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Preface 

Welcome Speech from  

Rector of Universitas Syiah Kuala 

Assalamu’alaikum warahmatullahi wabarakatuh, 

In the name of Allah, the Most Beneficent and the Most Merciful. May peace, mercy, and blessings of 

Allah be upon you. Sholawat and salam may everlastingly be upon our adoration, Great Prophet 

Muhammad SAW, who had guided and led us from darkness into the shining bright path. 

Dear colleagues, professors, lecturers, researchers, ladies and gentlemen. On behalf of Universitas Syiah 

Kuala, I would like to express my sincere gratitude and welcome you to the 10th Annual International 

Conference (AIC) 2020. It is an annual conference, started in 2011 and organized by Universitas Syiah 

Kuala, the largest and oldest public university in Aceh. This year, the conference is conducted virtually. As 

usual, the conference is divided into three sub-conferences and one of them is the 10th AIC on Sciences 

and Engineering. 

I would like to thanks to the keynote and invited speakers, namely Prof. Dr. Wouter Dewulf from The 

University of Antwerp, Belgium; and Prof. Hamzah Fansuri, Ph.D from Institut Teknologi Sepuluh 

Nopember, Indonesia. who have allocated their time to fulfil the invitation, and to share knowledge and 

experiences from their respective academic institutions. 

There has always been a gap between peoples and communities who can make effective use of technology 

and those who cannot. For that matter, all academicians, researchers, and practitioners should consider 

humanity to make a peaceful world. With humanity, we could change to a better environment and a better 

life. We believe in knowledge, research, and technology for all people, minorities, people with disabilities, 

and helping anyone. No matter how much we can accomplish by ourselves, it is never sufficient in this 

world of knowledge. Therefore, this conference's focal drive is to exchange ideas, and by participating in 

this exchange, it is hoped that all parties who may benefit from the conference can use it in their work 

areas. The conference's agenda covers a wide range of exciting topics related to all theoretical and practical 

aspects, particularly in Sciences and Engineering. 

I hope that all findings disseminated in the conference will be published in international proceedings, and 

all parties involved can benefit and apply the new ideas in the future. I also hope that this conference can 

bridge and enhance further cooperation and network among the committee, attendees, and keynote speakers 

in research, publication, or other future academic activities.  

Finally, my deepest gratitude goes to the advisory board, organizing committee, international scientific 

committee, institutions, companies, and volunteers who have contributed to this seminar's success. The 

committee has organized a vibrant scientific program and presented a highly respected and internationally 

notorious speakers. Please accept our sincere apologies should some inconveniences occur before, during, 

or after the event. 

Finally, by Allah's grace and permission, the 10th Annual International Conference Universitas Syiah 

Kuala 2020 is officially opened. I wish you a very productive, successful, and enjoyable conference. 

Wassalamu’alaikum warahmatullahi wabarakatuh, 

Prof. Dr. Ir. Samsul Rizal, M.Eng. 
Rector of Universitas Syiah Kuala 
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 Welcome Speech from Chairperson 

 

Assalamu’alaikum warahmatullahi wabarakatuhu, 

On behalf of the organizing committees, I would like to welcome all of you to Banda Aceh, Indonesia, 

for the 10
th
 Annual International Conference (AIC) 2020 on Science and Engineering (SE). 

Under the theme of ”Connecting the world through innovation and sustainable development", the 

keynote and invited speakers in this 10
th
 AIC 2020 on SE will be Prof. Dr. Wouter Dewulf from The 

University of Antwerp, Belgium; and Prof. Hamzah Fansuri, Ph.D from Institut Teknologi Sepuluh 

Nopember, Indonesia. 

The conference has received 87 full papers for oral and poster presentation and will be published on 

IOP Conference Series: Material and Science Engineering indexed by Scopus in the first quarter of 

2021. To all members of the organizing committees, the international scientific committees, the 

reviewers, the editors, the moderators and the collaboration partners, we would like to thank all of 

them for their tremendous efforts to organize this virtual conference successfully. My sincere gratitude 

goes to Dr. Eng. Sugiarto for his tremendous efforts to direct the conference. 

We look forward to having a successful conference, and we hope that all attendees enjoy and benefit 

from this conference. Also, let’s hope this Covid-19 global pandemic will be over as soon as possible 

so this virtual conference will be the first and the last. 

 

Best regards, 

 

Dr. Dewi Yunita 

Chairperson 
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Dr. Hartati Oktarina, Universitas Syiah Kuala, Indonesia 
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Website Developer 
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 Keynote & Invited Speakers 

 

Prof. Dr. Wouter Dewulf  
University of Antwerp and C-MAT (Belgium) 

 He is a professor at the University of Antwerp and C-MAT (Belgium) and is 

academic director of C-MAT. The C-MAT (Centre for Maritime & Air Transport 

Management) is one of the world's premier suppliers of highly specialized 

academic as well as practice-based education and research in transport economics, 

with a focus on maritime transport, air transport and transport research. His main 

areas of research are in the fields of air cargo, air transport strategy, Ecommerce 

and urban logistics. He is a visiting professor at University of Hasselt (Belgium), 

University of Chongqing (China) and Trisakti Institute of Transportation and 

Logistics (Jakarta, Indonesia). 

 

 

 

Prof. Hamzah Fansuri, Ph.D  
Institut Teknologi Sepuluh Nopember (ITS) (Indonesia) 

Hamzah Fansuri is a Professor at the Department of Chemistry, Institut Teknologi 

Sepuluh Nopember (ITS) in Surabaya, Indonesia. Hamzah's research interest is in 

Inorganic materials, particularly Geopolymer, Zeolite, Heterogeneous Catalyst 

and Inorganic membranes.  
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The influences of operating conditions on the removal of Fe(II) 

in water by adsorption using bentonite as a low-cost adsorbent 

M Jannah1, S Mulyati2,*, C M Rosnelly2, S Muchtar2 
1Graduate School of Chemical Engineering, Universitas Syiah Kuala University , Jl. 

Tgk  Chik Pante Kulu No. 5, Banda Aceh, 23111, Indonesia 

2Department of Chemical Engineering, Syiah Kuala University, Jl. Syeh A. Rauf, No. 

7 Banda Aceh, 23111 Indonesia 
 

*E-mail: sri.mulyati@unsyiah.ac.id 

 
Abstract. The contamination of Fe2+ in groundwater is a problem that needs to be handled 

seriously as it can cause health problems for humans. In this study, the adsorption process method 

is conducted by use of natural bentonite from North Aceh. This process is expected to reduce 

Fe2+ as effectively as possible. The adsorption process is carried out by varying the contact time, 

adsorbent dose, and pH of the sample. The most effective contact time is obtained at 160 minutes, 

the adsorbent dose is 1 g/L and the pH of the sample is in neutral condition. With the initial 

concentration of metal in the sample solution of 20 mg/L, the adsorption process is able to 

remove 85.5% of Fe with the remaining Fe in the water of only 2.82 g/L. 

1.  Introduction 

Water pollution caused by toxic compounds is a major problem because it affects environmental quality 

such as plants, animals and human health. Heavy metals are toxic and dangerous substances even at very 

low concentrations[1].The term heavy metals is described as pollutants that are discharged into the 

environment in the form of air, water, or soil [2]. Heavy metals are defined as elements with a density 

higher than 5 g/cm3[3]. Heavy metals are dangerous because they are not biodegradable, accumulated 

in the food chain, and are persistent [4]. One of the heavy metals that are often present in water sources 

is ferrous (Fe). Although Fe is an essential mineral that helps transport oxygen in the blood, its presence 

in groundwater at a certain level makes water unusable due to change in taste, smell, and 

cloudiness[5].Besides water hardness, the presence of Fe is the most common problem faced by 

consumers and water providers [6]. Fe which is deposited in the distribution system can increase the 

growth of microorganisms so that their concentration increases in the water. Fe is commonly found in 

groundwater supplies which are used as a source of raw water for clean water providers. If the content 

of this compound exceeds the maximum allowed, the water will visually change in color, which will 

result in poor piping and water quality. Therefore, the World Health Organization (WHO) has 

determined that the maximum permissible level of iron is 0.3 mg/L [7][8]. Measurement of iron content 

is particularly important in boreholes and other surface water sources. If the iron content exceeds 0.3 

mg/L it is necessary to consider the most effective treatment that can be used. 

Several methods have been used to remove iron compounds in water, including through the aeration 

process[9], oxidation-coagulation [10], chlorination[11], electrochemistry [12] and adsorption [13]. Of 
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all the methods, the adsorption process is an attractive option. This is due to the cost, flexibility, 

simplicity of design, ease of operation, insensitivity to toxic pollutants and better removal efficiency [4]. 

Activated carbon has been found to be the most effective adsorbent for removing metals from solution 

due to its high adsorption capacity. However, the costs involved are high, limiting their widespread use 

in most industries and developing countries. Many researchers have studied the use of low-cost 

adsorbents to remove metal ions from solutions, thereby minimizing the high cost problem. Some of the 

low-cost adsorbents that have been used include agricultural waste and biomass materials, clay, zeolite, 

silica, fly ash and bentonite. In this research, the natural bentonite acquired from local source (North 

Aceh Regency) is used. Besides its abundant availability, bentonite has also been reported to have a high 

adsorption capacity for heavy metals due to its high specific surface area, small particle size, high 

porosity and high cation exchange capacity [14]. Bentonite is used without chemical modification or 

maintenance to keep process costs low. The effects of pH, initial metal ion concentration, contact time, 

adsorbent dose. 

 

2.  Materials and methods 

2.1.  Materials 

Natural bentonite acquired from North Aceh Regency was employed as the adsorbent material. Fe2O3 

(Wako, Japan) was used as a model contaminant feed solution. HCl (Merck, Germany) and NaOH 

(Sigma Aldrich, Germany) were used as pH controller. Distilled water was used for solvent. 

2.2.  Preparation of bentonite adsorbent 

The adsorbent used in this work was based of natural local bentonite. Natural bentonite in the form of 

rocks was cleaned of impurities. Natural bentonite was pounded with a stainless steel hammer to reduce 

the size and on the ballmill to obtain a size of 80 mesh. 

2.3.  Batch adsorption experiments 

The adsorption experiments were carried out in batch reactor at a room temperature using bentonite 

adsorbent with particle size of 80 mesh. The experiment was conducted by studying various parameters 

such as contact time, adsorbent dose, and sample pH on the uptake of Fe (II) as a contaminant model 

solution. The Fe-containing feed solution was prepared in a concentration of 20 mg/L by dissolving 

20mg of pure Fe in 1L of distilled water. A total of 100 ml feed solution was mixed with certain amount 

of adsorbent with continuous stirring. The pH was also continuously adjusted to the expected value 

using HCl and NaOH solutions. The concentration of the filtrate was analyzed using a UV-VIS 

spectrophotometer. 

To study the effect of contact time on the adsorption of Fe(II), the experiment was carried out at a 

pH of 7, adsorbent dose of 1 g/L, and the stirring rateof 100 rpm. The effect of the adsorbent dose on 

theabsorption of Fe (II)was carried out by adding 0.25 g/L, 0.5 g/L, 0.75 g/L and 1.0 g/L in 100 mL of 

feed solution. Fe (II) with a concentration of 20 g / L. 

To determine the effect of pH on Fe (II) removal, the pH of the sample was set to the range 

2,3,4,5,6,7,8, and 9. The dose of adsorbent used was 1 g/L, the sample concentration was 20 gr/L and 

stirring at 100 rpm. 

 

3.  Result and discussion 

3.1.  Influence of contact time on the removal of Fe (II) 

The effect of contact time on the adsorption of Fe (II) by bentonite adsorbent was carried out by adding 

0.1 gram of adsorbent into a beaker glass which filled with 100 ml of Fe (II) sample with a concentration 

of 20 mg/L. The mixture was then stirred at a speed of 100 rpm. Figure 1 shows the effect of contact 

time on Fe (II) metal removal. From Figure1, it can be seen that the effect of contact time on Fe (II) 

removal efficiency ranged from 0-20 minutes, the efficiency of the increase in metal removal was quite 

significant. In the next time interval, the elimination efficiency continued to increase, although it was 

not like in the 0-20 minutes interval range. The equilibrium condition is reached when the sample contact 
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time with the adsorbent is 180 minutes. At the beginning of the adsorption process, the surface area of 

the contact on the adsorbent surface is still sufficiently available so that there is no competition between 

metal ions on the adsorbent surface, but over time, the available space for ion absorption others become 

limited. Due to the repulsion between the metal ions absorbed on the adsorbent surface and the ions in 

the solution, further ion absorption becomes more difficult [14, 15]. Repulsion is when ions are separated 

having their core electron wavefunctions cannot overlap and have the similar quantum numbers. As the 

ions get closer, some of the ions might be forced into having higher state of energy due to the overlap 

of wavefunctions. Because the electrons cannot be in the same energy state some of the electrons are 

pushed into higher states and preventing the ions from approaching closer to each other [14, 15]. When 

the entire adsorbent surface is saturated, there is an equilibrium (steady state) condition, where the 

absorption efficiency will be constant even though the absorption time is longer. In this process the 

optimal efficiency is obtained at 160 minutes contact time, with an absorption efficiency of 84.35 

percent. 
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Figure 1. Influence of contact time on Fe (II) removal 

[[adsorbent] = 1 g/L; particle size 80 msh; [Fe (II)]0 = 

20 mg/L; pH =7. 

 

3.2.  Influence adsorbent dosage on the removal of Fe (II) 

The effect of adsorbent loading on Fe2+ adsorption by bentonite adsorbent is illustrated in Figure 2. From 

the results obtained, it can be concluded that the adsorbent dose greatly affects the removal performance. 

Increasing the adsorbent concentration to 1 g/L resulted in a large increase in the percentage of Fe uptake 

(0–80% Fe adsorption). The increase in the percentage of Fe removed by increasing the adsorbent dose 

can be associated with an increase in the surface area of the adsorbent, which can increase the number 

of available adsorption sites. A further increase in the concentration of the adsorbent is not significantly 

affecting the percentage of metal removal, probably because almost all ions of Fe have bonded to the 

adsorbent and on the formation of an equilibrium between the ions bound to the solid phase and those 

remaining in solution. The optimal adsorbent dose used in this study is 1 g/L. 
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Figure 2.Influence of contact time on Fe (II) removal.The contact 

time = 140 min; particle size 80 mesh; [Fe (II)]0 = 20 mg/L; pH =7. 
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Figure 3. Influence of pH of sample on Fe (II) removal. 

The contact time = 140 min; particle size 80 mesh; [Fe 

(II)]0 = 20 mg/L; dosage adsorbent =1 gr/L 

 

3.3.  Influence of pH on the removal of Fe (II) 

In the adsorption process, the pH of the solution is one of the main controllingparameters. The 

absorption capacity of metal ions and the adsorption mechanism are influenced by the pH of the 

solution [16].The acidity or basicity of the solution affects the charge on the adsorbent surface as 

well as the chemical equilibrium, both on the adsorbate and on the adsorbent. The effect of pH of 
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the feed solution on the Fe2+ absorption by bentonite adsorbent is illustrated in Fig. 3. From Figure 

3, it can be seen that in acidic conditions the efficiency of Fe2+absorption is low.This is because in 

this condition the surface of the active side of the adsorbent is positively charged thus there is 

competition between hydronium ions and metal ions.[17]. The absorption efficiency increased at pH 

7 and reached a maximum value of 85.5%. Increasing pH to pH 7, the active surface of the adsorbent 

becomes negative causing Fe2+ ions to be adsorbed more easily because of the electrostatic force 

between the surface of the adsorbent and the metal. In the pH range of 8-12, the efficiency of metal 

absorption decreases which is due to the precipitation of metal ions as hydroxide compounds. 

 

4.  Conclusion 

Based on the results of this study, it is concluded that the use of bentonite as an adsorbent is capable to 

remove Fe metal in the water sample. The optimal operating conditions were obtained at 160 minutes 

of contact time with an adsorbent dose of 1 g/L and the pH of the sample was at a neutral condition. The 

best removal efficiency was obtained at 85.5%. The final concentration of Fe in the effluent is 2.82 

mg/L. This condition has met the quality standard for sanitary water that is permitted to be used for 

community. 
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