
 
 

 
 

Ain Shams University 
Women's college 
Home Economics Dep. 

 
Nano – textile treatment to produce self 
cleaning fabric and its biological impact 

 
 

Thesis submitted for requirement of Ph.D 
Home Economics – Textile and clothing 

 
 

By 
 

Nesreen Awad EL-Nakib 
 

 

Supervised by 
 

Prof. Dr. Wafaa  Anwar El-Sayed 
Prof. of Applied Textile Chemistry 

Women's College 
Ain Shams University 

 
Dr. Maha Mahmoud Mohamed 

Lecturer of Biochemistry and Nutrition 
Women's College 

Ain Shams University 

 
2010 



 
 

Approval Sheet 
 

Nano – textile treatment to produce self 
cleaning fabric and its biological impact 

 
 

Thesis submitted for requirement of  Ph.D. 
Home Economics – Textile and clothing 

 
By 
 

Nesreen Awad EL-Nakib 
 

Thesis Advisors:                                  Thesis Approval: 
 
Prof. Dr. Wafaa A.El-Sayed 
Prof. of Applied Textile Chemistry 
Women's College 
Ain Shams University 

 
Dr. Maha Mahmoud Mohamed 
Lecturer of Biochemistry and Nutrition 
Women's College 
Ain Shams University 

 
 
 
 
 
 
 
 



 
 
 

                                       
  

 

Acknowledgement  

 



Acknowledgement 
 
        Praise be to God almighty without his help and 
support this thesis would have never been completed. 
 
        Iam  truly and deeply indebted 
 to Professor Dr.Wafaa Anwar El.  
Sayed   who   supported    me   and guided 
me throughout my   thesis. 
She  was  a  perfect supervisor who  
was    always    there   ready   with  
advise  and  solutions  for  all   the 
problems that erupted. 
I gained much from all her perceptive   
remarks    and   
she  always welcomed   my 
questions.  Moreover    her  
encouragement always 
pushed    me   forward 
and   made   me   exert  
more effort. 
                    

      
           
 
Also I would like to express my deepest 
thanks with all my love & gratitude to 
Dr. Maha Mahmoud for her consistent 
supervision, sincere guidance & 
constructive suggestions throughout all 
the phases of this work. 
 

         



I wish to thank professor Dr.Kwakab Abd El-Aziz (Department 
of histology, Faculty of veterinary medicine, Cairo University) for 
her help during histopathological examinations of the specimens.  
 
I would like to thank all my professors and my colleagues in the 
Home Economics dept. for their support especially Dr. Enas Abd 
El-Kader. 
        To the dearest, to the self and heart I present this thesis to 
my mother for her everlasting encouragement and kindness and 
without her this thesis would not have existed. My gratitude is 
also due to all members of my family especially my husband and 
my brother Mohamed were valuable elements throughout my 
research. 
       

Finally, I will never forget to thank my loving father for 
everything he taught me and without him I wouldn't be the 

woman I am today, he built a strong foundation no one can take 
away and everything I picked up from him are written on my 

heart. I hope I'm just like you someday. If I could write a million 
pages, but still be unable to say just how much I love and miss 

you every day. 
 
 
 
 
 
 
 
 
 
 
 
 

  
  



  
  
  
  
 
  جامعة عين شمس 

  كلية البنات
  قسم الاقتصاد المنزلي

  
  

  
" معالجة بعض الاقمشة كيميائيا بمركبات متناھية في الصغر 
(نانو) للحصول على اقمشة ذاتية التنظيف ودراسة تاثيرھا 

  البيولوجي"
  
  

  في العلوم دكتوراه الفلسفةللحصول على درجة 
  ملابس ونسيج) –(اقتصاد منزلي 

  
  مقدمة من

  
  بـــــــــــــعوض النقي  رينــــــــنس

  
  تحت اشراف

  
  ا.د. وفــــــاء انور السيــــــــد

  استاذ كيمياء النسيج
جامعة عين شمس –كلية البنات   

 
 

 د/ مھا محمود محمد
 مدرس الكيمياء الحيوية والتغذية

جامعة عين شمس –كلية البنات   
 

2010 



 
 
 
 
 

  جامعة عين شمس
        كلية البنات

 قسم الاقتصاد المنزلى 
 

 
 

 

وانــــــــة العنــــــصفح  
 
 

 
نســـــــــــرين عوض النقيـــــــــــــــب           ة:ـــــــــاسم الطالب  

 
  
 

  في العلوم  دكتوراة الفلسفة درجة       ــــة:   الدرجة العلمي
  بنات)كلية ال –(اقتصاد منزلي                                     

 
 
 

  يـــــــــــــلـــــــاد المنزقسم الاقتص           بـــع له:ـالقسم التا
 
 

  كليــــــــــــــة البنــــــــــــــــات           ــــــة:ـــــاسم الكلي
 

  
  جامعــــــــة عيــــــن شمـــــــــــس        ـــــــة:  ـــــعالجامـــــ

 
  :رجــــــــسنة التخ

  
  :حـــــــــــسنة المن

  



  
  
 جامعة عين شمس

 كلية البنات
 قسم الاقتصاد المنزلي

 

وراه ـــــــتدك رسالة  
     

يب ـــــــرين عوض النقــــنس     :                     الطالبةاسم     
     

" معالجѧѧѧة بعѧѧѧض الاقمشѧѧѧة كيميائيѧѧѧا      :      عنѧѧѧوان الرسѧѧѧالة        
الصѧѧغر (نѧѧانو) للحصѧѧول علѧѧى اقمشѧѧة ذاتيѧѧة  بمركبѧѧات متناھيѧѧة فѧѧي

  التنظيف ودراسة تاثيرھا البيولوجي"
   
  دكتوراه      :            اسم الدرجة           

 
لجنة الاشراف                                             

 
  : أستاذ كيمياء النسيجالوظيفة   وفاء أنور السيد               / أ.د/  الاسم -

جامعة بكلية البنات                                                                    
عين شمس                                                                   

:  مدرس الكيمياء الوظيفة               / مھا محمود محمدد/   الاسم -
 الحيويه  

والتغذية بكلية البنات                                                                     
جامعة عين شمس                                                                    

 
/        /         متاريخ البحث         
 

 الدراسات العليا
أجيزت الرسالة بتاريخ           ختم الاجازة                                      

/      /        م                                                                    
 موافقة مجلس الكلية                                     موافقة مجلس الجامعة 

  
/     /       م                /       /       م                                   



 
 
 
 
سجامعة عين شم  

 كلية البنات
 قسم الاقتصاد المنزلي

 
 

    ــــــــــــرشكـــــ                                     
 

 
                                                   

بالشكر للسادة الاساتذة  أتقدم
           الذين

                                                   
  وھم: قاموا بالإشراف

                   
 

   السيد أنورا.د/ وفاء 
                                      د/ مھا محمود محمد 

                                              
خاص الذين الاش جميعالى 

، تعاونوا معي في البحث
قتصاد قسم الا أعضاءوكذلك 

  –كلية البنات  –  المنزلي 
  جامعة عين شمس

  
  

  
  



  "ميكلمة تقدير وعرفان لأ"
  

  في حر الصيف تھبي نسيما
  لالـــــالظ تأتك ـــوفي قرب
  لبـــــواطھر ق أنقىعرفتك 

  وفيك تلاقت صنوف الجمال
  فاـــيفوح فؤادك حنانا وعط

  بالـــشموخ الج أميوفيك يا 
  دوداـالكمال ح أقاصيبلغت 

  كل نفيس وغال لك رخصوي
  اھرةـــــالعزيزة الط تــــــأن

  الـــــالآميا نبع الحنان وكل 
  

.......اقبل قدماك....... اقبل يداكأنت يا من ضحيتي لأجلي الكثير 
...لا ترد .الأفعالوكل فكل الكلمات .........أشكركلا اعرف كيف 

  جميلك
  يحفظك ويصونك أنمن الله عز وجل  فأرجو

  
 
 
 

 



 i

Contents 
 

                                                                                                            
                                                                     Pages  

 
List of figures …………………………. 
List of tables…………………………… 
List of designs and products………….. 
List of abbreviations………………….. 
 
Summary……………………………………. 
 
1.Introduction and literature review…. 
 
1.1. Natural cellulosic fibers………………….
 
1.2. Cotton …………………………………… 
 
     1.2.1. Microscopic properties…………….. 
 
1.3. Cellulose chemistry………………………
 
1.4. Physical and chemical properties of 
cotton ………………………………………… 
 
1.5. Fabric preparation……………………….
 
1.6. Nanotechnology…………………………..
    1.6.1. Classification of nanoparticles………. 
            1.6.1.1. Dimensions of nano systems………….
            1.6.1.2. Phase structure………………………..
    1.6.2. Fields of nanotechnology……………. 

vii 
xii 
xiii 
xiv 

 
1 
 

6 
 

6 
 

7 
 

9 
 

10 
 
 

12 
 

15 
 
16 
20 
20 
20 
21 



 ii

    1.6.3. Products are already on the market….. 
    1.6.4. Manufacture of nanoparticles………. 
    1.6.5. Nanotechnology in textiles…………. 
    1.6.6. The important nanoparticles in use… 
    1.6.7. Advantages of nanotechnology……. 
    1.6.8. Limitation of nanotechnology……… 
    1.6.9. Selected applications of     
             Nanotechnology in textiles………….. 
            1.6.9.1. Wrinkle resistance……………..... 
            1.6.9.2. Anti Microbial finish…................. 
            1.6.9.3. Water repellence………………… 
            1.6.9.4. UV- protection…………………... 
            1.6.9.5. Anti static fabric………………… 
               1.6.9.6. Self cleaning fabric……………… 
                        1.6.9.6.1. The mechanism of self cleaning… 

     1.6.10. Smart and engineered textiles……. 
            1.6.10.1. Detection of vital signals…………...
               1.6.10.2. Protective flex……………………...
               1.6.10.3. Thermal sensitivity……………….. 
               1.6.10.4. Phase change material…………….
               1.6.10.5. Global positioning system………... 
               1.6.10.6. Wireless, hands free   
                             Communication…………………… 
               1.6.10.7. Cooling-Warming system………....
               1.6.10.8. Warning signaling…………………
               1.6.10.9. Breathable fabric…………………. 
               1.6.10.10.Temperature & heat responsive    
                               material…………………………....
               1.6.10.11. Flexible nano clips in textiles…… 
               1.6.10.12. T-Shirt television…………………
               1.6.10.13. Fabric display…………………….
 
1.7. Health hazards posed by nanoparticles... 
     1.7.1. Routes of access into, and travel  
               around, in the body………………… 
              1.7.1.1. Skin…………………………………...
              1.7.1.2. Lung…………………………………. 

22 
23 
23 
24 
26 
26 

 
27 
27 
27 
29 
31 
31 
32 
33 
35 
36 
37 
38 
39 
40 
 

40 
41 
42 
43 
 

44 
45 
45 
46 
 

46 
 

 47 
49 
52 



 iii

           1.7.1.3. Intestinal tract………………………..
     1.7.2. Body distribution and systemic  
              effects of particulate………………… 
                1.7.2.1. Nanoparticles, thrombosis and lung 
                             inflammation………………………. 
                1.7.2.2. Nanoparticles and cellular uptake.. 
                1.7.2.3. Nanoparticles and the blood-brain  
                             Barrier……………………………... 
                1.7.2.4. Nanoparticles and oxidative stress.. 
     1.7.3.  The mechanism of toxic action……... 
     1.7.4. Hazard when nanoparticles are fixed   
               in products…………………………. 
 
1.8. Outdoor textiles…………………………. 
    1.8.1. Awning………………………………. 
           1.8.1.1. Advantages of awnings……………… 
           1.8.1.2. Design guidelines for awnings………...
           1.8.1.3. Awning frames………………………... 
           1.8.1.4. Valance frames………………………...
           1.8.1.5. Awning care……………………………
      
1.8.2. Tents…………………………………… 
         1.8.2.1. History use…………………………….. 
           1.8.2.2. Factors affecting tent design…………. 
           1.8.2.3. Tent care and maintainence…………..
 
1.8.3. Materials used for outdoor furniture…… 
 
1.9. Costs, Costing, pricing and profit of  
     Products………………………….............. 
    1.9.1. Manufacturing cost…………………. 
 
2. Aim of the work………………………… 
 
3. Experimental Work.............................
 
3.1.Materials…………………………………. 

54 
 
 55 

 
56 
57 
 

57 
58 
 

58 
 

59 
 

60 
60 
61 
61 
63 
67 
68 
 

  
 72 
74 
78 
83 
 

87 
 
 

88 
89 
 
 

91 
 

92 
 

92 



 iv

    3.1.1. Fabrics………………………………. 
    3.1.2. Chemicals…………………………… 
    3.1.3. Animals.................................................
3.2. Instruments……………………………… 
 
3.3. Methods…………………………………. 
    3.3.1. Pretreatment of the fabric …………. 
    3.3.2. Preparation of TiO2 solutions……… 
    3.3.3. Coating process.……………………. 
    3.3.4.Creation and assessment of degradation 
             of Hibiscus stain.....…………………. 
 
3.4. Test methods…………………………….. 
 
3.5. Biological study…………………………. 
 
     3.5.1. Work design…………………………. 
     3.5.2. Body weight change………………… 
     3.5.3. Relative weight of organs………….. 
     3.5.4. Biochemical analysis……………….. 
                  3.5.4.1. Determination  of  serum  total   
                             protein………………….………….. 
                 3.5.4.2. Determination of serum albumin 
                             concentration……………………… 
                 3.5.4.3. Determination of serum total  
                             and direct bilirubin……………….. 
                 3.5.4.4. Estimation of serum aspartate  
                             aminotransferase (AST) 
                             concentration……………………. 
                 3.5.4.5. Estimation of serum alanine 
                             aminotransferase (ALT)  
                             concentration……………………..     
   3.5.4.6.  Determination of serum urea  
                                 concentration…………………. 
                  3.5.4.7.  Determination of serum creatinine 
                                concentration………………….. 
                  3.5.4.8.  Determination of serum lactate 

92 
92 
92 
93 

 
93 
93 
93 
93 

 
94 

 
94 

 
94 

 
95 
97 
98 
98 

 
98 
 

98 
 

99 
 
 

100 
 
 

100 
 

101 
 

102 
 



 v

                               dehydrogenase………………… 
                  3.5.4.9. Determination of serum alkaline 
                               phosphatase (ALP)……………. 
                 3.5.4.10. Determination of C-Reactive 
                                Protein………………………………
      3.5.5. Detection of titanium on serum…..... 
      3.5.6. Histopathological examination……. 
      3.5.7. Scanning electron microscope  
               examination (SEM) for the skin……...
      3.5.8. Statistical analysis…………………... 
 
3.6. Cost and profit…………………………... 
  
4. Results and discussion………………… 
 
4.1. Treatment of cotton fabric with 
Titanium (IV) oxide, nanopowder, 99.7% 
anatase onto cotton fabric………………….     
     4.1.1. Effect of Titanium (IV) oxide,  
               nanopowder, 99.7% anatase  
               concentrations……………………….. 
     4.1.2. Effect of curing temperature and time.  
     4.1.3. Effect of time and temperature of   
              impregnation of cotton fabrics in the  
              treatment bath…………………………
     4.1.4. Effect of liquor ratio…………………. 
     4.1.5. Effect of stain exposure to sunlight…. 
 
4.2. Degradation of Hibiscus stain…….…… 
 
4.3. Scanning electron microscope (SEM) 
observation…………………………………….
 
4.4. X-Ray diffraction (XRD) analysis……. 
 

103 
 

103 
 

104 
105 
105 

 
105 
106 

 
107 

 
110 

 
 
 

110 
 
 

110 
111 
 
 
113 
114 
115 
 
117 
 
 
119 
 
121 
 


