
`ƒ‹?r⁄\«†?t‹ƒ¶¡‒†ƒ‡„
e\|·“‡„ ›¢ v›«\‹ ¢›‒ `‒‡†K
r|ƒ¡‹|¡?\‹~?d~·|\‡ƒ›‹

b\ƒ‒›K d£„fi‡M

q¡«›¶\“?›¢?•\‡¡‒?fi›““·‡ƒ›‹?‘„?‹›‹L
ƒ‒‒\~ƒ\‡¡~ \‹~ £\««\?ƒ‒‒\~ƒ\‡¡~ m\L`

†„‹‡⁄¡‡ƒ| ”¡›“ƒ‡¡†

`?s⁄¡†ƒ†
r·‘«ƒ‡‡¡~?¢›‒ o\‒‡ƒ\“?e·“¢ƒ““«¡‹‡?›¢?‡⁄¡?q¡fl·ƒ‒¡«¡‹‡?e›‒?s⁄¡

c¡£‒¡¡?›¢?l\†‡¡‒?›¢?r|ƒ¡‹|¡ Go⁄„†ƒ|\“?b⁄¡«ƒ†‡‒„HM

o‒¡†¡‹‡¡~?‘„
v\“\\?l›\‹¡†?l›⁄\«¡~ `†¤¡‒

r·fi¡‒¶ƒ†›‒†
o‒›¢M c‒M m\~ƒ\?`M x›·††¡¢

o‒›¢M ›¢ o⁄„†ƒ|\“?b⁄¡«ƒ†‡‒„
e\|·“‡„?›¢ v›«\‹ ¢›‒ `‒‡†K r|ƒ¡‹|¡?\‹~?d~·|\‡ƒ›‹

`ƒ‹?r⁄\«†?t‹ƒ¶¡‒†ƒ‡„K d£„fi‡

o‒›¢M c‒M l›⁄\«¡~?lM r¡“ƒ« c‒M `⁄«\~?r⁄\¢ƒ¡¤?m\~\

o‒›¢M ›¢?o⁄„†ƒ|\“?b⁄¡«ƒ†‡‒„ `††ƒ†‡\‹‡?o‒›¢M ›¢?o⁄„†ƒ›“›£„
m\‡ƒ›‹\“?q¡†¡\‒|⁄?b¡‹‡¡‒K

c›¤¤ƒK b\ƒ‒›
d£„fi‡

m\‡ƒ›‹\“?b¡‹‡¡‒?¢›‒?q\~ƒ\‡ƒ›‹
q¡†¡\‒|⁄?\‹~?s¡|⁄‹›“›£„
`‡›«ƒ|?d‹¡‒£„?`·‡⁄›‒ƒ‡„K

m\†‒?bƒ‡„K b\ƒ‒›K d£„fi‡

吉菊鞠吃



`ƒ‹?†⁄\«†?t‹ƒ¶¡‒†ƒ‡„

e\|·“‡„?›¢?v›«\‹ ¢›‒?`‒‡†K

r|ƒ¡‹|¡?\‹~?d~·|\‡ƒ›‹K

b⁄¡«ƒ†‡‒„?c¡fi\‒‡«¡‹‡M

r‡·~¡‹‡?m\«¡ Y v\“\\?l›\‹¡†?l›⁄\«¡~

r|ƒ¡‹‡ƒ¢ƒ|?c¡£‒¡¡ Y aMr|

c¡fi\‒‡«¡‹‡ Y b⁄¡«ƒ†‡‒„

m\«¡?›¢?e\|·“‡„ Y t‹ƒ¶¡‒†ƒ‡„?b›““¡£¡?¢›‒?fƒ‒“†M

t‹ƒ¶¡‒†ƒ‡„ Y `ƒ‹?r⁄\«†?t‹ƒ¶¡‒†ƒ‡„M

aMr|M f‒\~·\‡ƒ›‹ c\‡¡Y 吉菊菊吃

lMr|M f‒\~·\‡ƒ›‹ c\‡¡Y 吉菊鞠吃



`ƒ‹?†⁄\«† t‹ƒ¶¡‒†ƒ‡„
e\|·“‡„?›¢ v›«\‹?¢›‒ `‒‡†K
r|ƒ¡‹|¡?\‹~?d~·|\‡ƒ›‹

b\ƒ‒›K d£„fi‡M

q¡«›¶\“?›¢?•\‡¡‒?fi›““·‡ƒ›‹?‘„?‹›‹L
ƒ‒‒\~ƒ\‡¡~ \‹~ £\««\?ƒ‒‒\~ƒ\‡¡~

†„‹‡⁄¡‡ƒ|?”¡›“ƒ‡¡

r·fi¡‒¶ƒ†¡~?‘„Y `ooqn`udc

o‒›¢M c‒M m\~ƒ\ `M x›·††¡¢
o‒›¢M ›¢?o⁄„†ƒ|\“ b⁄¡«ƒ†‡‒„

o‒›¢M c‒M l›⁄\«¡~?lM r¡“ƒ«

o‒›¢M ›¢?o⁄„†ƒ|\“?b⁄¡«ƒ†‡‒„

c‒M`⁄«\~?r⁄\¢ƒ¡¤?m\~\

`††ƒ†‡\‹‡?o‒›¢M ›¢?o⁄„†ƒ›“›£„

`ooqn`udc

g¡\~?›¢?b⁄¡«ƒ†‡‒„?c¡fi\‒‡«¡‹‡
o‒›¢M c‒M



s›?«„ «›‡⁄¡‒K ¢\‡⁄¡‒K «„

“›¶¡“„?⁄·†‘\‹~ \‹~?\““?«„

¢\«ƒ“„

h \«?¶¡‒„?£‒\‡¡¢·“ ‡›?\““?›¢

„›· ¢›‒?„›·‒?†·fifi›‒‡K

¤ƒ‹~‹¡††?\‹~?“›¶¡

•\“\\

v\“\\



畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿 企? 畿畿畿畿畿畿畿畿畿畿畿畿喜 畿畿畿
伎企寄畿畿畿畿畿畿畿畿畿畿 企貴?徽 畿畿畿 企貴

翫 畿畿畿畿畿畿 企? 畿畿畿畿畿畿畿畿畿畿

顔?翫 企? ?喜 企? 企幾? ? 企?喜 企?徽企
貴? ?旗 企

?

? ?翫 貴

?紀企? 希寄? ?徽 企

H?翫G

祈企 企?

企M寄?M? 企? ? 寄

?翫 企?岐 企企

喜 企?L?

企M寄M??????????????????????? ? ?寄M企 ? ? 企
雁?翫 企?岐企?岐 雁?企

????器 ? 企? 企?????????????????棋 企? 貴?器 ? 企? 企

????????????????????????????????????????????????????????????????????? 希 企? 企?? 尭

吉菊鞠吃



喜 畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿 企? 畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿
伎企寄畿畿畿畿畿畿畿畿畿畿 企貴?徽 畿畿畿 企貴

翫 畿畿畿畿畿畿 企? 畿畿畿畿畿畿畿畿畿畿

H? 希G

????????? 企? 企?Y?翫 貴?

?? 企?規企?Y?翫 企? ?喜 企? 企幾顔?喜 企?徽企

貴? ? 企? ?旗 企

????????? 希 企? 企?Y徽 企? ?H?翫G

?????祈企 企?Y
企M寄?M? 企? ? 寄

?翫 企?岐 企企

喜 企?L??

企M寄M?????????????????????????? ? ?寄M企 ? ? 企

雁?岐?翫 企企?岐 雁???????? ?

??????????器 ? 企? 企? 企? 企棋 企? 貴?器

? 尭? 希 企? 企



畿畿 ? ? 畿畿畿
喜 畿畿畿畿畿畿畿畿畿畿畿畿畿 企? 畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿畿

伎企寄畿畿畿畿畿畿畿畿畿畿 企貴?徽 畿畿畿 企貴
翫 畿畿畿畿畿畿 企? 畿畿畿畿畿畿畿畿畿畿

企? 企畿畿畿畿畿畿Y翫 貴?

企? 希 企畿畿Y徽 ?忌 希

企? 企Y翫 企

企? 企畿畿畿畿畿畿畿畿畿?Y企貴?徽 企貴?伎企寄 ?喜 企

企畿畿畿畿畿畿畿畿畿畿畿畿畿?Y?

企?畿畿畿畿畿畿基Y吉菊菊吃

企?畿畿畿畿畿畿畿畿畿?Y吉菊鞠吃



 I 

AACCKKNNOOWWLLEEDDGGMMEENNTT  

  

Praise and thanks be to Allah, the most merciful for assisting 

and directing me the right way. 

I would like to express my sincerest thanks to Prof Dr. 

Nadia A. Youssef, Professor of Physical Chemistry, Chemistry 

Department, and College for Girls for Arts, Science and Education, 

Ain Shams University for continuous supervision, advice and 

support. 

I would like also to express my deepest gratitude to Prof. 

Dr. M. M. Selim, Professor of Physical Chemistry, Department of 

Physical Chemistry, Surface Chemistry and Catalysis lab, National 

Research Center for suggesting the point of this research and for his 

continuous  advice and enhancement throughout this work. 

I would like also to express my thanks to Dr. Ahmad 

Shafiek Nada, Assistant Prof. of Physiology, National Center For 

Radiation Research and Technology (NCRRT), Atomic Energy 

Authority, for his help and advice during the work. 

I would like also to express my thanks to my college Dr. 

Fatma and Hend for these valuable discussion and continuous 

supervision. 

 Last, but not least, I would like to thank my family 

especially my mother, father, my lovely husband and my child for 

their continuous love, encouragement, and support that kept me 

motivated during my studies and I give this work for them and all 

my family.  



 II 

 

CONTENTS 
Page‌ 

I‌ACKNOWLEDGMENT 
II‌CONTENTS 
VI LIST OF TABLES 
XI LIST OF FIGURES 

XIX LIST OF SYMBOLS AND ABBREVATIONS 
XX AIM OF THE WORK 
XXI ABSTRACT 

CHAPTER (I) 
INTRODUCTION 

˺ I.˺.    Water Pollution. 
˻ I.˻.    Heavy Metals.  
˽ I.˻̄˺  Lead and its impact on human health. 
˾ I.˻̄˻. Cadmium and its impact on human health. 
̀ I.˻̄˼. Copper and its impact on human health. 
́ I.˼.    Heavy Metal Waste Water Treatment Techniques. 
́ I.˼̄˺. Chemical Precipitation 
˺˺ I.˼̄˻.  Adsorption. 
˺˽ I.˼̄˼.  Membrane filtration.  
˺˿ I.˼̄˽  Coagulation and flocculation. 
˺̀ I.˼̄˾. Flotation. 
˺́ I.˼̄˿. Electrochemical treatment. 
˺́ I.˼̄̀. Ion exchange. 
˻˹ I.˽.    Molecular sieve. 
˻˺ I.˾.    Zeolites. 
˻˻ I.˾̄˺. The comparative ion exchange capacities of       ‌‌‌‌

‌‌‌‌‌‌‌‌‌natural sedimentary and synthetic zeolite. 
˻˽ I.˾̄˻. Structure of zeolite. 
˻˿ ˺̄˾̄˼. Applications of zeolite. 

˻́ I.˾̄˽. Na-A Zeolite 
˼˹ I.˾̄˽̄˺.. Structure of Na-A zeolite 



 III 

˼˼ I.˾̄˽̄˻. Characerization of Na-A zeolite 

˼́ I.˿.        Ion-Exchange Theory. 
˼̂ I.˿̄˺.    Ion exchange properties of zeolites 
˽˺ I.̀.       Atomic Absorption 
˽˻ I.̀̄˺.    Atomic absorption calibration  
˽˼ I.́.        Gamma rays. 
˽˽ I.́̄˺.    Effect of radiation on zeolites:   

CHAPTER ǿǿ 
EXPERIMENTAL 

˽̀ ǿǿ.˺.      Starting Materials. 
˽́ II.˻.      Method of Preparation.   
˽́ II.˼.      Apparatus and Techniques. 
˾˺ II.˽.      Characterization of the Prepared Synthetic Na-A 

Zeolite 
˾˺ II.˾.      Irradiation of zeolite  
˾˻ II.˿       Adsorption Technique. 
˾˻ II.˿̄˺ Batch adsorption experiments (Static  

technique). 
˾˼ II.˿̄˻    Fixed bed experiments. 
˾˾ II.̀.    Effect of the presence of competing Ions on metal 

removal 
˾˿ II.́.      Effect of time 
˾˿ II.̂.      Effect of pH. 
˾˿ II.̂.˺   Stability experiment: (pH adjustment by ˹̄˺ N   

NaOH or ˹̄˺ N HNO˼) 
˾˿ II.̂.˻    Adjustment pH by (Boric Acid –Borax Buffer). 

CHAPTER ǿǿǿ 
RESULTS AND DISCUSSION 

˿˹ III.˺     Characteristics of Adsorbent Material 
˿˹ I II.˺.˺   X-ray characterization of prepared Na-A zeolite 
˿̂ III.˺̄˻  IR Spectra of prepared Na-A zeolite: 
̀˾ III.˺̄˼  SEM (Scanning electron microscopy): 
̀́ III.˻     The Effect of Initial Concentration: 
̀́ III.˻̄˺   Batch adsorption experiments (Static Way): 
̀̂              Lead ions. 



 IV 

́˽             Cadmium ions. 
́̂             Copper ions. 
̂̀ IIII.˻̄˻. Fixed bed column experiments (dynamic   

method): 
̂́              Lead ions: 
̂̂              Cadmium ions: 
˺˹˹              Copper ions 
˺˹˻ III.˼.  Effect of Metal Ions Competition on Their    

Removal by Na-A Zeoilte. 
˺˹˽ III.˼̄˺   Adsorption of Pb˻2 in binary system. 
˺˹˽             Adsorption of Pb˻2 in synthetic waste water  

         contain   (Pb˻2 -Cu˻2) mixture                             
˺˹́ Adsorption of Pb˻2 in synthetic waste water      

contain    (Pb˻2 -Cd˻2) mixture.  
˺˺˽ III.˼̄˻.  Adsorption of Cd ˻2 in binary system 

˺˺˽ Adsorption of Cd˻2 in synthetic waste water           
contains (Cd˻2- Pb˻2) mixture : 

˺˺́    Adsorption of Cd˻2 in synthetic waste water 
contain (Cd˻2- Cu˻2) mixture. 

˺˻˽ III.˼̄˼.   Adsorption of Cu ˻2 in binary system. 

˺˻˽ Adsorption of Cu˻2   in synthetic waste water           
contains (Pb˻2 - Cu˻2) mixture: 

˺˻́   Adsorption of Cu˻2 in synthetic waste water     
contains (Cd˻2 - Cu˻2) mixture. 

˺˼˼ III.˽.     Time Effect: 
˺˼˼              Lead ions. 
˺˼˽              Cadmium ions. 
˺˼˾              Copper ions. 
˺˼˿ III.˾.      PH  Effect. 
˺˼˿ III.˾̄˺.   Effect of pH on stability of solution                   
˺˼˿           Lead ions. 
˺˼̀           Cadmium ions. 
˺˼̀              Copper ions. 



 V 

˺˼́ III.˾.˻.  pH Adjustment by (Boric Acid –Borax Buffer).  
˺˼̂             Lead ions. 
˺˽˹             Cadmium ions. 
˺˽˺             Copper ions. 

 
˺˽˽            Smmary 
˺˽̂            Conclusions   
˺˾˻            Refferences 

‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌
‌‌



 VI 

‌‌
LLIISSTT  OOFF  TTAABBLLEESS    

 
PAGE TITLE TAB. NO. 

˼˾ Zeolite IR assignments (in cm-˺) Table (˺) 
˿˺ The results of x - ray for zeolite Na-A 

samples and standard  ASTM card No: 
˼̂-˻˻˻: 

Table (˻) 

˿˼ Effect of x-ray data for gamma irradiated 
Na-A synthetic zeolite with ˻̄˾ kGy 

Table (˼) 

˿˾ The results of x-ray data for gamma 
irradiated Na-A zeolite with ˾ kGy 

Table (˽) 

˿̀ The results of x ray for irradiated zeolite 
Na-A with ˺˹ kGy. 

Table (˾) 

̀˽ Represent peak intensity of Na-A zeolite 
different doses of gamma radiation. 

Table (˿) 

̀̂ The results show ion exchange of lead 
ions by none irradiated Na-A zeolite. 

Table (̀) 

́˺ The results show adsorption of lead ions 
by ˻̄˾ kGy irradiated Na-A zeolite. 

Table (́) 

́˻ The results show adsorption of lead ions 
by ˾ kGy Na-A irradiated zeolite. 

Table (̂) 

́˼ The results show adsorption of lead ions 
by ˺˹ kGy irradiated Na-A zeolite. 

Table (˺˹) 

́˾ The results show adsorption of cadmium 
ions by none irradiated Na-A zeolite 

Table (˺˺) 

́˿ The results show adsorption of cadmium 
ions by ˻̄˾ kGy irradiated Na-A zeolite. 

Table (˺˻) 

́̀ The results show adsorption of cadmium 
ions by ˾ kGy irradiated Na-A zeolite. 

Table (˺˼) 

́́ The results show adsorption of cadmium 
ions by ˺˹ kGy irradiated Na-A zeolite. 

Table (˺˽) 

́̂ The results show adsorption of copper 
ions by non irradiated Na-A zeolite 

Table (˺˾) 

̂˺ The results show adsorption of copper 
ions by ˻̄˾ kGy irradiated Na-A zeolite. 

Table (˺˿) 



 VII 

PAGE TITLE TAB. NO. 
̂˻ The results show adsorption of copper 

ions by ˾ kGy irradiated Na-A zeolite. 
Table (˺̀) 

̂˼ the results show adsorption of copper ions 
by ˺˹ kGy irradiated Na-A zeolite. 

Table (˺́) 

̂˿ Represents ionic radii, hydrated ionic 
radii and free energies of hydration for 
certain ions. 

Table (˺̂) 

̂́ The results show adsorption of lead ions 
by non irradiated Na-A zeolite. 

Table (˻˹) 

̂̂ The results show adsorption of cadmium 
ions by non irradiated Na-A zeolite 

Table (˻˺) 

˺˹˹ The results show adsorption of copper 
ions by none irradiated Na-A zeolite 

Table (˻˻) 

˺˹˽ The results show competition effect of 
(Cu˻2-Pb˻2) mixture on lead ions removal 

Table (˻˼) 

˺˹˾ The results show competition effect of   
(Cu˻2-Pb˻2) mixture on lead ions removal 
by ˻̄˾ kGy irradiated Na-A zeolite. 

Table (˻˽) 

˺˹˿ The results show competition effect of 
(Cu˻2-Pb˻2) mixture on lead ions removal 
by ˾ kGy irradiated Na-A zeolite. 

Table (˻˾) 

˺˹̀ The results show competition effect of 
(Cu˻2-Pb˻2) mixture on lead ions removal 
by˺˹ kGy irradiated Na-A zeolite. 
 

Table (˻˿) 

˺˹́ The results show competition effect of 
(Cd˻2-Pb˻2) mixture on lead ions removal 
by non irradiated Na-A zeolite. 

Table (˻̀) 

˺˹̂ The results show competition effect of 
(Cd˻2-Pb˻2) mixture on lead ions removal 
by ˻̄˾ kGy irradiated Na-A zeolite. 

Table (˻́) 

˺˺˹ The results show competition effect of 
(Cd˻2-Pb˻2) mixture on lead ions removal 
by ˾ kGy irradiated Na-A zeolite. 

Table(˻̂ ) 

˺˺˺ The results show competition effect of Table (˼˹) 



 VIII 

PAGE TITLE TAB. NO. 
(Cd˻2-Pb˻2) mixture on lead ions removal 
by ˺˹ kGy irradiated Na-A zeolite. 

˺˺˽ The results show adsorption effect of the 
presence of competing (Cd˻2-Pb˻2) on 
cadmium ions removal by on irradiated 
Na-A zeolite. 

Table (˼˺) 

˺˺˾ The results show adsorption effect of the 
presence of competing (Cd˻2-Pb˻2) on 
copper ions removal by ˻̄˾ kGy 
irradiated Na-A zeolite. 

Table (˼˻) 

˺˺˿ The results show adsorption effect of the 
presence of competing (Cd˻+-Pb˻2) on 
copper ions removal by ˾ kGy irradiated 
Na-A zeolite. 

Table (˼˼) 

˺˺̀ The results show adsorption effect of the 
presence of competing (Cd˻2 -Pb˻2) on 
copper ions removal by ˺˹ kGy irradiated 
Na-A‌zeolite… 

Table (˼˽) 

˺˺́ The results show adsorption effect of the 
presence of competing (Cd˻2-Cu˻2)‌‌‌on 
copper ions removal by non irradiated Na-
A zeolite. 

Table (˼˾) 

˺˺̂ The results show adsorption effect of the 
presence of competing (Cd˻2-Cu˻2)‌‌‌on 
copper ions removal by ˻̄˾ kGy 
irradiated Na-A zeolite. 

Table (˼˿) 

˺˻˹‌
 

The results show adsorption effect of the 
presence of competing (Cd ˻2-Cu˻2)‌on 
copper ions removal by ˾ kGy irradiated 
Na-A zeolite. 

Table (˼̀) 

˺˻˺‌The results show adsorption effect of the 
presence of competing (Cd˻2- Cu˻2)‌on 
copper ions removal by ˺˹ kGy irradiated 
Na-A zeolite. 

Table (˼́) 

˺˻˽‌The results show adsorption effect of the 
presence of competing (Cu˻2- Pb˻2)‌on 

Table (˼̂) 


