
 

 

 

 

 

Ain Shams University  

Faculty of Science 

Physics Department 

 

Synthesis and Characterization of TiO2-

Graphene Composites and their 
Applications 

 
Thesis submitted for 

M.Sc. degree of science  
 

By  
 

Amr Mohamed Ahmed Elsawy 
 

Supervised by 
 
 

Prof. Dr. Mohamed Hassan Talaat 
Prof. of (Nano material-Laser) physics, 

Physics Department- Ain Shams University  
 

Prof. Dr. Mona Mohamed Abd Latif Mohsen 
Prof. of (Nuclear-solid state) physics, 

Physics Department- Ain Shams University 
 

 
 

 
 

2019 





 





 

 
 

 
 

Ain Shams University  

Faculty of Science 

Physics Department 

 

APPROVAL SHEET 

Title of the M.Sc. Thesis 

Synthesis and Characterization of TiO2-
Graphene Composites and their 

Application 
 

Name of the candidate 
 

Amr Mohamed Ahmed Elsawy 
 

Supervisors                                                                      (Signature) 
 

Prof. Dr. Mohamed Hassan Talaat          (…………. )                                                               
        Prof. of (Nano material-Laser) physics,                                    

           Ain Shams University 

 
 

Prof. Dr. Mona Mohamed Mohsen         (…………. )                                                                  
         Prof. of (Nuclear-solid state) physics,                                                                                         
              Ain Shams University 

 
 
 

 
2019 



 

 
  



 

 

 

Ain Shams University  
  Faculty of Science 
Physics Department 

 

Name: Amr Mohamed Ahmed Elsawy 

Department: Physics  

Faculty: Science 

University: Ain Shams University 

Graduation Date:  2006 

Registration Date: 2013 

Grant Year: 2019 

 

 

 

  



 

 

 



i 

 

Acknowledgement 
 

Infinite thanks are due to Allah, the beneficent, the 

merciful, who supported me in the steps of my life and enabled me 

to complete this work. 

I would like to express my gratitude and appreciation to 

Prof. Dr. Mona Mohamed Abd Latif Mohsen, Department of 

Physics, Faculty of Science, Ain Shams University, Cairo, Egypt, 

for her kind supervision. I am indebted to her a lot for valuable 

suggestions and interesting discussions. 

My deep thanks and gratitude to Prof. Dr. Mohamed 

Hassan Talaat, Department of Physics, Faculty of Science, Ain 

Shams University, for his kind and supervision. His interesting 

advices and discussion pushed me forward during the work. 

Many thanks to Dr. Hadeer Ibrahim Mohamed, 

Department of Biophysics, Faculty of Science, Ain Shams 

University, for her fruitful discussions. 

I have to remember also Dr. Nour Atia, Department of 

Fire, Chemistry Division, National institute of standards, for his 

help in preparing the graphene sheets. 

I would like also Prof. Dr. Essam A. El Hady Prof. of 

Applied Nuclear Physics, Minya University for his help in 

measuring the mechanical properties as well as Dr. Ayman 



ii 

 

Maher, Department of Zoology Faculty of Science Cairo 

University for his kind encouragement.  

My thanks extend also to my Father, my Mother and my 

Brothers (Ehab, Ramy) and my friends (Mohamed Donia, 

Mahmoud Sakr, Mohamed Nagy, Nairoz Shehata, Reem 

Mohamed, Khaled Khames and Mohamed Karim), for their 

help, encouragement and wishes. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



iii 

 

Contents 

 

List of figures ......................................................................................................................... v 

List of tables ......................................................................................................................... vii 

Abstract................................................................................................................................ viii 

List of Abbreviations ........................................................................................................... viii 

Summary................................................................................................................................ xi 

 

Chapter 1: Introduction  ...................................................................................................... 1 

1.1.Cardiovascular diseases .................................................................................................... 1 

1.2.Medical stents   generations .............................................................................................. 4 

1.3.Types of stents .................................................................................................................. 5 

1.4.Properties of stents ............................................................................................................ 7 

1.5.Graphene synthesis ........................................................................................................... 9 

1.6Theoretical Definations ....................................................................................................19 

 

Chapter 2: LITERATURE REVIEW ................................................................................29 

2.1. Literature Review ...........................................................................................................23 

2.2. Objective .........................................................................................................................26 

 

Chapter 3: EXPERIMENTAL WORK .............................................................................37 

3.1. Materials .........................................................................................................................27 

3.1.1. Austenitic Stainless-Steel ............................................................................................27 

3.1.2. Graphite powder ..........................................................................................................27 

3.1.3.  Chitosan ......................................................................................................................27 

3.1.4.  TiO2 Nanoparticles .....................................................................................................27 

3.2. Graphene synthesis and coating Equipment ...................................................................27 

3.3. Methods ..........................................................................................................................28 

3.3.1. SS Pretreatment ...........................................................................................................28 

3.3.2. Preparation of chitosan solution ..................................................................................28 

3.3.3. Synthesis of (CH-GR) and  (CH-GRP-TiO2NP) .........................................................29 

3.3.4. Treatment of Stainless-Steel stent with different coatings ...........................................31 

3.4. Characterization ..............................................................................................................32 



iv 

 

3.4.1.  Morphology ............................................................................................................... 32 

3.4.1.1 Scanning Electron Microscope and EDX ................................................................. 32 

3.4.2.  Microstructure ........................................................................................................... 32 

3.4.2.1. Transmission Electron Microscope.......................................................................... 32 

3.4.2.2. X-Ray Diffraction (XRD) ........................................................................................ 33 

3.4.2.3. Raman Spectroscopy ............................................................................................... 33 

3.4.3. Mechanical.................................................................................................................. 33 

3.4.3.1. Mechanical test (uniaxial) ........................................................................................ 33 

3.4.3.2. Nano indentation ...................................................................................................... 34 

3.4.4. Hematological assessment .......................................................................................... 34 

3.4.4.1. Blood sample collection and preparation: ................................................................ 34 

3.4.4.2. Blood parameter ...................................................................................................... 34 

3.4.5. Hydrophobic and Hydrophilic properties ................................................................... 35 

3.4.5.1.Contact angle ................................................................ Error! Bookmark not defined. 

 

Chapter 4: RESULTS & DISCUSSIONS ..........................................................................51 

4.1. Characterization of CH-GRP and CH-GRP-TiO2NPs coatings .................................... 37 

4.2. Morphological Characterization of SSP, SSP-CH-GRP and SSP-CH-GRP-TiO2NPs . 39 

4.3. Microstructural characterization of SSP, SSP-CH, SSP-CH-GRP and SSP-CH-GRP-

TiO2NPs ............................................................................................................................... 43 

4.4. The contact angle of SSP, SSP-CH-GRP and SSP-CH-GRP-TiO2NPs ........................ 46 

4.5. a. Mechanical properties of SS, SSP-CH, SSP-CH-GRP and SSP-CH-GRP-TiO2NPs 49 

4.6. Micro Hardness and Modules of SSP-CH-GRP and SSP-CH-GRP-TiO2NPs by Nano- 

indenter ................................................................................................................................. 51 

4.7. Hematological properties of SS, SSP-CH, SSP-CH-GRP and SSP-CH-GRP-TiO2NPs 53 

4.7.1. Platelets Count ............................................................................................................ 53 

4.7.2. WBCs and RBCs Count .............................................................................................. 58 

Conclusions ..........................................................................................................................62 

References ............................................................................................................................64 

Arabic Summary..................................................................................................................83 

 

 



v 

 

List of figures 
 

Figure1. 1 a) Internal structure of the artery b) Effect of atherosclerosis on lumen flow. ...... 1 

Figure 1.2 Artery Structure and blood component. ................................................................ 2 

Figure 1.3 a) Coronary Angioplasty, b) Stent role to redo artery after stenosis. .................... 3 

Figure1. 4 Shape of a medical stent. ....................................................................................... 4 

Figure 1.5 Stent Types. ........................................................................................................... 6 

Figure1.6 .Shape of a medical stent after corrosion: a) single strut fracture; b), c) Two more 

fractures. ................................................................................................................................. 9 

Figure 1.7 The structure of graphene and its derivatives. ......................................................10 

Figure1.8 a) Shows how Carbon can undergo three types of hybridization allowing it to form 

a vast array of different types of molecules and compounds, b)Schematic representation of 

overlapping Sigma Bonds in the sp2  array of a single graphene layer. ................................11 

Figure1. 9 Flow chart of Graphene synthesis process. ..........................................................14 

Figure 1.10 Schematic diagram representing preparation graphene by Hummer’s Method. .15 

Figure1. 11 Schematic diagram for the preparation of graphene by CVD. ...........................17 

Figure1. 12 Show relation between stress and strain. ............................................................20 

 

Figure 3 .1 Chemical Structure of chitosan ...........................................................................27 

Figure 3 .2 Chitosan solution .................................................................................................29 

Figure 3 .3 Schematic diagram representing preparation graphene by sonication. ................30 

Figure 3. 4 Schematic diagram representing the green coating for a medical stent. ..............32 

Figure 3.5 Mechanical test machine (uniaxial) ……………………………………………..45                                                      

 

Figure 4. 1 TEM images for CH-GRP (a,b) and CH-GRP-TiO2NP (c,d) with different 

magnification. ........................................................................................................................39 

Figure 4. 2 SEM images of SSP (a, d), SSP- CH -GRP (b, e), SSP- CH- GRP-TiO2NP (c, f), 

EDX of SSP-CH-GR-TiO2NPs (g). ......................................................................................42 

Figure 4. 3 XRD patterns of SSP (a), SSP-CH (b), SSP-CH-GRP (c) and SSP-CH-

GRPTiO2NPs (d). ..................................................................................................................44 

Figure 4. 4 Raman Spectra of Graphene sheets .....................................................................45 

Figure 4. 5 Contact angle for all samples, a) SS, b) SSP-CH, c)  SSP-CH-GR ,d) SSP-CH-

GR-TiO2. ...............................................................................................................................49 



vi 

 

Figure 4. 6 The mechanical properties for untreated SS, SSP-CH, SSP-CH-GRP and SSP- 

CH-GRP-TiO2NP. .................................................................................................................51 

Figure 4.7 The mechanical properties of coated layer. ..........................................................52 

Figure 4 8 The effect of uncoated and coated stent on Platelets count from different patient 

blood (healthy, diabetic, high cholesterol). ............................................................................57 

Figure 4.9( a) the effect of uncoated and coated stent on WBCs from different patient blood 

(healthy, diabetic, high cholesterol),(b)The effect of uncoated and coated stent on RBCs 

from different patient blood (healthy, diabetic, high cholesterol. ..........................................60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

List of tables. 
Table 3.1 Compositions of different samples coatings. .........................................................31 

Table 4. 1 Mechanical properties of different uncoated and coated samples ........................50 

Table 4.2 The Hardness and Young modulus for samples coated. ........................................52 

Table 4.3Platelets count before and after different exposure to a developed stent for healthy 

human. ...................................................................................................................................55 

Table 4. 4 Platelets count before and after different exposure to a developed stent for a 

diabetic patient. ......................................................................................................................55 

Table 4. 5 Platelets count before and after different exposure to a developed stent for high 

cholesterol patient. .................................................................................................................56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


