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Abstract 

 

This thesis covers both the use of Ca-Alg2 hydrogels in water treatment and drug 

delivery system. Ca-Alg2 and Ca-Alg2/GO gel bead adsorbents fabricated for the 

removal of Cu2+ ions from aqueous solution. The influence of the use of different 

adsorbent doses, Cu2+ concentrations and contact time on the adsorption process was 

demonstrated that the larger surface area of GO and oxygen containing functional 

groups on the GO surface plays a strong role in increasing the adsorption capacity of 

Ca-Alg2. 

 

 Chapter two discusses the loading of RB, Rubpy and CPT into Ca-Alg2 hydrogel 

using the in situ addition method. The influence of the pH of the released medium 

affected on the release of both of dye and drug from Ca-Alg2 hydrogel. The 

molecular weight and the charge of the dye or drug play an important role in the 

releas process from Ca-Alg2 hydrogel. Furthermore, the release kinetic studies for 

both of dye and drug revealed that the release mechanisms of the three molecules at 

pH ~ 2.4 occurred via Fickian diffusion and Case II transport. However, at pH ~ 7.4, 

the release mechanisms was an anomalous transport.  

 

This thesis also focused on synthesis and characterisation of β-CD-g-Alg. The 

characterisation of the CPT inclusion complexes (CPT/β-CD and CPT/β-CD-g-Alg) 

confirmed that the inclusion complexes were produced, and the results indicated that 

the amino quinoline group for CPT molecule is included into the β-CD cavity. 

Furthermore, the thermal analysis shows that the ratio of Na-Alg to β-CD appears to 



 

 ix 

be 2:1. The last section details the release profile of CPT from both inclusion 

complexes using the dialysis technique, and Fick’s second law was used to analyse 

the release data. It was found that β-CD prolonged the release of CPT with initial 

burst release and reached the equilibrium after 9 days. However, the release of CPT 

from the CPT/β-CD-g-Alg inclusion complex did not show the initial burst release 

and the equilibrium was reached after 13 days. This result indicates that Na-Alg 

increased the solubility of CPT/β-CD inclusion complex and enhanced the formation 

of CPT/β-CD. 
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Thesis guide 

Objectives of the research 

The main objectives of this thesis were to introduce methods for the preparation of an 

efficient material from sodium alginate for use as an adsorbent in water treatment and 

as a delivery vehicle in a drug delivery system. In order to achieve these objectives 

detailed descriptions of the milestones were as follows:  

1- Calcium alginate (Ca-Alg2) and calcium alginate with encapsulated graphene 

oxide (Ca-Alg2/GO) gel bead adsorbents were fabricated. The ability of Ca-

Alg2 and Ca-Alg2/GO gel beads to remove copper ions from aqueous 

solutions was investigated by varying the parameters; adsorbent doses, Cu2+ 

concentrations and contact times. The kinetic studies of the adsorption process 

were investigated.  

 

2- The Ca-Alg2 hydrogel was loaded with three different molecules; rose Bengal 

(RB), Tris(2,2’-bipyridyl) dichlororuthenium (II) hexahydrate (Rubpy) and 

camptothecin (CPT). Release of the three molecules from Ca-Alg2 hydrogel at 

different pH’s were monitored using UV-vis or fluorescence spectroscopies. 

The release mechanisms of RB, Rubpy and CPT from the Ca-Alg2 hydrogels 

were studied using Ritger-Peppas and Weibull models. The diffusion 

coefficients of RB, Rubpy and CPT were determined using the Ritger-Peppas 

model.   

 

3- β-cyclodextrin grafted sodium alginate (β-CD-g-Alg) was prepared and 

characterised. Subsequently, CPT inclusion complexes with β-CD (CPT/ β-

CD) and β-CD-g-Alg (CPT/ β-CD-g-Alg) were fabricated and characterised 

using the a variety of scientific techniques such as attenuated total reflection- 

Fourier transform infrared (ATR-FTIR) and proton nuclear magnetic 

resonance (1H NMR) spectroscopies.  
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4- The ability of the CPT/ β-CD-g-Alg inclusion complex in retarding the 

release of CPT was investigated and compared with the release of free CPT 

and CPT from CPT/ β-CD inclusion complexes. The diffusion coefficient 

values were then determined using Fick’s second law.  

 

Layout of thesis 

This thesis consists of seven chapters wherein Chapter 1 describes the introduction of 

the polysaccharide polymer, sodium alginate and a literature review on Na-Alg as an 

adsorbent material in water treatment and as a delivery vehicle in drug delivery 

systems. The materials and the experimental procedures used throughout this thesis 

are described in Chapter 2. In this chapter, a brief description of the analytical 

instruments used throughout the studies is also given. Chapter 3 describes the 

preparation of Ca-Alg2 and Ca-Alg2/GO gel bead adsorbents, and their ability in the 

removal of Cu2+ ions from aqueous solutions is investigated.  The release profiles of 

RB, Rubpy and CPT from the Ca-Alg2 hydrogels are demonstrated in Chapter 4. Here 

the release mechanisms of RB, Rubpy and CPT are explained and the diffusion 

coefficients calculated. In Chapter 5, β-CD-g-Alg, CPT/ β-CD and CPT/ β-CD-g-Alg 

inclusion complexes are synthesised and characterised. In Chapter 6 the release 

profiles and the diffusion coefficients of CPT from CPT/ β-CD and CPT/ β-CD-g-Alg 

inclusion complexes were investigated. Chapter 7 concludes the previous chapters.    

 

 

 

  

 


