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Pellet Biopolymer Polyvinyl Alcohol/Alginate/Glutaraldehyde impregnated with BPAC has been 
successfully synthesized. The morphology of pellet biopolymer was observed using SEM and 

mechanical strength of pellet was investigated using Hydraulic Impact Resistance. The density of 

pellet was also investigated. The result shows that the pellets have a round shape, springy texture, 

and water content presence inside the pellet. Pellet biopolymer without BPAC have an white gel-
like bead, pellet with 0.5 g of BPAC was dark gray, and pellet with 1 g of BPAC was light gray. 
The SEM images show that the pellet biopolymer with BPAC has a dense surface area than pellet 

without BPAC. The amounts of BPAC impregnated into the pellet biopolymer affected the 

morphology of pellet biopolymer. The SEM image of pellet biopolymer with 0.5 g of BPAC shows 
that the BPAC existed on the surface of pellet biopolymer. However, the SEM image of pellet 

biopolymer with 1 g of BPAC shows that almost all of the BPAC coated into the pellet biopolymer. 

The hydraulic impact resistance shows that the amounts of BPAC impregnated into the pellet 

biopolymer affected the mechanical strength of the pellet, by considering the increasing of pellet 
biopolymer density. The obtained pellet biopolymer impregnated with BPAC could adsorb the 

copper (II) ion from aqueous solution.  
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1. INTRODUCTION 

Biopolymer is a polymer material which widely used as an 

encapsulant and mostly for drug delivery. Based on the shape, 

there are many types of biopolymers, one of them known as 

pellet or bead because the round shape of the material. Pellet 

biopolymer has also been widely used as an adsorbent for 

metal ion adsorption (Solgi et al, 2020, Singha and Guleria, 

2014, Rodriguez et al, 2006, Inbaraj, et al 2009, Vijaya et al, 

2008). Pellet biopolymer itself can be considered as an 

adsorbent by considering the existence of functional group 

attached on the surface of the pellet biopolymer. Recently, 

many researchers are using this pellet biopolymer as a coating 

material for chelating agent (Kalyani, et al, 2005, Vitali, et al, 

2006, Fertahi, et al, 2021, El Hankari, et al, 2019). The purpose 

of the chelating agent coated into the pellet biopolymer is to 

minimize the adsorbate loss during the separation process and 

also to ease the separation process. Solvent extraction is 

generally a liquid-liquid extraction and is really difficult to 

separate between the aqueous phase and organic phase. In 

order to minimize the loss during the separation, many 

researchers developed the liquid-solid extraction method by 

using an adsorbent as a solid phase (organic phase) and liquid 

phase for adsorbate (aqueous phase). However, many of the 

adsorbent in solid phase have a micro or nanosize. The small 

size of adsorbent cause the suspension of the adsorbent into the 

water and lead to the difficulty in the separation process. 

Therefore, the particle size of the adsorbent is necessarily 

needed to be improved by impregnated into the pellet 

biopolymer.  

In this research, banana peel activated carbon (BPAC) 

will be used as an adsorbent and alginate (Alg) will be used as 

pellet biopolymer because the ability in hydrogels formation 

(Xiao, et al., 2019). However, alginate is a water soluble 

compound by considering the hydrophilicity of the alginate. 

Therefore, alginate are cross-linked with polyvinyl alcohol 

(PVA) using calcium chloride (CaCl2) (Inda, et al., 2018) to 

increase the mechanical streangth of the pellet. Polyvinyl 

alcohol is a synthetic biopolymer that has biocompatibility, 

high elasticity and mechanical strength properties that can 

stabilize alginate (Xiao, et al., 2019). Banana peel activated 

carbon (BPAC), PVA and alginate are materials that are 

environmentally friendly materials. Furthermore, PVA/Alg 

pellet biopolymer impregnated with BPAC will be further 

crosslinked with glutaraldehyde (GA) (Komatsu, et al., 2015) 

by considering the results of Aprilia's research (2021) that the 
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amount of banana peels, size 60 mesh, impregnated into the 

PVA/Alg pellet biopolymer affected the mechanical strength 

of the material wall. Glutaraldehyde (GA) has unique 

characteristics so that it is one of the most effective protein 

crosslinking agents. In addition, GA has aldehyde groups 

which are highly reactive and can form a covalent bonds with 

functional groups such as hydroxyl, phenol, amine, thiol, and 

imidazole. 

This research aims to synthesize PVA/Alg/GA pellet 

biopolymer containing BPAC, characterisation of pellet 

biopolymer and also the adsorption ability of pellet as an 

adsorbent in copper (II) ion adsorption. 

2. MATERIALS AND METHOD 

2.1 Materials 

The materials used in this research were banana peel waste, 

distilled water, ammonium sulfate, PVA, alginate, 

glutaraldehyde, ZnCl2, 0.1 M KMnO4, 0.1 M HCl, NaOH, 

H2SO4, 10 wt% CaCl2, CuSO4. 5H2O, pH 6.8 buffer, and 

whattman 41 filter paper. 

2.2 Methods 

2.2.1 Preparation of Banana Peel Activated Carbon (BPAC) 

Rippen banana peel (Musa paradisiaca) (yellow) were washed 

with water until clean, then cut into small pieces, then dried. 

The dried banana peel was cabonized in furnace and activated 

using activator ZnCl2 and KMnO4. 

2.2.2 Preparation of PVA/Alg/GA Pellet Biopolymer Impreg-

nated with BPAC [8] 

Various mass of BPAC with 0 ; 0.5 and 1% were added into a 

solution containing PVA, alginate and distilled water, and 

stirred until homogen. The mixture was dropped into a CaCl2 

solution and allowed to solidify and formed a pellet. The 

PVA/Alg pellet biopolymer the immersed into glutaraldehyde 

solution. The obtained PVA/Alg/GA pellet biopolymer 

containing BPAC was rinsed using distilled water until the pH 

was neutral and soaked in distilled water until used. 

2.2.3 Morphological Observation of PVA/Alg/GA Pellet 

Biopolymer Impregnated with BPAC 

The morphology of pellet biopolymer was observed using a 

Scanning Electron Microscope (SEM). 

2.2.4 Mechanical Strength of PVA/Alg/GA Biopolymer Pellets 

The mechanical strength of PVA/Alg/GA pellet biopolymer 

was measured by the Hydraulic Impact Resistance method. 

The retention rate of undamaged beads is calculated by the 

equation:  

Damage Ratio Rate = 
𝑁𝑡

𝑁𝑜
𝑥 100%         (1) 

2.2.5 Extraction of Heavy Metal Ions using PVA/Alg/GA 

Biopolymer Pellets [8] 

An amount of 0,2 g of pellet biopolymer was added into the 30 

mL copper (II) solution, shaking for 24h and measured using 

AAS. The amount of copper adsorbed into the pellet 

biopolymer was calculated using equation (2).  

Adsorption Efficiency = 
 𝐶𝐶𝑢,𝑖𝑛𝑖−𝐶𝐶𝑢,𝑎𝑞

𝐶𝐶𝑢 ,𝑖𝑛𝑖 
 ×  100%               (2) 

where CCu,ini is the initial concentration of copper(II) ions in 

aqueous solution and CCu,aq is the concentration of copper(II) 

ions after extraction in aqueous solution. 

3. REGIONAL GEOLOGY OF RESEARCH AREA 

3.1 Preparation of Banana Peel Activated Carbon (BPAC) 

Banana peel activated carbon was successfully prepared. The 

BPAC was then activated using activator ZnCl2 and KMnO4 

and analysis unsing Scanning Electron Microscope (SEM). 

The SEM image shows that the BPAC has many pore on the 

surface area of activated carbon after activated using activator. 

 

  
(a) 

 
(b) 

 

Figure 1 (a) BPAC  (b) SEM Image of BPAC 

 

3.2 Preparation of Pellet biopolymer PVA/Alg/GA 

Impregnated with BPAC 

Prepartion of PVA/Alg/GA pellet biopolymer impregnated 

with BPAC has been successfully carried out. The result shows 

that the pellets have a round shape, springy texture, and water 

content presence inside the pellet. Pellet biopolymer without 

BPAC has an white gel-like bead (Figure 2 (i)), pellet with 0.5 

g of BPAC was dark gray (Figure 2 (ii)), and pellet with 1 g of 

BPAC was light gray (Figure 2 (iii)). The discoloration of 

pellet biopolymer is caused by the different color between 

BPAC and pellet. Therefore, when the BPAC impregnated into 

the pellet, the discoloration occured from white to light and 

dark grey for 1 g and 0.5 gram of BAPC, respectively.  
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Figure 2. (i) PVA/Alg/GA pellet biopolymer without BPAC; (ii) PVA/Alg/GA with 0.5 g BPAC ; (iii) PVA/Alg/GA with 1 g BPAC 

 

 

3.3 Morphological Observation of PVA/Alg/GA Pellet 

Biopolymer Impregnated with BPAC 

Morphological observation of pellet biopolymer PVA/ Alg/ 

GAimpregnated with BPAC was carried out using a Scanning 

Electron Microscope (SEM). The SEM images can be seen in 

Figure 3.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 3. (a) Pellet biopolymer without BPAC, (b) pellet 

biopolymer with 0.5 g BPAC, (c) pellet biopolymer with 1 g BPAC 

     The SEM images show that the pellet biopolymer without 

BPAC has a grinding surface and pore. Whereas pellet 

biopolymer with 0.5 g of BPAC has a dense surface area, 

BPAC existed on the surface of the pellet and also a crack on 

the surface area. BPAC on the surface area of pellet found to 

be mostly have a square shape and spread out through the 

surface area of pellet and seen to be attached on the surface 

area of the pellet. Furthermore, pellet biopolymer with 1 g of 

BPAC found to have a dense surface area, grinding on the 

surface area and no BPAC presence on the surface area of the 

pellet. It can be considered that almost all of the BPAC have 

not attached on the surface area of pellet but have been coated 

into pellet biopolymer. The pellet biopolymer with 0.5 g of 

BPAC has a smoother surface area than pellet with 1 g of 

BPAC.  

3.4 Mechanical Strength of PVA/Alg/GA Biopolymer 

Pellets  

Mechanical strength using the Hydraulic Impact Resistance 

shows that the amount of BPAC impregnated into pellet 

biopolymer affected the mechanical strength of pellt 

biopolymer. Pellet biopolymer with 1 g of BPAC activated 

using ZnCl2 have a better mechanical strength than pellet 

biopolymer with 0.5 g of BPAC activated using ZnCl2 with the 

stability level of 94%. Whereas pellet biopolymer with 0.5 g 

of BPAC activated with KMnO4 show a better mechanical 

strength than pellet biopolymer containing 1 g of BPAC 

activated with KMnO4 with stability level of 98%. This is due 

to the KMnO4 in acidic solutions such as HCl and 

glutaraldehyde will act as a strong oxidizing agent, where 

MnO- will react with H+, form a OH- and release into the 

aqueous solution, and form a Mn2+. In neutral solutions, the 

oxidation of potassium is secondary, and the resulting 

reduction product is manganese dioxide. Meanwhile, in 

alkaline solution, the oxidation of potassium permanganate is 

weak because oxygen atoms do not easily to release, so they 

are reduced to manganese acid radical ions (Stastn, 2017). 

3.5 Extraction of Heavy Metal Ions using PVA/Alg/GA 

Biopolymer Pellets [8] 

The pellet biopolymer containing BPAC can be used as an 

adsorbent for copper (II) ion. The adsorption efficiency of 

copper (II) ion using pellet biopolymer containing BPAC is 

approximately 80% where 3.03 ppm for pellet biopolimer 

containing BPAC activated using ZnCl2 and 3.675 ppm for 

pellet biopolymer containing BPAC activated using KMnO4. 

These data indicate that PVA/Alg/GA pellet biopolymer 

containing BPAC can be recommended as an alternative 

(iii) (i) (ii) 
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adsorbent in the field of advanced materials to overcome 

environmental pollution caused by copper (II) metal ions. 

4. CONCLUSION 

Pellet biopolymer PVA/Alg/GA containing BPAC show a 

have a round shape, springy texture, and water content 

presence inside the pellet. Pellet biopolymer impregnated with 

ZnCl2 and KMnO4, activated banana peel and activated carbon 

(BPAC) can be used as an adsorbent in adsorbing copper (II) 

metal ion with adsorption efficiency is approximately 80%.  
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