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Preface 

 

Materials Engineering based on Nano Sciences is a key ingredient of current advanced technologies 

supporting modern society, especially Information and Energy Technologies. The tremendous rapid 

growth of these fields makes them highly interdisciplinary and then inevitably demands their mutual 

interactions.  Under these circumstances, the 2019 the 3rd International Conference on Materials 

Engineering and Nano Sciences (ICMENS 2019) was organized as a series of successful international 

conferences held in Singapore (2017) and Hong Kong (2018).  

The main goal of ICMENS 2019, which will be held from 26 to 28 March 2019, in Hiroshima, is to 

address latest original results in Materials Engineering and Nano Sciences, including both theoretical 

advances and practical implementations, which are becoming more and more popular in industry and in 

our daily lives. The ICMENS 2019 will provide a premier interdisciplinary platform for scientists, 

researchers, industry leaders, engineers and educators throughout the world to present and discuss the 

most recent innovations, trends, concerns, as well as practical challenges encountered, and streamline 

solutions in the fields of Materials Engineering and Nano Sciences. The meeting will provide an 

opportunity to highlight recent developments and to identify emerging and future areas of growth in 

Quantum Technology.   

Towards this end, the Technical Programme Committee has assembled an excellent programme 

comprising of 2 excellent Keynote Speeches and 2 Plenary Talks from renowned scientists from the 

world, 6 parallel technical sessions comprising of more than 40 presentations. A total of 31 full papers 

were selected from 46 original contributions after a rigorous review process. In addition to the reqular 

sessions, a special session was set with four Invited Talks leading to the quantum manipulation 

technology, which is newly emerging reseach fields.  

On behalf of the Organising Committee, I wish to thank the keynote speakers, invited speakers and 

authors of selected papers for their outstanding contributions. I would also like to thank members of the 

organizing committee, anonymous reviewers and volunteers for their great efforts. Without their 

contribution, dedication and commitment, we would not have achieved so much. Thanks also go to the 

Conference Secretaries (Dana Chan & Jessi Mars) for their dedicated cooperation. We sincerely hope 

that you will find the ICMENS 2019 beneficial and fruitful for your professional development. We also 

hope that you will enjoy our hospitality and will have an enjoyable and memorable time in Hiroshima. 

 

 

Conference Chair, ICMENS 2019 

Professor Toshikazu Ekino 

Hiroshima University, Japan 

 

 



IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Conference Committees
To cite this article: 2019 IOP Conf. Ser.: Mater. Sci. Eng. 625 011002

 

View the article online for updates and enhancements.

This content was downloaded from IP address 103.23.102.245 on 09/10/2019 at 08:55

https://doi.org/10.1088/1757-899X/625/1/011002


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

ICMENS 2019

IOP Conf. Series: Materials Science and Engineering 625 (2019) 011002

IOP Publishing

doi:10.1088/1757-899X/625/1/011002

1

 

 
 

Conference Committees 
 

 

Advisory Committees 

Prof. Richard Haverkamp, Massey University, New Zealand 

Prof. C. W. Lim, City University of Hong Kong, Hong Kong 

  

Conference Chair 

Prof. Toshikazu Ekino, Hiroshima University, Japan 

 

Local Chair 

Prof. Satoshi Ishizaka, Hiroshima University, Japan 

 

Program Chairs 

Prof. Josip Brnić, University of Rijeka, Croatia 

Prof. Ricardo Branco, University of Coimbra, Portugal 

Prof. Syuma Yasuzuka, Hiroshima Institute of Technology, Japan 

 

Local Committees 

Prof. Noriyuki Hatakenaka, Hiroshima University, Japan 

Prof. Seiji Higashitani, Hiroshima University, Japan 

Prof. Masanori Inui, Hiroshima University, Japan 

Prof. Norio Ogita, Hiroshima University, Japan 

Prof. Akihiko Toda, Hiroshima University, Japan 

 

Technical Committees 

Assoc. Prof. Marino Brčić, University of Rijeka, Croatia 

Prof. Vladimir Khovaylo, National University of Science and Technology "MISiS", Russia 

Assoc. Prof. Munehiro Nishida, Hiroshima University, Japan 

Asst. Prof. Masataka Iinuma, Hiroshima University, Japan 

Prof. Akihiko Fujiwara, Kwansei Gakuin University, Japan 

Prof. Jiin-Yuh Jang, National Cheng Kung University, Taiwan 

Prof. Jui-Hsiang Liu, National Cheng Kung University, Taiwan 

Prof. Ick Soo Kim, Shinshu University, Ueda, Japan 

Prof. Rakesh Chand Ramola, HNB Garhwal University, India 

Asst. Prof. Toshiyuki Fujii, Asahikawa Medical University, Japan 

Dr. Norihito Kosugi, VINAS Co., Ltd., Japan 

Dr. Abbas Mohammed Selman, University of Kufa, Iraq 

Dr. Omid Nabinejad, Michigan State University, USA 

Dr. Shweta Agarwala, Nanyang Technological University, Singapore 

Dr. Dewi Suriyani Che Halin, Unversiti Malaysia Perlis, Malaysia 

Dr. Du Ngoc Uy Lan, Unversiti Malaysia Perlis, Malaysia 



ICMENS 2019

IOP Conf. Series: Materials Science and Engineering 625 (2019) 011002

IOP Publishing

doi:10.1088/1757-899X/625/1/011002

2

 

 
 

Dr. Fazlena Hamzah, Universiti Teknologi MARA, Malaysia 

Dr. Akindoyo John Olabode, Universiti Malaysia Pahang, Malaysia 

Dr. Ong Hui Lin, Unversiti Malaysia Perlis, Malaysia 

Prof. Ir. Dr Faizal Mustapha, Universiti Putra Malaysia, Malaysia 

Dr. Mirosław Kwiatkowski, AGH University of Science and Technology, Poland 

Asst. Prof. Francesca Scalisi, University of Palermo, Italy 

Dr. Liew Yun Ming, Unversiti Malaysia Perlis, Malaysia 

Dr. Trong-Phuoc Huynh, Can Tho University, Vietnam 

Dr. Norainiza Saud, Unversiti Malaysia Perlis, Malaysia   

Dr. Nur Farhana Diyana Mohd Yunos, Unversiti Malaysia Perlis, Malaysia 

Dr. Minho Yoon, Yonsei university, South Korea 

Assoc. Prof. Amarendra Hj, Malnad College of Engineering, India 

Prof. Srinath M S, Malnad College of Engineering, India 



IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Peer review statement
To cite this article: 2019 IOP Conf. Ser.: Mater. Sci. Eng. 625 011003

 

View the article online for updates and enhancements.

This content was downloaded from IP address 103.23.102.245 on 09/10/2019 at 08:56

https://doi.org/10.1088/1757-899X/625/1/011003


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

ICMENS 2019

IOP Conf. Series: Materials Science and Engineering 625 (2019) 011003

IOP Publishing

doi:10.1088/1757-899X/625/1/011003

1

Peer review statement

All papers published in this volume of IOP Conference Series: Materials Science and Engineering have

been peer reviewed through processes administered by the proceedings Editors. Reviews were conducted

by expert referees to the professional and scientific standards expected of a proceedings journal published

by IOP Publishing.



Table of Contents

Photo-oxidation of an Organosulfur for Photo-charging of Lithium-ion Batteries
Hiroyuki Shingu, Hiroshi Uemachi and Akihiko Fujiwara

1

The Enhancement of High Dielectric Properties for Pure PVDFHFP by Using the Suitable
Stirred Temperature and Time

A Salea, K Jehlaeh and C Putson

7

Microstructures of Nanoporous-Si Composite Anodes in SulfideBased All-solid-state
Lithium-ion Batteries

R Okuno, M Yamamoto, A Kato, Y Terauchi and M Takahashi

12

Silicon-doped Indium Oxide–A Promising Amorphous Oxide Semiconductor Material for
Thin-film Transistor Fabricated by Spin Coating Method

Ha Hoang, Kazutaka Sasaki, Tatsuki Hori, Kazuhito Tsukagoshi, Toshihide Nabatame, Bui
Nguyen Quoc Trinh and Akihiko Fujiwara

16

Halogenated Monolayer SnS: A First-principles Studies
K H Yeoh, T L Yoon, Rusi, D S Ong and T L Lim

21

Feasibility of Producing Unfired Four-Hole Hollow Bricks from Blended Cement-fly
Ash-chippings under Coupled-static Forming Pressure

Trong-Phuoc Huynh, Ngoc-Duy Do, Chao-Lung Hwang, Si-Huy Ngo and Ngoc-Hang Thi
Mai

26

Strength and Thermal Properties of Unfired Four-hole Hollow Bricks Manufactured from a
Mixture of Cement, Low-calcium Fly Ash and Blended Fine Aggregates

Trong-Phuoc Huynh, Trong-Chuc Nguyen, Ngoc-Duy Do, Chao-Lung Hwang and Le
Anh-Tuan Bui

31

A Novel Inertial Sensor Exploiting Magnetic Fluid
X Zhang, X Xia, W Zhang and Z Xiang

36

Analysis of the Mechanical Response of Materials Used in Design for Highly Stressed
Components

J Brnic, S Krscanski and M Brcic

45

Furfuryl Alcohol-derived Carbon Monoliths for CO2 Capture: Adsorption Isotherm and
Kinetic Study

J Singh, S Basu and H Bhunia

50

Equivalent Beam Model of Single Walled Carbon Nanotube with Imperfections
Marino Brčić, Marko Čanađija and Josip Brnić

55

Oxalate Precipitation Synthesis of Copper-Manganese Nanoparticles for Methanol Steam
Reforming

Y D G Edañol, R L Barbosa, S C Buenviaje and L M Payawan Jr

60

Mechanical Strength of Natural Rubber Filled Fly Ash
A Dasaesamoh, T Osotchan and K Subannajui

65

Development of Nano TiO2 Coated Cement Surface Degradation Properties by the
Photocatalytic

Pheeraphong Bunroek and Pat Sooksaen

70

Functional Targeting Nanomicelles with pH-Triggered Peptide Activation for Improved Drug
Delivery in Lung Cancer

Yuehua Wang, Fei Jia, Chunyan Yue, Jian Sun and Weizhi Wang

75

Nanostructured Zinc Oxide Films Grown via MicrowaveAssisted H2O Oxidation for
Perovskite Solar Cells

C M Pelicano and H Yanagi

80



Synthesis of Calcium Phosphate Composite Organogels by Using Castor oil and Sorbitan
Monopalmitate Based for Dentine Occlusion Material

J Waiyawat, K Akkarachaneeyakorn, P Changpongpan, M Kongsena, C Teanchai and O
Chienthavorn

85

Microstructure and Properties of Superconducting, Ferromagnetic and Hybrid Nanowire
Networks of La1.85Sr0.15CuO4 and La0.5Sr0.5MnO3

M. R. Koblischka, A. Koblischka-Veneva, X. L. Zeng and T. Karwoth

90

Comparison of Human and Bovine Dental Enamel by TEM and t-EBSD Investigations
A. Koblischka-Veneva, M. R. Koblischka, J. Schmauch and M. Hannig

98

Synthesis of Carbon Nanoparticles Using Various Electrolyte Concentrations in Submerged
Glow Discharge Plasma

M S Ranjit and M R M Julaihi

105

Fabrication of Solar Cell Using Titanium, Zinc, Carbon and Gold Nanoparticles
A D C Z S Lim and M R M Julaihi

110

Assessment of Climatic Variation on Bio Cement mortar Based Infrastructure
Muyideen Abdulkareem, Fadeelat Ayeronfe, Muhd Zaimi Abd Majid, Abdul Rahman

Mohd. Sam and Jang-Ho Jay Kim

115

The Increase of Biodiesel B20 Oxidation Stability Using Antioxidant Obtained from Soursop
Leaves Extraction through Microwave Assisted Extraction Technique

Megawati, W Astuti, U M Arief, R R Ginting and W Sammadikun

120

Application of Kepok Banana Peel Activated Carbon Prepared by Conventional and
Microwave Heating for Malachite Green Adsorption

W Astuti1, Megawati, MA Mahardhika, DA Putri, M Rohman, MF Sihab, T
Sulistyaningsih, M Hidayah, L Fitriana and EF Irchamsyah

125

Development of a Stretched Absolute Wavelength Standardusing Dichroic Atomic Vapor
Spectroscopy towards Observation of Light-induced Drift

Y Kusano, N Nishiya and L Matsuoka

130

Study of Delignification Process and Crystallinity Index on Lignocellulose Components of
Corn Cob in Different Pretreatments: A Combination of Pretreatment (Ionic Choline Acetate
and NaOH) and NaOH Pretreatment

U. Rofiqah, A. Safitri and Fadhilah

135

Electrochemical Determination of Diethylstilbestrol by Using a Magnetic
Nanoparticle/Graphene Composite Film Electrode

Yingyot Poo-arporn, Saithip Pakapongpan and Rungtiva P. Poo-arporn

140

Splitting Tensile Strength of Lightweight Concrete Using Polypropylene Coarse Aggregate
Coated with Sand

H Purnomo, R K Putri and P Perdani

145

Using Non-continuous Gold Film as the Seed Layer for Developing Zinc Oxide Nanowire
Array

P-K Chiu, C-W Lin, D-R Huang, C-T Yang and D Chiang

151

The Magnesia Fluxes Based on Magnesium Silicates in the Sinter Production
A N Shapovalov, E V Ovchinnikova, V B Gorbunov, R R Dema and O B Kalugina

156



IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Application of kepok banana peel activated carbon prepared by
conventional and microwave heating for malachite green adsorption
To cite this article: W Astuti et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 625 012025

 

View the article online for updates and enhancements.

This content was downloaded from IP address 103.23.102.245 on 08/10/2019 at 09:53

https://doi.org/10.1088/1757-899X/625/1/012025


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

ICMENS 2019

IOP Conf. Series: Materials Science and Engineering 625 (2019) 012025

IOP Publishing

doi:10.1088/1757-899X/625/1/012025

1

	
	
	
	
	
	

Application of kepok banana peel activated carbon prepared 
by conventional and microwave heating for malachite green 
adsorption 

W Astuti1*, Megawati1, MA Mahardhika1, DA Putri1, M Rohman1, MF Sihab1, T 
Sulistyaningsih2, M Hidayah1, L Fitriana1 and EF Irchamsyah1  
1 Department of Chemical Engineering, Universitas Negeri Semarang, Semarang, Indonesia 
2 Department of Chemistry, Universitas Negeri Semarang, Semarang, Indonesia 

*Email: widi_astuti@mail.unnes.ac.id 

Abstract. Kepok banana peel as an agricultural waste has been used as a precursor in the 
production of activated carbon with NaOH activation. In this sense, the effect of heating 
technique (e.g. conventional and microwave heating) to the character and adsorption 
performance of the activated carbon was investigated. The obtained activated carbon was 
characterized by pore structural analysis, Fourier transform infrared (FTIR) spectroscopy and 
scanning electron microscope (SEM), then it used to remove malachite green from aqueous 
solution. It was found that microwave assisted NaOH activated carbon possessed high surface 
area and uniform pore structure. The surface area of activated carbons produced by 
conventional and microwave heating were 10.95 and 187.66 m2/g, respectively. The optimum 
malachite green adsorption occurred at pH 10 and the equilibrium reached after 180 min. The 
adsorption behavior was well described by the Freundlich isotherm model. 

1. Introduction 
Wastewater released from textile, paint and printing industries generally contains a large number of 
dyestuff. If it enters into the water body, it can inhibit photosynthesis process of plants in the water 
[1]. The dyes have a complex aromatic structure that is stable to biodegradation and photodegradation. 
In addition, several dyes are toxic, carcinogenic and mutagenic. Considering the danger caused by the 
dyes, it must be removed from wastewater before discharged into the stream. Several methods such as 
electrochemical treatment [2], coagulation [3] and adsorption [4] have been used to remove dyes in 
aqueous solution. Among them, adsorption using activated carbon is the promising method due to its 
simplicity and high performance [5]. Recently, the use of lignocellulose-based activated carbon is 
preferred due to low cost and its abundant availability [6-8]. In this study, kepok banana (Musa 
paradisiaca) peel waste was used as a precursor in the preparation of activated carbon due to it has a 
high content of hemicellulose (74.9%), lignin (7.9%) and cellulose (7.5%). 

In general, physical or chemical activation methods are used in the synthesis of activated carbon. In 
contrast to the physical activation where the resulting char is activated in the presence of CO2 or steam 
[9], in chemical activation, char is impregnated with activating agents such as ZnCl2 [10] and H3PO4 
[11]. In this sense, conventional heating using a furnace is usually adopted. Recently, microwave 
technique becomes a promising alternative for conventional heating due to it has several advantages 
including uniform temperature distribution, shorter time and lower energy [12]. To the best of our 
knowledge, no literature have been reported on the preparation of kepok banana peel activated carbon 
by microwave-assisted NaOH activation. Therefore, the objectives of this study were to (1) prepare 
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and characterize activated carbon from kepok banana peel with NaOH activation using conventional 
and microwave heating (2) investigate adsorption characteristics of malachite green onto the activated 
carbon and (3) determine isotherm model for malachite green-activated carbon system. 

2. Materials and methods  

2.1. Preparation of activated carbon 
Kepok banana peel used as a precursor in this study was obtained from a traditional market in 
Semarang, Indonesia. The banana peel was washed and heated at 110oC in an oven to remove moisture 
content. The dried sample was then blended to a powder. Furthermore, char was produced through a 
carbonization process by heating the sample in a furnace at a temperature of 500oC for 2 hours. The 
obtained char was mixed with NaOH and 10 mL of distilled water in a vertical reactor and stirred for 2 
hours at room condition. The ratio of NaOH : char was 3:1. Afterward, the sample dried at 130°C for 4 
h. There are two heating techniques. First, using a furnace at a temperature of 700°C for 1 hour. 
Second, using a microwave oven with a frequency of 2.45 GHz at 600 W for 7 min, under a stream of 
N2 with a flow rate of 0.25 L/min. The obtained activated carbon was washed with 0.1 M HCl and 
distilled water until the filtrate pH was around 7. Furthermore, it was dried at 110oC for one hour.  

A scanning electron microscope ((Phenom Pro X Desktop, UK) was used to analyze the surface 
morphology of char, conventional heated activated carbon (CAC) and microwave heated activated 
carbon (MAC) while the surface area was characterized through adsorption of N2 at 77K using gas 
sorption apparatus (Quantachrome, USA) and calculated by Brunauer-Emmet-Teller (BET) method. 
The surface organic structure of the adsorbents was characterized by Fourier transform infrared 
(FTIR) spectroscopy (Shimadzu, Japan) using KBr pellet method at wave number 400-4000 cm-1. 

2.2. Adsorption studies 
Malachite green (chemical grade reagent) used as adsorbate was obtained from U.D. Indrasari 
Semarang and used without further purification. The sample solution was prepared by dissolving the 
malachite green powder with distilled water to the required concentration. 

Batch adsorption experiments were conducted in six Erlenmeyer (100 mL size) containing 0.1 g of 
adsorbent and 50 mL of malachite green solution (100 mg/L). The adsorption was carried out at 
various pH (2, 4, 6, 8, 10 and 12) with added 0.1 N HCl or 0.1 N NaOH. The suspensions were shaken 
using a shaker apparatus at 120 rpm for 180 min. All suspended solids were filtered using Whatman 
paper and the filtrates were then analyzed for residual malachite green using a UV-Visible 
spectrophotometer at λmax 618 nm. The effect of contact time toward the quantity of malachite green 
adsorbed was studied at various contact time (10, 20, 30, 40, 50, 60, 120, and 180 min) at solution pH 
of 10 and malachite green concentration of 100 mg/L. Adsorption isotherm was studied through 
various malachite green concentration (5, 10, 20, 30, 40, 50, 100, 200, 300, 400, and 500 mg/L) at 
solution pH of 10 for 180 min. The malachite green uptake at equilibrium per unit mass adsorbent 
(mg/g) was calculated by Eq. (1) as follows [13]:  
 

        𝑞! =
!!!!!  !

!
           (1) 

 
where Co and Ce (mg/L) are concentrations of malachite green in the liquid-phase at initial and 
equilibrium, respectively, M (g) is the mass of adsorbent used and V (L) is the volume of solution. 

3. Results and discussion 

3.1. Characterization of char, CAC and MAC 
Figure 1 describes SEM micrographs of char, CAC, and MAC. It can be observed that the char (Figure 
1a) has a dense and constricted surface due to the pores were blocked by tarry substances. While, after 
the activation process with NaOH, the porosity of the activated carbon increased (Figure 1(b) and 
1(c)). In this sense, pore development through three stages including the opening of the blocked pores, 



ICMENS 2019

IOP Conf. Series: Materials Science and Engineering 625 (2019) 012025

IOP Publishing

doi:10.1088/1757-899X/625/1/012025

3

	
	
	
	
	
	

widening of the existing pores and formation of new pores. In conventional heating, material (i.e. 
char) was heated by conduction and convection mechanism from a heat source located outside 
material bed. It led to a temperature gradient in the bed until a steady state condition was reached. As a 
result, the pore size was very diverse (Figure 1(b)). In contrast to the conventional heating, in the 
microwave heating, material received heat through dipole rotation and ionic conduction mechanism. 
As a result, MAC surface (Figure 1(c)) had a highly porous structure with more uniform pore size.  
 
 
 
 
 
 
 
 
 
 
 

Figure 1. SEM micrographs of (a) char, (b) CAC and (c ) MAC 
 

To confirm the presence of functional groups which were capable to adsorb malachite green, FTIR 
analysis was conducted. Figure 2 describes the FTIR spectra of dried banana peel, char, and MAC. 
The wide absorption peak around 3400-3700 cm-1 with a maximum at 3430 cm-1 (Figure 2(a)) 
indicated the O-H stretching mode of hydroxyl groups derived from cellulose and lignin in the banana 
peel. While the absorption peak at 2924.56 cm-1 indicated the presence of the C-H group. The bands at 
1642.28 cm-1 may be attributed to the C=C stretching vibration of olefinic groups, whereas the 
presence of C-OH groups derived from lignin was indicated by absorption peak at 1037.03 cm-1. The 
existence of C-O-H twist bending vibration from cellulose was indicated by the presence of an 
absorption peak around 607 cm-1. After the carbonization and activation process, the position and 
intensity of some peaks being changed (Figure 2(b) and 2(c)). Peak around 3400-3700 cm-1, 1642 and 
607 cm-1 became shallower which suggested the decrease of cellulose and lignin content. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. FTIR spectra of (a) dried banana peel, (b) char, and (c) MAC 

 
BET surface area of CAC and MAC was 10.946 m2/g and 187.664 m2/g, respectively. It suggests 

that microwave heating increased surface area compared to conventional heating. Thus, there was a 

(a) (b) (c) 
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good agreement with the result of SEM micrographs which described that the pore size of CAC was 
smaller than that of MAC and several pores in CAC was blocked. 

3.2. Adsorption of malachite green 
The adsorption uptake of malachite green onto MAC linearly increased from pH 4 to 10, but it was 
nearly constant between pH 10 to 12 (Figure 3(a)). In the acid medium (i.e. presence of H+), the 
phenolic groups contained in the MAC will be protonated to R-O+-H2. As a result, no ionic interaction 
between MAC and the malachite green cations. It led to a decrease in the amount of malachite green 
adsorbed. While, at higher solution pH, the negatively charged species start dominating in the MAC 
surface. As a result, the amount of malachite green adsorbed increased due to the electrostatic 
attraction between positively charged of malachite green and negatively charged of MAC. Between 
solution pH 10 to 12, adsorption was nearly constant due to the formation of carbinol complexes. 

Figure 3(b) depicts that the quantity of malachite green adsorbed increased rapidly in the first 10 
min and thereafter it gradually slows down till the equilibrium was reached. It may be due to a large 
number of vacant sites were available to the adsorption process during the initial stage. 

 

 
 

Figure 3. The effect of (a) pH and (b) contact time toward quantity of malachite green adsorbed  

3.3. Adsorption isotherm study 
Adsorption isotherm, that is used to optimize the design of adsorption system, describes the 
equilibrium of adsorbate molecules between liquid and solid (i.e. adsorbent) phase. It is characterized 
by specific constants that describe the affinity of adsorbent toward adsorbate molecules. In this study, 
two isotherm models including Langmuir and Freundlich were analyzed. Langmuir isotherm model is 
based on the assumption of monolayer adsorption with a homogeneous adsorbent surface. In this 
sense, adsorption sites on the adsorbent surface are assumed to be identical. The linear form of the 
Langmuir equation is described in Eq. (2) [13].  
 
         !!

!!
=  !

!!!!
+  !

!!
𝐶!      (2) 

 
where qm is the maximum adsorption capacity (mg/g) and KL (L/mg) is Langmuir constant related to 
the affinity of the binding site. In contrast to the Langmuir model, the Freundlich model is an 
empirical equation based on the assumption of a heterogeneous adsorbent surface with a random 
distribution of adsorption heat over the adsorbent surface. The linear form of the Freundlich equation 
is described in Eq. (3) [13]. 
            log qe = log KF + 1/n log Ce          (3)
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where KF (L/g) is the Freundlich constant indicated the adsorption capacity while 1/n is a model 
parameter involving adsorption intensity. The value of isotherm parameters can be calculated from the 
slope and intercept of the graphed line in Figure 4. It shows that adsorption data be best fitted to the 
Freundlich isotherm model due to the value of R2 for the Freundlich isotherm was closer to unity 
(R2=0.965). It implied that the MAC surface was known to be highly heterogeneous with the value of 
KF and n was 45.91 and 1.092, respectively. 
 

 
Figure 4. (a) Langmuir and (b) Freundlich isotherm plot for the malachite green adsorption by MAC 

4. Conclusion 
This study has demonstrated the suitability of kepok banana peel activated carbon prepared by 
microwave heating for malachite green adsorption. The optimum adsorption of the malachite green 
occurred at pH 10 for 180 min. Adsorption data be best fitted to the Freundlich isotherm model. 
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