
 
                            
 

 
 

  
      Faculty of Women for 

  Arts, Science and Education 

          Cairo, Egypt. 

     

  
PREPARATION AND CHARACTERIZATION 

OF SOME METAL OXIDE NANOCATALYSTS 

FOR REMOVAL OF HEAVY METALS FROM 

AQUEOUS SOLUTION 

 

A Thesis Presented 

To 

Faculty of Women for Arts, Science and Education 

Ain Shams University 

 
By 

Amira Maher Mahmoud Ali 

For 

Submitted for the Degree of Master of Science  

(Physical Chemistry) 

 

 

2015 





 
                            
 

 
 

 
     Faculty of Women for      

 Arts, Science and Education 

          Cairo, Egypt. 

 
PREPARATION AND CHARACTERIZATION 

OF SOME METAL OXIDE NANOCATALYSTS 

FOR REMOVAL OF HEAVY METALS FROM 

AQUEOUS SOLUTION 

 
A Thesis 

Submitted for Partial Fulfillment of the Requirement for the 

Degree of Master of Science  

(Physical Chemistry) 

Presented by 

Amira Maher Mahmoud Ali 

 
Supervisors 

Prof. Dr. Nadia A. Youssef 
Prof. of Physical Chemistry 

Faculty of Women,  

Ain Shams University, Egypt.  

 

Dr. Seham A. Shaban                            Dr. Fatma A. Ibrahim 
   Asst. Prof. of Physical Chemistry                              Lecturer of Physical Chemistry 

   Egyptian Petroleum Research Institute                              Faculty of Women,       

                 (EPRI).                                                            Ain Shams University, Egypt. 

                                                                       

2015 





 
                            
 

 
 

 
      Faculty of Women for 

  Arts, Science and Education 

          Cairo, Egypt. 

 

 

Student Name              :  Amira Maher Mahmoud Ali 

Scientific Degree          :  B.Sc 

Department                  :  Chemistry 

Name of Faculty           :  Faculty of Women  

University                      :  Ain Shams University. 

B.Sc. Graduation Year:  2010  

M.Sc. Graduation Year:  2015 

 

 

 

 

 

 

 





 
                            
 

 
 

 
      Faculty of Women for 

  Arts, Science and Education 

          Cairo, Egypt. 

     

  
PREPARATION AND CHARACTERIZATION OF 

SOME METAL OXIDE NANOCATALYSTS FOR 

REMOVAL OF HEAVY METALS FROM AQUEOUS 

SOLUTION 

 

Supervised by:                                                                Approved 

Prof. Dr. Nadia A. Youssef 

Prof. of Physical Chemistry 

 

Dr. Seham A. Shaban 

Asst. Prof. of Physical Chemistry 

 

Dr. Fatma A. Ibrahim 

Lecturer of Physical Chemistry 

                                                                         Approved 

                               Head of Chemistry Department 

   Prof. Dr. 

 

 

  





 
Acknowledgement                       

 

 
 

  

  

 

 

 

  

 

 

 





 

                                                                Acknowledgement 

 

  

 

ACKNOWLEDGEMENT 

I am deeply thankful to Allah, lord of the worlds for 

showing me the right path and helping me to complete this 

work.   

I would like to express my deep respect, sincere and 

appreciation to Prof. Dr. Nadia Abd Hakim Youssef, Prof. of 

physical chemistry (Faculty of Women, Ain Shams University) 

for her sincere supervision, for suggesting the point of this 

research, for her continuous advice, guidance, respective 

suggestions, fruitful discussions and facilities which she 

offered me through the progress and finishing this work. 

Deep thanks to Dr. Seham Ali Shaban Assistant. Prof. of 

physical chemistry (Egyptian Petroleum Research Institute) for 

the supervision, her valuable assistance and guidance in my 

entire experimental work, her kindness and encouragement 

during this work. 

I really appreciate the efforts of Dr. Fatma Abd Elsamea 

Ibrahim, lecturer of physical chemistry (Faculty of Women, 

Ain Shams University) for her supervision, support, continuous 

help, and valuable advices and for helping me in revision and 

writing this work. 



 

                                                                Acknowledgement 

 

  

 

My thanks extend also to all the staff members and my 

colleagues at Faculty of Women for their cooperation and 

encouragement during this work. 

 

 

 

 

 

 

    

 



 

Contents 

 

  

CCOONNTTEENNTTSS  

  
 Page 

ACKNOWLEDGEMENT  

LIST OF TABLES I 

LIST OF FIGURES IV 

LIST OF ABBREVATIONS VIII 

AIM OF THE WORK IX 

ABSTRACT X 

CHAPTER I 

INTRODUCTION 

I.1.    Metal Oxides. 1 

I.2.    Synthesis of Nanoparticle Oxides. 1 

I.2.1. Sol-gel processing. 1 

I.2.2. Microemulsion technique. 2 

I.2.3. Solvo-thermal methods. 2 

I.2.4. Template/Surface derivatives methods. 3 

I.2.5. Multiple-pulsed laser deposition. 3 

I.2.6. Co-precipitation methods. 3 

I.2.7. Organic solvent method. 4 

I.2.8. Microwave irradiation method. 4 

I.3.   Application of Metal Oxides in Removal of Heavy Metals. 4 

I.4.   Pollution of Water. 5 

I.5.   Water Pollution in Egypt. 7 

I.6.    Heavy Metals. 8 

I.6.1. How are people exposed to heavy metals? 9 

 



 

Contents 

 

  

I.6.2. What are the symptoms of “chronic” heavy metal 

poisoning?            

10 

I.6.3. Lead and its impact on human health. 11 

I.6.4. Manganese and its impact on human health. 12 

I.6.5. Zinc and its impact on human health. 12 

I.6.6. Cadmium and its impact on human health. 13 

I.6.7. Copper and its impact on human health. 13 

I.6.8. Mercury and its impact on human health. 14 

I.6.9. Nickel and its impact on human health. 15 

I.7.   Heavy Metal Wastewater Treatment Techniques. 16 

I.7.1. Chemical precipitation. 17 

I.7.2. Ion-exchange. 17 

I.7.3. Membrane filtration. 18 

I.7.4. Coagulation and flocculation. 18 

I.7.5. Adsorption. 19 

I.8.   Adsorption Phenomena and Standard Isotherms. 22 

I.9.   Adsorption Mechanism. 25 

I.9.1. Langmuir adsorption equation. 26 

I.9.2. Freundlish adsorption equation. 30 

CHAPTER II 

EXPERIMENTAL 

ΙΙ.1.   Starting Materials. 32 

ΙΙ.2.   Adsorbate.   33 

II.3.   Adsorbent. 33 

II.3.1. Preparation of metal oxides (nickel oxide, cobalt oxide     

           and iron oxide) by precipitation method. 

33 

 

 



 

Contents 

 

  

II.3.2. Preparation of metal oxide (nickel oxide, cobalt oxide             

and iron oxide) by organic solvent method. 

34 

II.3.3. Preparation of metal oxide (nickel oxide, cobalt oxide 

and iron oxide) by microwave method. 

34 

ΙΙ.4.    Apparatus. 35 

II.4.1. X-ray diffraction (XRD). 35 

II.4.2. Infrared spectroscopy (IR). 35 

II.4.3. Transmission electron microscope (TEM). 36 

II.4.4. Surface area measurement (BET). 37 

ΙΙ.4.5. Atomic absorption spectroscopy (AAS). 38 

ΙI.5.    Adsorption Experiments. 38 

ΙΙ.6.    Adsorption Isotherms. 39 

CHAPTER III 

RESULTS AND DISCUSSION 

ΙΙΙ.1.   Characterization of Metal Oxides. 40 

ΙΙΙ.1.1. Characterization of metal oxides using X-ray diffraction   

(XRD). 

40 

ΙΙΙ.1.2. Characterization of metal oxides using infrared  

spectroscopy (IR). 

46 

ΙΙΙ.1.3. Characterization of metal oxides using transmission 

electron microscopy (TEM). 

53 

ΙΙΙ.1.4. Characterization of metal oxides using surface area   

measurement (BET). 

59 

ΙΙΙ.2.      Removal of Heavy Metal Ions from Water. 64 

ΙΙΙ.2A.   Removal of Lead. 64 

ΙΙΙ.2A.1.  Removal of lead from water by Ni-ppt, Ni-org and 

                 Ni-mic. 

64 

ΙΙΙ.2A.1.1. Effect of contact time on Pb(II) removal by nickel      

                   oxides.      

64 

ΙΙΙ.2A.1.2. Effect of the weight of nickel oxides on Pb(II)                          

removal. 

 

66 

 


