
 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

                        

 بسم الله الرحمن الرحيم

               
 

  
MONA MAGHRABY 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 
 

 شبكة المعلومات الجامعية 
  توثيق الالكتروني والميكروفيلمال

 
MONA MAGHRABY 

 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 جامعة عين شمس
 لكتروني والميكروفيلمالتوثيق الإ

 قسم
 عظيم أن المادة التي تم توثيقها وتسجيلهانقسم بالله ال

 علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات

 

 يجب أن
 حفظ هذه الأقراص المدمجة بعيدا عن الغبارت

 

MONA MAGHRABY 



                                                                                                                                                  Faculty of Women For   

  Arts, Science and Education  

 

Studies on the Radiochemical Behavior of Some 

Significant Elements in Nuclear Field Using Ion 

Exchange and Solvent Extraction Techniques 

A Thesis 
Submitted By 

Nora Adel Mohamed Hasan 
M. Sc. of Science in Chemistry 

To 

The Chemistry Department,  

Faculty of Women for Arts, Science and Education, 

 Ain Shams University 

For the Degree of Doctor of Philosophy of Science in  
Inorganic and Analytical Chemistry 

Supervised By 
  

Prof. Dr./Wafaa S. Hegazy                 Prof. Dr./Fatma H. El-Sweify 

 Prof. of Physical Chemistry,                            Prof. of Radiochemistry, 

       Faculty of Women for                               Former Head of Radioisotopes          

      Production and Radiation Sources  Arts, Science and Education, Ain  

Shams University, Cairo, Egypt.             Division, Hot Laboratories Centre,  

                                                                     Atomic Energy Authority, Inshas, Egypt.  

 

 Dr./Doaa Abdel Moneim  Ahmed         Dr./Hala Ramadan El-sayed  

 Assistant prof. of Inorganic Chemistry,      Assistant prof. of Radioisotopes   

 Faculty of Women for Arts, Science          and Generator Department, Radio-  

      and Education, Ain Shams                   isotopes Production and Radiation            

    University, Cairo, Egypt.                   Sources Division, Hot Laboratories Centre,  

                                                          Atomic Energy Authority, Inshas, Egypt. 
                                          

                                   

                                       (2021)  
 



 

Approval Sheet 

 

Studies on the Radiochemical Behavior of Some 

Significant Elements in Nuclear Field Using Ion 

Exchange and Solvent Extraction Techniques 

Approved                                                                            Supervisors  

 
Prof. Dr. / Wafaa S. Hegazy                                                  …………………………………… 

 
Prof. Dr. / Fatma H. El-Sweify                                                  …………………………………… 

 
Assist. Prof. Dr. / Doaa Abdel Moneim                          ………………………………..… 

     

Assist. Prof. Dr. / Hala Ramadan                        ...................................... 
 

 

 

Prof. Dr. / Omayma Ahmed Mustafa                              

 
  ………………………………………………. 

 

Head of Chemistry Department, 

      Faculty of Women For 
 Arts, Science and Education,  
     Ain Shams University   
       

 



 بسم الله الرحمن الرحيم

 

قاَلوُاْ سُبْحَانكََ لاَ عِلْنَ لنَاَ إِلاَّ هَا  ﴿

 ﴾عَلَّوْتنَاَ إِنَّكَ أنَثَ الْعلَِينُ الْحَكِينُ 

 

 صدق الله العظيم

 

 (٢٣سورة البقرة الآية )                         

 

 

 

 

 

 

 

 

 

 



Acknowledgment 

        First of all, I am deeply thankful to "ALLAH" by the grace of whom the 

progress and success of this work is possible. Our main purpose for this 

work is seeking "ALLAH" pleasing and satisfaction”. 

       I would like to express my deep gratitude and appreciation to 

Prof.Dr./Wafaa S. Hegazy, Professor of Physical Chemistry, Chemistry 

Department, Faculty of Women for Arts, Science and Education, Ain Shams 

University, for her kind help, fruitful discussions, support, direct 

supervision and valuable advices. 

     I am greatly indebted to Prof.Dr./Fatma H. El-Sweify, Prof. of 

Radiochemistry, Former Head of Radioisotopes Production and Radiation 

Sources Division, Hot Laboratories Centre, Atomic Energy Authority 

(AEA), for her kind help and support, for suggesting the topic of this thesis, 

planning of the experimental work, effective supervision, valuable 

discussions, sincere advices and continuous encouragement during all 

phases of carrying out this work. 

I would like to express my deep gratitude to Dr./Hala Ramadan El-

sayed, Assistant prof. of Radioisotopes and Generator Department, 

Radioisotopes Production and Radiation Sources Division, Hot 

Laboratories Centre, Atomic Energy Authority, for her continuous 

encouragement and sincere advices. 

     I would like to express my deep gratitude to Dr./Doaa Abdel Moneim 

Ahmed, Assistant Prof. of Inorganic Chemistry, Chemistry Department, 

Faculty of Women for Arts, Science and Education, Ain Shams University, 

for her continuous encouragement and sincere advices. 

     

    I would also like to thank all the staff in the nuclear chemistry 

department in hot labs. center (AEA), especially for Prof.Dr./ Mahmoud. 

A.El-Amer head of Radioisotopes and Generator Department, 

Radioisotopes Production and Radiation Sources Division, Hot 

Laboratories Centre, for his kind allowing using all facilities and 

instruments and sincere advices. And my colleagues and all the staff 

members in the Chemistry Department, Faculty of Women for Arts, Science 

and Education, Ain Shams University, for their kind help, support, 

cooperation  and friendship. 



  Finally, I would like to express my deep thanks to my husband and my 

family for their unlimited support and looking after me, so I could not say 

better than "God bless them".  
                                                                          

                                                                                                     Nora adel Mohamed  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  Contents 

 

Publications……………………………….........…….           (I) 

List of Abbreviations ………………..…….….......…..     (II-III) 

Aim of the Work ……………………………....………….     (IV - V) 

Abstract ………………………………….…...………               (VI-IX) 

List of Tables ……………………………..…......……..         (X - XI) 

List of Figures …………………………….…….....…            (XII - XX) 

Chapter I        Introduction …………………….…….        (1 - 41) 

Chapter II      Experimental ………………….……....      (42 - 53) 

Chapter III       Results and Discussion …….…....      (54 - 165) 

References ……………………………………....…..….          (166 – 180) 

Summary ………………………………………....……..          (181 - 189) 

Arabic Summary..............................................   

 



 

Contents Page 

Published works I 

List of abbreviations II 

Aim of the work IV 

Abstract VI 

List of tables X 

List of figures XII 

Chapter  I Introduction  

I.1. General Introduction 1 

I.2. The Used Techniques 1 

I.2.1. Ion Exchange 1 

 I.2.1.1. Classification of Ion Exchangers 3 

   I.2.1.1.1. Inorganic Ion Exchangers 3 

       I.2.1.1.1.1. Natural Ion Exchangers 3 

       I.2.1.1.1.2. Synthetic Inorganic Ion Exchangers 3 

   I.2.1.1.2. Synthetic Organic Ion Exchangers 3 

      I.2.1.1.2.1. Chelating Resins 4 

      I.2.1.1.2.2. Amphoteric Exchangers 5 

  I.2.1.2. Ion Exchange Kinetics 5 

    I.2.1.2.1. Film Diffusion 6 

    I.2.1.2.2. Particle Diffusion 7 

  I.2.1.3. Adsorption Isotherms  8 

    I.2.1.3.1. Langmuir Isotherms 8 

    I.2.1.3.2. Freundlich Isotherms 8 

  I.2.1.4. Adsorption Kinetic Studies 9 

  I.2.1.5. Adsorption Thermodynamic Parameters 10 

I.2.2. Solvent Extraction 10 



  I.2.2.1.   General Aspects on the Extraction System 10 

   I.2.2.2. Systematic of Solvent Extraction  12 

   I.2.2.3. Properties of some Extractants  13 

     I.2.2.3.1. Extraction by HDEHP 13 

     I.2.2.3.2. Extraction by TBP 15 

     I.2.2.3.3. Extraction by Aliquat - 336 (TCMA): 17 

I.3. Chemical Definition of Graphene Oxide 18 

I.4. Applications of Graphene Oxide (GO) Materials 19 

  I.4.1. Disposal of Radioactive Liquid Waste   19 

  I.4.2. Production of some Radioactive Isotopes 20 

  I.4.3. Separation of some Elements 21 

I.5. Aqueous Chemistry of the Studied Elements 21 

  I.5.1. Aqueous Chemistry of Cobalt 21 

    I.5.1.1. Oxidation States and Complexes of Cobalt 21 

    I.5.1.2. Radionuclides of Cobalt and Isotope Applications 22 

  I.5.2. Aqueous Chemistry of Caesium 22 

    I.5.2.1. Oxidation States and Complexes of Caesium 22 

    I.5.2.2. Radionuclides of Caesium and Isotope Applications 23 

  I.5.3. Aqueous Chemistry of Europium 24 

    I.5.3.1. Oxidation States and Complexes of Europium 24 

    I.5.3.2. Radionuclides of Europium and Isotope Applications 24 

  I.5.4. Aqueous Chemistry of Zirconium 25 

    I.5.4.1. Oxidation States and Complexes of Zirconium 25 

    I.5.4.2. Radionuclides of Zirconium and Isotope Applications 26 

 I.5.5. Aqueous Chemistry of Niobium 27 

    I.5.5.1. Oxidation States and Complexes of Niobium 27 

    I.5.5.2. Radionuclides of Niobium and Isotope Applications 28 

  I.5.6. Aqueous Chemistry of Cerium 28 

https://en.wikipedia.org/wiki/Zirconium


    I.5.6.1. Oxidation States and Complexes of Cerium  28 

   I.5.6.2. Radionuclides of Cerium and Isotope Applications 29 

 I.5.7. Aqueous Chemistry of Ruthenium 29 

   I.5.7.1. Oxidation States and Complexes of Ruthenium   29 

   I.5.7.2. Radionuclides of Ruthenium and Isotope Applications 30 

 I.5.8. Aqueous Chemistry of Iodine 31 

   I.5.8.1. Oxidation States and Complexes of Iodine 31 

   I.5.8.2. Radionuclides of Iodine and Isotope Applications 32 

I.6. Literature Survey on Graphene Oxide and its Composites 33 

Chapter II Experimental 39 

II.1. Chemicals and Reagents: 42 

II.2. Organic Resins: 42 

II.3. Inorganic Ion Exchangers: 42 

II.4. Used Organic Solvents and Extractants: 44 

II.5. Equipments, Instrumentations and Measurements: 44 

  II.5.1. Equipments and Instrumentation 44 

   II.5.1.1. FT-IR Spectometer 45 

   II.5.1.2. Scan Electron Microscope  45 

   II.5.1.3. X – Ray Diffraction  45 

   II.5.1.4. Gamma - Multi Channel Analyzer 45 

II.6. Procedures and Measurements 46 

  II.6.1. Production of Radioactive Isotopes 46 

    II.6.1.1. Preparation of 
60

Co Isotope 46 

    II.6.1.2. Preparation of 
152

Eu and 
154

Eu Isotopes 47 

    II.6.1.3. Preparation of 
134

Cs Isotopes 47 

 II.6.2. Aqueous Radioactive Waste Sample 48 

II.7. Preparation of Graphene Oxides and its Composites 48 

  II.7.1. Preparation of Graphene Oxide [GO] 48 



  II.7.2. Preparation of Phosphorylate Graphene Oxide[P-GO] 49 

  II.7.3. Preparation of EDTA-functionalized GO [EDTA-GO] 49 

  II.7.4. Preparation of GO-Fe(III) Composite [Fe-GO] 50 

II.8. Preparation of Ceric Tungestate (CeW) 50 

II.9. Studies under Static Conditions 51 

  II.9.1. Swelling Studies 52 

II.10. Solvent Extraction 52 

  II.10.1. The Used Extractants  52 

  II.10.2. Extractant Solutions 53 

  II.10.3. Extraction Technique 53 

Chapter III   Results and Discussion  

III.1. Characterization of the Synthesized Graphene Oxide 

and its Composites 
54 

  III.1.1. Scanning Electron Microscopy (SEM) Analysis. 54 

  III.1.2. X-ray Diffraction (XRD) Analysis. 56 

  III.1.3. FT-IR Analysis.     59 

III.2. Adsorption Behavior of 
152+154

Eu (III) on GO 63 

  III.2.1. Adsorption under Static Conditions 63 

    III.2.1.1. Adsorption of Eu(III) from Inorganic Acids, HCl, HNO3, 

H2SO4 and H3PO4        
63 

    III.2.2.2. 
Adsorption of Eu(III) from Organic Acids, Acetic, 

Oxalic, Citric, Tartaric and EDTA  
64 

    III.2.2.3.  Effect of pH  66 

    III.2.2.4. Effect of Particle Size  67 

    III.2.2.5. Effect of Sorbate Concentration   71 

    III.2.2.6. Effect of Temperature 71 

III.3. Adsorption of 
152+154

 Eu (III), 
60

Co (III) and 
134

Cs (I) in 

Mixtures on GO. 
74 

   III.3.1. Adsorption under Static Conditions 74 

      III.3.1.1. Effect of pH 74 

      III.3.1.2. Effect of Particle Size 75 



      III.3.1.3. Effect of Metal Ions Concentration   77 

      III.3.1.4. Effect of Temperature 77 

   III.3.2. Adsorption Isotherms  81 

   III.3.3.   Adsorption Kinetics  85 

III.4. Adsorption of 
152+154

 Eu (III), 
60

Co (III) and 
134

Cs(I) on  

(P-GO) Composite. 
88 

  III.4.1. Effect of pH(int.) 88 

  III.4.2. Effect of Temperature 89 

  III.4.3. Effect of Particle Size 92 

  III.4.4. Effect of Metal Ions Concentration  92 

  III.4.5. Adsorption Isotherms  96 

  III.4.6. Adsorption Kinetics 101 

III.5. Adsorption of Eu (III), Co (II) and Cs (I) on (Fe-GO) 

Composite. 
103 

  III.5.1. Effect of pH(int.) 103 

  III.5.2.   Effect of Temperature 105 

  III.5.3. Effect of Particle Size.  108 

  III.5.4. Effect of Ionic Species Concentration   110 

  III.5.5. Adsorption Isotherms 113 

  III.5.6. Adsorption Kinetics 117 

III.6. Adsorption of Eu (III), Co (II) and Cs (I) on (EDTA-GO) 

Composite 
119 

  III.6.1. Effect of pH(int.) 119 

   III.6.2.   Effect of Temperature 121 

   III.6.3. Effect of Particle Size 124 

   III.6.4. Effect of Metal Ions Concentration   127 

   III.6.5. Adsorption Isotherms 127 

   III.6.6. Adsorption Kinetics 132 

III.7. Studies on Real Aqueous Radioactive Waste Samples 134 

  III.7.1. γ-Ray Radiometric Analysis 134 



    III.7.1.1. γ-Ray Radiometric Analysis of Real Aqueous 

Radioactive Waste Samples 
134 

  III.7.2. Adsorption Studies 135 

    III.7.2.1. Adsorption on Graphene Oxide (GO 137 

       III.7.2.1.1.   Swelling Studies 137 

       III.7.2.1.2. Effect of pH 138 

       III.7.2.1.3. Effect of Particle Size 144 

       III.7.2.1.4. Effect of Temperature  146 

   III.7.2.2. Adsorption on Dowex-50 X8 H
+
 form 148 

    III.7.2.2.1. Effect of pH 148 

  III.7.2.3. Adsorption on Chelex-100 Na
+
 form 150 

    III.7.2.3.1. Effect of pH 150 

  III.7.2.4. Adsorption on Ceric Tungstate (CeW) 152 

    III.7.2.4.1. Effect of pH 152 

  III.7.2.5. Adsorption on AG-1X8 Cl
-
 form 153 

    III.7.2.5.1. Effect of pH 153 

III.8. Solvent Extraction 156 

  III.8.1. Extraction by (HDEHP) 156 

    III.8.1.1. Effect of pHinit. 156 

    III.8.1.2. Effect of (HDEHP) Concentration. 158 

  III.8.2. Extraction by (TCMA) 159 

    III.8.2.1. Effect of pHinit. 159 

    III.8.2.2. Effect of (TCMA) Concentration. 161 

 III.8.3. Extraction by (TBP) 162 

    III.8.3.1. Effect of pHinit. 162 

    III.8.3.2. Effect of (TBP) Concentration. 164 

References 166 

Summary  181 

 

 


