
 

Abstract— Currently, the nanotechnology adsorption method is 

regarded as the most promising method for water decontamination. 

Among nanomaterials adsorbents, biopolymer-based nanocomposite 

materials have attracted significant research attention because they 

possess multifunctional properties beneficial for removing different 

types of pollutants from wastewater. Therefore, the main focus of this 

study is to synthesize and characterize a biopolymer-based 

nanocomposite, i.e., phosphorylated chitosan cross-linked multiwalled 

carbon nanotubes doped silver-titanium dioxide nanoparticles 

(pCh-MWCNTs@Ag-TiO2). The biopolymer nanocomposite was 

synthesized using combined phosphorylation and cross-linking 

polymerization methods. Then, it was characterized using thermal 

gravimetric analysis, a range of spectroscopy, and microscopy 

techniques. The developed pCh-MWCNTs@Ag-TiO2 will be used as 

a potential multifunctional nano-sorbents for the simultaneous 

removal of diverse pollutants from wastewater. 

 
Keywords— :Biopolymer, nanocomposite, nano-sorbents, 

phosphorylation, cross-linking polymerization.  

I. INTRODUCTION 

Water is essential in many aspects of human life such as 

health, food, economy and energy. However, the access to safe 

drinking water around the world and especially in southern 

Africa has been limited [1]. For instance, water scarcity due to 

climate change and its pollution by increase industrial activities, 

sewages and domestic wastes are currently the major concern. 
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In order to resolve the issue, various water treatment techniques 

have been employed. Among these water treatment techniques, 

the nanotechnology adsorption method is currently regarded as 

the most promising method for water decontamination [1,2].  

This nanotechnology adsorption method involves the use of 

nanomaterials as adsorbents.  However some of these 

nanomaterials adsorbents are not used to their full potential, due 

to their specificity to certain type of pollutants and the surface 

area of the adsorbent material affecting the adsorption 

efficiency. Therefore, the challenge is to develop nanomaterial 

adsorbents with high adsorption efficiency and capable of 

removing various classes of pollutants including emerging 

pollutants from wastewater to accepted regulatory levels [3,4].  
In this perspective, biopolymer-based nanocomposite 

materials have attracted great research attention. They can be 

defined as polymer nanocomposites made of non or less toxic 

nanomaterials using naturally derived polymers such as chitosan 

(non-toxic, biodegradable, environmental green, and 

biocompatible) as polymer matrix [5–8]. These 

biopolymer-based nanocomposites are made of multi phases 

where one of the phases has nanoscale additives. They possess 

excellent multifunctional properties resulting from each 

component’s combination. These excellent multifunctional 

properties are vital for their use in various applications and to 

remove also different types of pollutants including emerging 

pollutants from wastewater [9,10]. 
Furthermore, these biopolymer-based nanocomposites can be 

synthesized using a variety of methods based on ex-situ or 

in-situ techniques. The in-situ technique is known as chemical 

methods (e.g., precipitation, reduction, impregnation, sol-gel, 

oxidation, cross-linking polymerization, and electrospinning 

method) and it refers to the direct production of the inorganic 

metal or metal oxide NPs in the polymer matrix solution used as 

a reaction medium. 

On the other hand, the ex-situ technique is known as physical 

methods and requires first the preparation of the NPs, followed 

by their addition to the polymer matrix used as a dispersion 

medium. Among these two techniques, the in-situ technique is 

mostly recommended because it favors the polymer matrix (e.g., 

chitosan) to act both as a stabilizer or capping agent in order to 

prevent the agglomeration of NPs, control the size and the shape 

of the NPs during the preparation process [5,6,9,11]. Therefore, 
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the most significant contribution of this research study was to 

develop a simple on-pot synthesis using in-situ method to obtain 

phosphorylated chitosan cross-linked multiwalled carbon 

nanotubes doped silver-titanium dioxide nanoparticles 

(pCh-MWCNTs@Ag-TiO2) to be used as a potential 

multifunctional nano-sorbents for the simultaneous removal of 

diverse pollutants from wastewater.  

II. EXPERIMENTAL METHODOLOGY 

A. Materials and Chemicals 

MWCNTs (purity > 90%), Titanium tetraisopropoxide 

(TTIP), N,N Dimethylformamide (DMF, 99.9 %), 

Hexamethylene diisocyanate (HMDI, 98.0 %), raw chitosan, 

phosphoric acid (H3PO4, 85%), 1-butanol (99,8%), triethyl 

phosphate (Et3PO4), phosphorous pentoxide (P2O5), acetone 

were purchased from Sigma-Aldrich, South Africa. Silver 

nitrate (99.8 %), Sulfuric acid (H2SO4) 98,08% and nitric acid 

(HNO3) 55% were obtained from Rochelle Chemicals, South 

Africa. 

B. Synthesis of the biopolymer nanocomposites 

Preliminary studies were first conducted such as 

phosphorylation of chitosan and functionalization of 

MWCNTs. The phosphorylation of chitosan was conducted as 

illustrated in scheme 1 and reported in previous literature [12]. 

On the other hand, the functionalization of MWCNTs to 

obtained oxidized MWCNTs (oxiMWCNTs) was achieved by 

acid treatment using a mixture of sulfuric and nitric acid (ratio = 

3:1) as described in previous studies [13,14]. 

  

 
Scheme 1: Phosphorylation of chitosan [12]. 

The one-pot synthesis of the biopolymer nanocomposites by 

cross-linking polymerization was achieved as follow: 0.251g of 

phosphorylated chitosan (pCh) and 0,0140g of OxiMWCNTs 

(obtained in preliminary studies) were dispersed in 15 ml of 

DMF while stirring for 30 min under nitrogen gas and followed 

by the addition of the cross-linking agent HMDI (4ml) at room 

temperature to the reaction mixture. Then, the reaction 

temperature was increased to 60ºC and allowed to reflux for 24 

h. After 24h, a solution mixture of TTIP (0.5 ml) and AgNO3 

(0.0128 g) (previously dispersed in 20 ml DMF) was added to 

the polymer solution (in the 3 necks round flask covered with a 

foil paper) while stirring under inert atmosphere. Then, the 

polymerization reaction was allowed to continue and reflux at 

60ºC for 24h. After the 24 h, the polymerization reaction was 

stopped and the solution was allowed to age for 3 days; then an 

excess of acetone was added to the polymer solution in order to 

precipitate the product. To allow the complete precipitation 

reaction to occur, the solution was kept in the fridge for 24h. 

Finally, the solution was filtrated to recover the precipitate 

which was dried under vacuum. The product obtained was in 

good yield (3.87 g). 

C. Characterization techniques 

The developed biopolymer nanocomposite 

pCh-MWCNTs@Ag-TiO2 and the intermediate product 

(pCh-MWCNTs) were characterized using thermal gravimetric 

analysis, BET method, Fourier-transform infrared (FTIR), 

X-ray diffraction (XRD), and scanning electron microscopy 

coupled with energy dispersive X-ray (SEM-EDX) 

spectroscopy. 

III. RESULTS AND DISCUSSION 

The synthesized biopolymer nanocomposite pCh-MWCNTs 

physically appears as a light grey powder whereas 

pCh-MWCNTs@Ag-TiO2 looks more as dark green crystals. 

FTIR analysis (Fig. 1) was conducted in order to confirm the 

different functional groups present on the surface of the 

polymers synthesized. The strong absorption band ranging from 

3443 cm
−1

 to 3337 cm
-1

 can be assigned to O-H and N-H 

stretching vibrations. The peaks around 2933 cm
-1

 and 2860 

cm
-1

 can be attributed to the asymmetric and symmetric C-H 

stretching in CH2 bonded to oxygen. The peak between 2067 

cm
-1

 and 2000 cm
-1

 correspond to the C-H bending vibrations in 

aromatic group. The C=O group of the carbamate linkage 

NH(CO) (which confirms the polymerization) was observed 

around 1685 cm
-1

 and 1530 cm
-1

. The phosphate groups such as 

P=O stretch (1110 cm
-1

) and P-O stretch (1090 cm
-1

) were also 

observed. The peak observed at 1380 cm
-1

 corresponds to the 

Ti-O-C group in the pCh-MWCNTs@Ag-TiO2 polymer. 

Furthermore, it is important to note that these electron rich 

functional groups are suitable for the chelation of metal cations, 

and removal of organic pollutants via various mechanism 

[2,13]. 

Fig. 2 illustrates the TGA curves of the developed 

biopolymer nanocomposites. TGA analysis was conducted to 

evaluate the thermal stability of the synthesized polymers. From 

the result obtained, three different parts of thermal 

decomposition can be noticed. The first thermal decomposition 

(from 50°C to 200°C) corresponds to the loss of moisture or 

water and solvents present in the biopolymer nanocomposites 

prepared. Then, the second part, from 250°C to below 400°C, 

can be assigned to the decomposition of the carbamate groups in 

the polymer. Finally, the third thermal decomposition (400°C to 

above) can be ascribed to the decomposition of the MWCNTs 

present in the polymers and the complete decomposition of the 

chitosan polymer skeleton. 
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Fig.1. FTIR spectra of the synthesized biopolymer nanocomposites 
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Fig. 2. TGA curves of the developed biopolymer nanocomposites. 

  

Table 1 presents the BET results of the biopolymer 

nanocomposites prepared. BET analysis was done to determine 

the surface area and the pore size of the developed polymers. In 

general, from the results obtained, the surface area of the 

biopolymer nanocomposites synthesized were low; this could 

be due to the harsh degassing conditions used before BET 

analysis. These harsh degassing conditions could have affected 

the materials, hence resulting to a low surface area. However, 

the surface area of pCh-MWCNTs polymer was the highest.  

Fig. 3. shows the XRD patterns of the biopolymer 

nanocomposites synthesized. XRD analysis was conducted in 

order to confirm the purity and the crystallinity of the polymer 

prepared. From the results observed, we can clearly see that the 

major peaks obtained are broad amorphous peaks. Only few 

crystalline peaks were observed on the XRD patterns of the 

pCh-MWCNTs polymer and phosphorylated chitosan. 

Therefore, one can confirm that chitosan is a semi-crystalline 

polymer; however, the crystallinity in the polymer chain of 

chitosan is destroy when chitosan is further modified 

(functionalized) with additional nanomaterials. 

Fig. 4 and Fig. 5 present the SEM micrographs and the EDS 

spectra of the biopolymer nanocomposites prepared. From the 

pictures obtained, the surface morphologies of these biopolymer 

nanocomposites look like a porous and sponge material. In 

addition, the EDS spectra obtained confirm the elemental 

composition of the synthesized biopolymer nanocomposites. 
   TABLE I: RESULTS SUMMARY OF THE BET SURFACE AREA ANALYSIS 

 

Nano-sorbent Polymers Surface 

Area 

(m
2
 / g) 

          Pore size 

(nm) 

pCh-MWCNT@Ag-TiO2 0.5784 1811.7 

pCh-MWCNT 7.4696 15688 
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Fig. 3. XRD patterns of the polymers prepared. 

 

Fig. 4. SEM and EDS spectrum of pCh-MWCNTs@Ag-TiO2 

biopolymer nanocomposite. 
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Fig. 5. SEM and EDS spectrum of pCh-MWCNTs biopolymer 

nanocomposite. 

 

IV. CONCLUSION AND FUTURE WORK 

The  developed pCh-MWCNT@Ag-TiO2 biopolymer 

nanocomposite was successfully synthesized, characterized and 

has demonstrated good characteristic properties. The developed 

pCh-MWCNTs@Ag-TiO2 will be used as a potential 

multifunctional nano-sorbents for the simultaneous removal of 

diverse pollutants from wastewater in our future work. 
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