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ABSTRACT 

 

The need of clean water has prompted many studies on removal of contaminants from 

polluted water. Amongst the water treatment methods, adsorption is simple in design and 

easy to use for treatment of many types of pollutants. The commonly used sorbents are 

activated carbon from petroleum sources, which are nonrenewable and limited. Thus, the 

aim of this study is to use banana stem (BSE), banana leaves (BLE) and banana stalk 

(BSA) as adsorbents to remove organic dyes (crystal violet dye and acid green dye) and 

heavy metals ions (Pb2+ and Cu2+) from aqueous solution. The BSE, BLE, and BSA 

sorbents were characterised using FT-IR, SEM-EDX, nitrogen adsorption and elemental 

analyser. The three sorbents were used in batch sorption experiments to investigate the 

kinetics, adsorption isotherms and effect of pH for removal of CV dye, AG dye, Pb2+ and 

Cu2+ ions in aqueous solution. The BSE, BLE, and BSA sorbents prior to sorption 

experiments show common characteristics of lignocellulosic materials. The FT-IR analysis 

shows the peaks of hydroxyl, CH2, CO, C-C, C-O-C and CH groups. The SEM-EDX 

analysis indicates irregular pores, with high amount of carbon and oxygen. The sorbents 

have specific surface area less than 25 m2/g, which is typical for untreated plant fibers. 

After sorption, the specific surface area decreases and the surface of the sorbents becomes 

rougher. The batch kinetics experiment indicates that the CV dye was removed using BLE 

sorbent at 1500 ppm, producing the highest adsorption capacity. A comparison between the 

CV and AG dyes show that the banana plant-based sorbents can remove CV dye better 

than AG dye. This highlights that the sorbents can remove positively charged ions or 

partially positive functional groups, due to slightly negative charge surface at almost 

neutral initial pH. The AG dye has to be sorbed at very low pH in order to push the 
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equilibrium pH below 4. The metal removal using the three sorbents favours Cu2+ removal 

compared to Pb2+ removal. The adsorption capacities of Cu2+ removal is about 40-50% 

higher than Pb2+ removal, showing stronger interaction between Cu2+ ions with the 

sorbents. All sorbents and sorbates system were tested to be fitted well with pseudo second 

order kinetic model, with R > 0.97. For some system that also fits well with intraparticle 

and liquid film diffusion (with R > 0.9), these indicate more than one controlling step. In 

terms of adsorption isotherm, the CV dye removal follows Langmuir isotherm for all three 

sorbents, whereas the AG dye removal follows Freundlich isotherm. The effect of pH on 

adsorption capacities of the sorbents is not significant between initial pH of 4-10. For the 

AG dye, the initial pH of 2 produces the highest adsorption capacities, which drops to half 

of the value at higher pH. In summary, the BSE, BLE and BSA sorbents have the potential 

to be further utilised in removal of contaminants in water with modifications of 

characteristics for higher adsorption capacities. 

Keywords:  Banana stem sorbent, banana leaves sorbent, banana stalk sorbent, adsorption, 

organic dyes, heavy metals ions  



vii 

 

Ciri-ciri Penjerap Berasaskan Pisang untuk Penyingkiran Pewarna Organik, Cu2+ dan 

Pb2+ dalam Larutan Akues 

 

ABSTRAK 

 

Keperluan untuk mendapatkan bekalan air bersih telah menyebabkan banyak kajian 

dilakukan untuk penyingkiran bendasing dari air tercemar. Daripada beberapa kaedah 

yang digunakan untuk merawat air tercemar, penjerapan adalah satu kaedah yang mudah 

dari segi rekabentuk dan boleh digunakan untuk menyingkirkan banyak jenis bahan cemar. 

Penjerap yang biasa digunakan ialah karbon teraktifkan dari sumber petroleum, yang 

mana mempunyai sumber yang tidak boleh diperbaharui dan terhad. Oleh itu, matlamat 

kajian ini ialah untuk menggunakan batang pisang, daun pisang, dan dahan pisang 

sebagai penjerap untuk menyingkirkan pewarna organik (lembayung kristal dan hijau 

asid) dan ion logam berat (Pb2+ dan Cu2+) dari larutan akues. Kesemua penjerap tersebut 

dicirikan dengan menggunakan alat FT-IR, SEM-EDX, penjerapan nitrogen dan analisa 

elemen. Kesemua penjerap juga digunakan untuk mengkaji kinetik, isoterma penjerapan 

dan kesan pH untuk penyingkiran pewarna lembayung kristal dan hijau asid, serta ion 

Pb2+ dan Cu2+ dari larutan akues. Penjerap BSE, BLE dan BSA menunjukkan ciri-ciri 

bahan lignoselulosa, yang mengandungi kumpulan hidroksil, CH2, CO, C-C, C-O-C and 

CH menggunakan FT-IR. SEM-EDX menunjukkan pori yang tidak sekata, dengan jumlah 

karbon dan oksigen yang tinggi. Penjerap BSE, BLE, dan BSA mempunyai luas permukaan 

spesifik kurang dari 25 m2/g, yang biasa untuk fiber tumbuhan yang tidak dimodifikasi. 

Selepas penjerapan, luas permukaan spesifik untuk semua penjerap berkurang separuh 

daripada yang asal. Eksperimen kinetik menunjukkan penjerapan pewarna kristal 

lembayung pada kepekatan 1500 ppm menghasilkan kapasiti penjerapan tertinggi. 
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Perbandingan antara penyingkiran kedua-dua pewarna yang digunakan, penjerap 

berasaskan pisang ini dapat menyingkirkan pewarna kristal lembayung dengan lebih baik 

berbanding pewarna hijau asid. Ini menunjukkan bahawa penjerap yang digunakan 

mampu untuk menyingkirkan ion bercas positif atau molekul kumpulan berfungsi yang 

bercas separa positif, kerana permukaan penjerap yang bersifat sedikit negatif pada pH 

permulaan yang hamper neutral. Untuk penjerapan logam berat, ketiga-tiga penjerap 

berasaskan pisang ini dapat menyingkirkan Cu2+ dengan lebih baik berbanding Pb2+. 

Kapasiti penjerapan untuk penyingkiran ion Cu2+adalah 40 ke 50 peratus lebih tinggi 

berbanding ion Pb2+, yang menunjukkan interaksi yang lebih kuat antara ion Cu2+ dengan 

penjerap yang digunakan. Kesemua sistem penjerapan menunjukkan yang ia dapat 

menggunakan model pseudo peringkat kedua. Untuk beberapa sistem yang juga 

mempunyai korelasi yang baik menggunakan model intra partikel dan resapan filem 

cecair, graf tersebut menunjukkan lebih dari satu langkah yang mengawal proses 

penjerapan. Untuk isoterma penjerapan, penyingkiran pewarna lembayung kristal 

menggunakan isoterma Langmuir untuk kesemua penjerap, manakala pewarna hijau asid 

menggunakan isoterma Freundlich. Kesan pH kepada kapasiti penjerapan tidak jelas 

antara pH permulaan 4-10. Walau bagaimanapun, untuk pewarna hijau asid, pH 

permulaan 2 menghasilkan kapasiti penjerapan yang terbesar, yang mana berkurang 

separuh apabila pH permulaan dinaikkan. Kesimpulannya, penjerap BSE, BLE, dan BSA 

mempunyai potensi untuk digunakan bagi penyingkiran bahan cemar dari air, dengan 

pengubahan ciri untuk meningkatkan kapasiti penjerapan. 

Kata kunci:  Penjerap batang pisang, penjerap daun pisang, penjerap dahan pisang, 

penjerapan, pewarna organik, ion logam berat 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Research Background 

Clean water is one of the dwindling sources of basic human needs. However, clean 

water scarcity is an issue in many places as partially treated wastewater enters waterways 

and become a source of water pollution. Department of Environment Malaysia has been 

monitoring the river water quality of 477 rivers in Malaysia and concluded that 11% are 

polluted whereas 43% are slightly polluted (Department of Environment Malaysia, 2017). 

The need for clean and treated water is becoming a crisis in many places, even in Malaysia. 

The reserve margin for treated water in Malaysia depleted between 2006-2016, also when 

the production capacity increased (Suruhanjaya Perkhidmatan Air Malaysia, 2016). In 

highly industrialised states, the classification of rivers under monitoring are mostly 

polluted, thus straining the production capacity even more due to closed treatment plants 

(Department of Environment Malaysia, 2017). Heavy metals from metal-based industries, 

such as used lead-acid batteries, are the leading causes of water pollution. Other industries 

included in the list of worst pollutants were tanneries, municipal dumpsites, chemical and 

product manufacturing, and dye industries. The critical pollutants in these industries were 

heavy metals, dyes, and pesticides (Pure Earth & Green Cross Switzerland, 2016). These 

pollutants can enter the waterways directly through partially treated wastewater and 

industrial effluents, or indirectly through leachates from the soil. 
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Heavy metals are the key pollutants in almost all industries, with lead as the metal 

most commonly found, followed by cadmium and mercury (Pure Earth & Green Cross 

Switzerland, 2016). Used batteries, metal ore processing, and mining, and metal smelting 

were the primary producers of heavy metals waste. Heavy metals are known as 

carcinogenic and hazardous to human health even if consumed at low concentration 

(Gautam et al., 2014). As such, the permissible limit for toxic heavy metals in water had 

been established in water quality guidelines produced by the World Health Organisation 

(WHO) (World Health Organization, 2011). Therefore, it is critical to treat wastewater 

containing heavy metals so that it will not exceed the limits permitted in both the effluent 

wastewater treatment and drinking water. 

Besides heavy metals, another type of pollutants that are produced as waste in a lot 

of industries is dyes. The dye pollutants are not limited to contamination from colouring 

used in textile, food, pharmaceutical, paper, and cosmetics. Dyes pollution can also be 

from the usage of preservatives and disinfectants. The appearance of colour in dyes 

polluted wastewater is physically unappealing and blocking the needed sunlight for water 

ecosystem. Classification of dyes can be based on the ionic nature of the dyes (i.e. Anionic, 

cationic, neutral). Cationic dyes are generally considered to be more toxic than anionic 

dyes (Nidheesh et al., 2018). Some dyes are classified hazardous for human health, such as 

crystal violet (CV) dye (Sigma-Aldrich, 2015) and acid green (AG) dye (National Center 

for Biotechnology Information), whereas there are others such as acid blue (AB) and 

textile dye industry effluent (TDIE) which are toxic to aquatic organisms and other 

mammals (Acros Organics, 2012; Karthikeyan et al., 2006; Sekar et al., 2009). 

The conventional methods of wastewater treatment that are commonly used are the 

chemical treatment, biological treatment, physical treatment and combination of any two 
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methods (Parsons & Jefferson, 2006). The chemical treatment uses chemicals to achieve a 

reduction of pollutants via chemical reaction, whereas biological treatment uses living 

organisms to convert the contaminants. Chemical treatment is usually specific and gives a 

fast result, but at the same time, it creates other problem such as chemical disposal issue 

(Chowdhury et al., 2014) and a high cost of chemicals used (Ronaldinho, 2013). Biological 

treatment seems to be a better option in terms of biodegradability but the time needed for 

the treatment might be longer than those chemical treatments, and it can also produce 

unwanted or harmful side products (Levchuk et al., 2014). 

On the other hand, physical treatment does not involve the change of pollutants but 

separates the pollutants from water using physical methods such as filtration and 

adsorption. Membrane filtration results in membrane fouling (Kebria et al., 2015), thus 

requires higher maintenance cost. Adsorption, however, has the advantages of simple 

design and easy operation (Bhatnagar & Sillanpää, 2010). It has been demonstrated that 

adsorption can be used to remove a wide range of water pollutants, including heavy metals 

and dyes, thus making it attractive to be used in water treatment process (Al-Senani & Al-

Fawzan, 2018; Anantha & Kota, 2018; Wawrzkiewicz et al., 2017). Current wastewater 

treatment process employs mostly activated carbon as sorbents. This is due to the 

efficiency of the commercial activated sorbents in removing pollutants (Severa et al., 2018; 

Solis et al., 2020). 

 

1.2 Problem Statement 

Commercial sorbents in adsorption are activated carbon, silica gel, and zeolites. 

However, environmental concerns on the source of sorbents are increasing. For example, 

the most commonly used commercial sorbents are activated carbon, which is produced 
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from petroleum products such as bituminous coal and charcoal (Rivera-Utrilla et al., 2011). 

These sources are finite and nonrenewable, thus raising the questions of availability and 

depletion of resources. Besides that, commercial adsorbents are expensive and have to be 

used sparingly during water treatment (Anastopoulos et al., 2017). 

Thus, the need to search for plant-based sources as a cheaper and more 

environmental friendly alternatives intensified. In recent years, numerous studies has been 

dedicated to find suitable plant-based adsorbent to supplement commercial based ones, due 

to its lower cost, availability and environmental friendly characteristics (Bhatnagar et al., 

2015). Plant-based adsorbents are chosen based on its adsorptive capacity, total biomass 

produced per plant, and potential for pollutant removal (Pappu et al., 2015).  

Banana has a lot of potential to be used as adsorbent because it is readily available, 

the biomass per plant is high, and has been studied with different pollutants. Banana is also 

a plant that grows all year long, with short time from planting to maturity and resistance to 

weather (Israeli & Lahav, 2017). Previous research has used different parts of banana, 

namely the pseudo stem, fruit peels, and empty fruit bunch to remove different types of 

contaminants (Becker et al., 2013; López-García et al., 2013; Mohammed & Chong, 2014; 

Pillai et al., 2013). However, previous works were utilising one part of banana for pollutant 

removal at a time, for example pseudo stem for Cr(VI) removal (Becker et al., 2013) and 

banana fruit peel for Cd(II) and Pb(II) removal (Anwar et al., 2010). There are needs to 

highlight the potential use of the different parts of banana plant as pollutant removal. The 

questions that need to be addressed in this study are; what are the characteristics of banana 

plant-based sorbents that assist in adsorption, and what is the behaviour of banana plant-

based sorbents during sorption process? 

 


