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ABSTRACT

ABSTRACT

The Sharm El-Sheikh area is one of the most attractive touristic
resorts in Egypt and in the world in general. The Sharm El-Shiekh area
is located at the arid region of the South Sinai Peninsula, Egypt. Water
desalination is considered the main freshwater supply for hotels and
resorts. Scarcity of rainfall during the last decades, high pumping rates,
disposal of reject brine water back into the aquifer, and seawater
intrusion have resulted in the degradation of groundwater quality in the
main aquifer. Water chemistry, stable isotopes, Seawater Mixing Index
(SWMI), and factorial analyses were utilized to determine the main
recharge and salinization sources as well as to estimate the mixing
ratios between different end members affecting groundwater salinity in
the aquifer. The groundwater of the Miocene aquifer is classified into
two groups: group I represents 10 % of the total samples, has a
moderately high saline groundwater, and is mostly affected by seawater
intrusion. Group II represents 90 % of the total samples and has a high
groundwater salinity due to the anthropological impact of the reject
brine saline water deeper into the Miocene aquifer. The main
groundwater recharge comes from the western watershed mountain and
the elevated plateau while the seawater and reject brine are considering
the main sources for groundwater salinization. The mixing ratios
between groundwater recharge, seawater, and reject brine water were
calculated using water chemistry and isotopes. The calculated mixing
ratios of group I range between 25 and 84 % recharge groundwater to
75 and 16 % seawater, respectively, in groundwater located close to the
western watershed mountain indicating further extension of seawater
intrusion. However, the mixing percentages of group II range between
21 and 88 % reject brine water to 79 and 12 % seawater, respectively,
in groundwater located close to the desalination plants. The outcomes
and conclusion of this study highlight the importance of groundwater
management to limit further groundwater deterioration of the Miocene
groundwater aquifer and limit seawater intrusion along the coast.

Water desalination using reverse osmosis membrane is crucial
and could be considered as the only source for sustainable fresh and
potable water in the area. Therefore, a new approach for modification
of polyamid thin film composite membrane PA(TFC) using synthesized
ZnO nanoparticles (ZnO NPs) was shown to enhance the membrane
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performances for reverse osmosis water desalination. First, active layer
of synthesis PA(TFC) membrane was activated with an aqueous
solution of free radical graft polymerization of hydrophilic methacrylic
acid (MAA) monomer onto the surface of the PA(TFC) membrane
resulting PMAA-g-PA(TFC). Second, the PA(TFC) membrane has
been developed by incorporation of ZnO NPs into the MAA grafting
solution resulting the ZnO NPs modified PMAA-g-PA(TFC)
membrane. The surface properties of the synthesized nanoparticles and
prepared membranes were investigated using the FTIR, XRD and SEM.
Morphology studies demonstrated that ZnO NPs have been successfully
incorporated into the active grafting layer over PA(TFC) composite
membranes. The zinc leaching from the ZnO NPs modified PMAA-g-
PA(TFC) was minimal, as shown by batch tests that indicated
stabilization of the ZnO NPs on the membrane surfaces. Compared with
the a pure PA(TFC)and PMAA-g-PA(TFC) membranes, the ZnO NPs
modified PMAA-g-PA(TFC) was more hydrophilic, with an improved
water contact angle (50 + 3") over the PMAA-g-PA(TFC) (63 + 2.5").
The ZnO NPs modified PMAA-g-PA(TFC) membrane showed salt
rejection of 97% (of the total groundwater salinity), 99% of dissolved
bivalent ions (Ca®’, SO4* and Mg*"), and 98% of mono valent ions
constituents (CI'and Na"). In addition, antifouling performance of the
membranes was determined using E. coli as a potential foulant. This
demonstrates that the ZnO NPs modified PMAA-g-PA(TFC)
membrane can significantly improve the membrane performances and
was favorable to enhance the selectivity, permeability, water flux,
mechanical properties and the bio-antifouling properties of the
membranes for water desalination.

Keywords: Hydrogeochemistry, Isotopes, Seawater intrusion, Reject
brine water, Seawater Mixing Index, Factorial analysis, Sharm EI-
Shiekh, ZnO nanoparticles, Desalination, Grafting, Antifouling,
Morphology, Reverse Osmosis.



ACKNOWLEDGEMENT

ACKNOWLEDGEMENT

The author wishes to express her sincere gratitude and heart full
thanks to the God for continuous and persistent supply with effort and
patience to complete this thesis. PhD study is a long journey and this thesis is
the result of intense work over several years. I have been supported, assisted
and accompanied by many people during this period of study. I would like to
take this opportunity to express my gratitude to all of them.

The first person I would like to thank is my supervisor, Prof. Dr.
Mohamed Sabry Abdel-Mottaleb, Prof. of inorganic chemistry, Faculty of
Science, Ain Shams University, who provided support, advice and guidance
during my PhD study. His excellent knowledge and scientific vision in the
field of my study helped me to discover my passions and potential. This work
is dedicated to the memory of Late Prof. Magdi. H. El Sayed, who was the
main PhD supervisor during 2013 — 2015. His research and supervision during
the course of the study and the field work is much appreciated. His valuable
advice and encouragement led me to overcome difficulties in research. I am
much moved by his conscientious revisions of my PhD comprehensive
proposal, manuscripts, and PhD thesis. I am glad to express my gratitude to
Prof. Dr. Hossam Ahmed Shawky, Prof. of water chemistry,
Hydrogeochemistry department, Desert Research Center for suggestions and
supervising this work, for effective guidance and fruitful discussions his help
to initiate and achieve this work. I wish to express my deepest appreciation to
Prof. Dr. Xianshe Feng (Chemical Engneering Dept. University of Waterloo,
Canada) for his help and for his valuable guidance, critical revision of the
manuscript and encouragement.

I would like to thank The Hydrogeochemistry Department, DRC, for
support and facilities provided throughout this work. Many thanks are also
extended to the Department of Inorganic Chemistry, Faculty of Science, Ain
Shams University and Department of Chemical Engineering, University of
Waterloo, Canada to give great support to continue my PhD, for technical
support as well as providing the departmental resources. The financial support
of Science and Technology Development Fund; STDF (project #12278)
should be acknowledged.

I would like to express my deep thanks and gratitude to my family,
especially my parents for their help and support. This work would have never
been done without their encouragement. Actually, no words can express my
deep and great appreciation to my sincere husband “Mustafa Eissa” for his
help and continuous encouragement. Finally, this work for my pretty daughter
“Alaa” and my delightful sons “Abdullah and Abdulrahman’.

Heba Toawc






List of Contents

LIST OF CONTENTS
Subject Page
List 0of CONteNtS ......vvieiiiii i e 1
List of figures .....oovviviiiiii e v
List of tables .....oooviiiiii e, xi
CHAPTER1
INTRODUCTION

1.1 General outlines..............ocoviiiiiiiiiii e, 1

1.2 Location and description of the study area............... 4

1.3 Geomorphic setting... e ————— 4

1.4 Geology and Hydrogeology ....................................... 6

1.5 Water desalination.................ccoeviiiiiiiiiinnnn, 11

L.5.1. Review of synthesis and surface modification
of thin film composite reverse osmosis
MEMbranes..............c.cccooiiiiiiiiiiiiiiiiiin, 12
1.5.2. Surface modification of the PA(TFC) RO
membrane via radical graft polymerization of
methacrylic acid (MAA)............cccoeeeeeevcunaanen. 14
1.5.3. Surface modification of polyamide Thin Film
composite membrane via incorporation of zinc

oxide nanoparticles...........cccc..coveiiiiiiine. 15
1.5.4. Desalination of sallne water using reverse
OSMOSIS MEMDYANES. .........coveeiiiiiiiieannnnnnn, 18
1.6 Scope of the present work.............cooooviiiiiia. 18
CHAPTER (1)
EXPERMENTAL PART
2.1 Generaloutline..............oviiiiiiiiiiiiiiii 22
2.2 Groundwater sampling and laboratory analyses........ 22
2.3 Statistical Methods. ... 25

2.4  Materials and methods for preparation of ZnO
nanoparticals, PMAA-g-PA(TFC) and ZnO NPs

modified PMAA-g-PA(TFC) membranes............... 26

24.1. Materials.........ccccooiiiiiiiiiiiiiiiii 26

2.4.2.8ynthesis and  characterization of ZnO
NANOPATLICIES ..., 26

2.5  Preparation of PA(TFC) and surface modification by
ZnO nanoparticals incorporated with grafting (MAA)



List of Contents

MEMDTANES. ..ottt e e 27
2.5.1 Preparation of polysulfone support membrane.. 27
2.5.2 Preparation of PA(TFC) membranes... 28

2.5.3 Preparation of PMAA-g-PA(TFC) and ZnO

NPs modified PMAA-g-PA(TFC)membranes.... 28
Membrane characterizations and performance
N SR 1115 1L 30

Antibacterial assessment of PA(TFC), PMAA-g-
PA(TFC) and ZnO NPs modified PMAA-g-PA(TFC)

1018 1010) ¢ 11 L R 32
RESULTS AND DISCUSSIONS
Part I
CHAPTER (I1I)
GEOCHEMISTRY OF GROUNDWATER
General outline.............oooiiii i 34
Groundwater chemistry and salinization origins....... 34
Estimate Mixing with Different Water................... 38
Geochemical ionic ratios and aqueous specification
as mixing iNdicators...........ovevviiiiiiiiiiieieenannn, 40
Factorial analyses of hydrogeochemical data........... 43
Stable isotope for evaluation of groundwater origin... 48
Hypothetical salts assemblages........................... 50
CHAPTER 1V
EVALUATION OF GROUNDWATER
General outlines. ... 51
Evaluation of groundwater for human drinking........ 51
4.2.1. Total dissolved solids.............................. 51
4.2.2. Boron content and silica........................... 52
4.2.3. Heavy metals................cccoeeviiiiiiinnnnnnnnn. 52
Evaluation of groundwater quality for livestock and
POUITY ... 53
Evaluation of groundwater for domestic uses.......... 53
Evaluation of groundwater for irrigation purposes.... 55
4.5.1 The total concentration of soluble salts (TDS)... 55
4.5.2 Effective salinity (ES).........ccccoviiiiiiiinann... 55
4.5.3 The concentration of certain minor elements
(SUCH AS B> ). 56

4.5.4 Residual Sodium Carbonate (RSC)................ 58

i



List of Contents

4.6

5.1
5.2

53

54.

5.5.

5.6.

4.5.5 Sodium Adsorption Ratio (SAR)...................
Evaluation of groundwater for industrial purposes....
PART II
CHAPTER V
SYNTHESIS, CHARACTERIZATION
AND PERFORMANCES OF REVERSE
OSMOSIS MEMBRANES
General outlines.............cooiiiiiiiiiiii
Synthesis of methacrylic acid grafted polyamide thin
film composite membranes PMAA-g-PA(TFC).......
Factors affecting the grafting process of MAA onto
PA(TFC) membrane............cccoeevveviiiniiiennnnnnn...
5.3.1.The Effect of solvent in grafting polymerization
5.3.2. Effect of monomer concentration (methacrylic
acid) on membrane performances................
5.3.3. Effect of MAA concentration on the grafting
degree (%6)......coueiiiiiiiiii
5.3.4. Effect of initiator concentration on membrane
PErfOrmances...........cccouveuuiiiiiiiinnnnnnnnn.
5.3.5. Effect of reaction time on grafting degree and
membrane performances...........................
5.3.6. Effect of temperature on membrane
PErfOrmances...........ccccuvuiuiuiiiiininnnnnnnn.
5.3.7. Mechanism of graft co-polymerization..........
5.3.8. Membrane surface modification by
incorporation of ZnO nanoparticals..............
Characterization of the synthesized ZnO
nanoparticalS.............cooiiiiiiiii
Characterization of the synthetic reverse osmosis
1015 1010) ¢ 1 LS
5.5.1. FTIR SpectroSCOPY.........c.uueuueieiinineennnnnnn.
5.5.2. X-ray diffraction patterns.........................
5.5.3. Morphology analysis of membranes...............
5.5.4. Thermal stability of the membranes...............
5.5.5. Mechanical properties of the synthetic
MEMbranes..............c.cocooiiiiiiiiiiiiiiin
5.5.6. Hydrophilicity of the membranes..................
Membrane performance at different operating
CONAILIONS . ..ottt

i1

58
59

60

61

62
62

63

64

65

67

68
70

73

74

76
77
80
81
84



