
SUBMISSION FOR EVALUATION 
FINAL YEAR PROJECT 2 - RESEARCH PROJECT 

SYNTHESIS AND CHARACTERIZATION OF CHITOSAN MODIFIED 
ORANGE PEEL EXTRACT FOR ADSORPTION OF REACTIVE BLACK 5 

DYE 

Name     : Fatimah Azzahra Binti Mustapa Kamal 

Student ID : 2023399751 

Program : AS245 

Course code : FSG671 

Mobile Phone : 011-64075022

E-mail : 2023399751@student.uitm.edu.my 

Approval by Main Supervisor : 

I certify that the work conducted by the above student is completed and approve 
this report to be submitted for evaluation. 

Supervisor’s name : Ts. Dr. Abu Hassan Bin Nordin 

Date  : 1/8/2025 

Turnitin Similarity % : 16% 

Signature  : 



 
 

SYNTHESIS AND CHARACTERIZATION OF CHITOSAN 

MODIFIED ORANGE PEEL EXTRACT FOR ADSORPTION 

OF REACTIVE BLACK 5 DYE 

 

 

 

 

 

 

 

 

 

 

 

FATIMAH AZZAHRA BINTI MUSTAPA KAMAL 

 

 

 

 

 

 

 

 

 

 

 

 

BACHELOR OF SCIENCE (Hons.) APPLIED CHEMISTRY 

FACULTY OF APPLIED SCIENCES 

UNIVERSITI TEKNOLOGI MARA 

 

 

 

 

AUGUST 2025



 
 

SYNTHESIS AND CHARACTERIZATION OF CHITOSAN MODIFIED 

ORANGE PEEL EXTRACT FOR ADSORPTION OF REACTIVE BLACK 

5 DYE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FATIMAH AZZAHRA BINTI MUSTAPA KAMAL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Final Year Project Submitted in  

Partial Fulfilment of the Requirements for the  

Degree of Bachelor of Science (Hons.) Applied Chemistry  

in the Faculty of Applied Sciences,  

Universiti Teknologi MARA 

 

 

 

 

AUGUST 2025



 
ii 

 

TABLE OF CONTENTS 

 

 

 Page 

ACKNOWLEDGEMENTS i 

TABLE OF CONTENTS ii 

LIST OF TABLES v 

LIST OF FIGURES vi 

LIST OF SYMBOLS  viii 

LIST OF ABBREVIATIONS  x 

ABSTRACT xi 

ABSTRAK xii 

CHAPTER 1 INTRODUCTION  

1.1    Research Background 1 

1.2    Problem Statement 4 

1.3    Objectives of Study 6 

1.4    Significance of study 6 

1.5    Scope and Limitation of Study 

 

7 

CHAPTER 2 LITERATURE REVIEW  

2.1    Type of Dye Wastewater 9 

2.2    Adsorption of Dye Wastewater 17 

2.2.1    Type of Adsorbents 20 

2.2.1.1    Conventional Adsorbent 20 

2.2.1.2    Non-conventional Adsorbent 23 

2.3    Chitosan 25 

2.4    Modified Chitosan 33 

          2.4.1    Chitosan Nanocomposites  33 

          2.4.2    Chitosan cross-linked 37 

2.4.3    Chitosan films 41 



 
xi 

 

ABSTRACT 

 

SYNTHESIS AND CHARACTERIZATION OF CHITOSAN MODIFIED 

ORANGE PEEL EXTRACT FOR ADSORPTION OF REACTIVE BLACK 

5 DYE 

 

Chitosan, a non-toxic and biodegradable biopolymer, is commonly used as an 

adsorbent for pollutant removal, including dyes, from wastewater. however, its low 

adsorption capacity and solubility in acidic media limit its application. to address 

these limitations, can be modified both physically and chemically to enhance its 

physicochemical properties. In this study, chitosan was modified using orange peel 

extract (chitosan-OPE) to enhance its absorptivity towards the removal of Reactive 

Black 5 (RB5). The results showed that the optimum conditions for preparing 

chitosan-OPE were 2.89 g of chitosan, 33.33 mg/l of OPE and 1 hour of 

impregnation time. The adsorbent then was characterised using Fourier Transform 

Infrared Spectroscopy (FTIR), Field Emission Scanning Electron Microscopy 

(FESEM), Brunauer-Emmet-Teller (BET), and Point Zero Charge (PZC) analysis. 

The best adsorption conditions in a batch system were 30 minutes of contact time, 

initial dye concentration of 50 mg/l, adsorbent dosage of 0.01 g, temperature of 27 

ºC and solution pH of 3, with the percentage removal of 89.91 %, and adsorption 

capacity of 224.78 mg/g. the adsorption data in the batch system fitted well to the 

pseudo-second order model, indicating chemisorption process. For isotherm study, 

the data followed by Langmuir model with the maximum adsorption of 579.76 

mg/g. A thermodynamics analysis showed that the adsorption was exothermic, 

spontaneous and feasible. In conclusion, chitosan-OPE was successfully 

synthesised using green materials with simple preparation methods. Thus, 

demonstrated significant potential as an effective adsorbent for RB5 removal, 

offering a promising solution for wastewater treatment. 

  




