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Abstract

Abstract
Synthesis of hydrophilic polymeric material having certain function
groups with the ability to absorbs some heavy metals and some dyes from
waste water is of a great importance from the point of view of
environmental studies. The present work may be represented as the

following :

The two different methods have been used for the modification of PE-co-

PP non woven fabric via two different techniques:-

1. Coating of (PE-co-PP) with mixture of CMC and AAc by using
(E.B) irradiation.

2. The modification of (PE-co-PP) non-woven fabric by y -
irradiation induced grafting of (AAm) monomer .

3. The modification of hydrophilic substrate to hydrogel was carried
out through the following: The preparation of clay/PVA hydrogel
through freezing and thawing followed by E.B. irradiation. The
different factors which affect the properties of the modified
substrate were investigated. Moreover, the structure properties of
the modified substrate were characterized by SEM, XRD, and IR.
Thermal properties was also investigated by TGA and DSC.
Hydrophilic property of the modified substrate was investigated
by water uptake %.

The results obtained show that the prepared substrates can be used in

the removal of heavy metals and dyes from waste water.
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List of Abbreviations

PE-co-PP | Polyethylene coated polypropylene non-woven fabric.
CMC Carboxymethyl cellulose
AAM Acrylamide
PVA Poly (vinyl alcohol)
MMNT Montomorillonite
AAC Acrylic acid monomer
y-rays The gamma radiation source Cobalt 60
E.B. Electron beam accelerator.
kGy/s Kilo Gray /second.
VAC vinyl acetate
AN acrylonitrile
LDPE low-density polyethylene
AMPS 2-acrylamido-2-methyl propane sulfonic acid
DMF dimetylformamide
PFA poly (tetrafluoroethylene —perfluorovinylether)
CPFs complex polymeric flocculants
5(BR-5) basic red
3(BV-3) | basic violet
BCB brilliant cresyl blue
IA itaconic acid
(MW) molecular weight
UV-VIS Ultraviolet Spectrophotometer
XRD X-ray Diffraction
CIE Commission International de I’Ecairage Units
EDX Energy dispersed X-ray
TGA Thermogravimetric analysis
DSC Differential scanning calorimetry
SEM Scanning electron microscopy
DE* Colour difference intensity
T max Temperatures of the maximum value of the rate of reaction
Th Temperature of the crystalline melting
Tq Glass transition temperature
IR Infra red Spectroscopic analysis.




CONTENTS

=

1.1

1.2
1.3
1.4
1.5
1.6

1.7
1.8
1.9

2.1
2.2
2.3
2.4

CONTENTS

Abstract.
Acknowledgements.
Contents.

List of tables .

List of figures .

List of abbreviations .
Aim of the work .

CHAPTER 1
INTRODUCTION

POIYMEr SCIBNCE. ... . it

Biodegradable Polymers..........cooviiiii i,
Hydrophilic Polymers..........cooiiiiii i

Hydrophobic polymers..........cooo i,
Modification of polymers..........coooiii i,
Types of ionizing radiation..............c.ccoeeiiiiiiiiiiie e,

Interaction of radiation with matter...................cooeveenn.
Radiation effect on polymeric materials........................
Methods of radiation grafting techniques........................
1.9.1. Mutual irradiation technique...................oooeneee.
1.9.2. Pre-irradiation technique..................coeeeenn e,
1.9.3. Peroxide technique............ccoooiiiiiiiiiiiiienns
CHAPTER 2

LITERATURE REVIEW
Radiation grafting copolymerization of polymers.........
Surface modification and coating................cocoeveennnn.
Preparation of hydrogels.............ooooi i,
Applications of modified polymers................cc.eenee.
2.4.1. Removal of heavy metal ions from waste water......

2.4.2. Removal of dyes from waste water......................

Page
no

11
15
19
24
24

27




CONTENTS

=

3.1
3.2

3.3

3.4

4.1

CHAPTER 3
Materials and Experimental techniques
MaterialS. ......o.vir i 31
Experimental Techniques............cooooviiiiiiiiii e, 32
3.2.1. Preparation of Coated PE-co-PP non- woven fabric..... 32
3.2.2. Preparation of grafted with PE-co-PP non-woven fabric...... 33
3.2.3. Preparation of PVA-clay hydrogel......................... 33
Analysis and Measurements..........c.oovveve e e cie e annnnn, 34
3.3.1. Gl fraCtion......c.e v 34
3.3.2. Swelling behavior in water and different solvents........ 34
3.3.3. Water uptake %0.......ccoovrieiiiiiiieieec e 35
3.3.4. Chemical stability of samples towards acids and alkalis 35
3.3.5. Dye sorption measurements............c.oevvvvvvvieeneennnn. 35
3.3.6. Color- difference Intensity (AE*).........ccooviiiiiiiiinin 39
3.3.7. Sorption of heavy metal ions...............ccooiiiiennn 39
INStrUMEeNtation..........co.viuie e e 40
3.4.1. Ultraviolet SpectroSCOPY ... ..ccvvevieiiiiiece e e ennen, 40
3.4.2. Thermogravimeteric analysis (TGA)............ccoevnee. 40
3.4.3. Differential Scanning Calorimeter (DSC).... ............ 40
3.4.4. Scanning electron microscope (SEM)............ccoenes 40
3.4.5. Energy Dispersive X-Ray (EDX).......ccccovvvviiiiniennn, 40
3.4.6. X-ray Diffraction (XRD).......c.ccoviiiiiiiiiii e, 41
3.4.7. Mechanical properties..........cooveveiiiiiiiiiiieennn. 41
3.4.8. IR Spectroscopic analysiS.......c.ccovevveveiiiiiniinennn, 41
CHAPTER 4

RESULTS AND DISCUSSION 42
Coating of (PE-co-PP) with mixture CMC and AAc by using
(E.B)irradiation..........cooiviir i e, 43
4.1.1. Effect of (AAc) monomer concentration on coating %.. 45
4.1.2. Durability of coating layer towards washing cycles...... 48
4.1.3. Water uptake% of coated PE-CO-PP........................ 51
4.1.4. Durability of water up take %.......ccccevvvvvieviieciecieeceene, 55

4.1.5. Swelling in water and different organic solvents......... 58




CONTENTS

=

4.2,

421

4.2.2.

4.2.3.

4.2.4
4.2.5
4.2.6

4.2.7
4.3
43.1

4.3.2
4.3.3

4.1.6. The chemical stability of PE-co-PP towards acids and

AIKAES ... 59
4.1.7. Application of treated fabrics for recovery of heavy

metal ions and removing of dye wastes from waste water..... 59
4.1.7. 1. Sorption of heavy metal ions by coated PE-co-PP..... 60
4.1.7.1.1. UV / Vis spectrophotometeric analysis................ 60
4.1.7.1.2. Selectivity of the prepared coated films towards a

mixture of metal SaltS.............cooiiiiiiii 63
4.1.7. 2. Removing of dye wastes.............ccoeeeieineenn e, 65
4.1.8.. Structural morphology of PE-co-PP coated fabric...... 69

The modification of (PE-co-PP) non-woven fabric by y —
irradiation induced grafting of (AAm) monomer ...............

73
Mutual irradiation grafting of acrylamide........................ 73
4.2.1.1. Factors affecting the grafting yield...................... 74
4.2.1.1.1. Effect of irradiation dose and dose rate............... 74
4.2.1.1.2. Effect of monomer concentration...................... 77
Hydrophilic properties of grafted samples........................ 79
4.2.2.1. Water UPtake0........cccvevveiieeiie e 79
Infra-red measurements (IR)........c.ccovviiiiiiii i, 81
Morphological structure of graft copolymer...................... 83
Mechanical properties of graft copolymer........................ 85
Sorption of heavy metal by PE-co-PP non-woven fabric
grafted with acrylamide monomer.............c.ccovevvennnn. 89
Comparison between water uptake% and sorption of different
heavy metals ions by grafted and coated PE-co-PP............ 92
The preparation of PVA-clay composite hydrogel through
freezing and thawing followed by E.B irradiation............... 94
Preparation of PVA —clay composite hydrogels................. 96
Effect of electron beam radiation dose on gel fraction .......... 96
Compatibility and thermal properties of PVA —Clay hydrogel 100
4.3.3.1. Differential Scanning Calorimetry (DSC)............. 100
4.3.3.2. X-ray diffraction analysis(XRD)...........ccccevvene.. 102
4.3.3.3. FTIR AnalysiS.......ccovviiiiiiiiiiii e, 105

4.3.3.4. Structure morphology........ccooviiiiiiiiiiiiiiiie . 108




CONTENTS

=

4.3.4

435

4.3.6
4.3.7

4.3.8

4.3.3.5.Thermogravimetric analysis (TGA)..................... 110
4.3.3.5.1. Initial TGA thermograms and weight loss............ 110
4.3.3.5.2. Temperatures of maximum rate of reaction........... 114
Swelling Behavior of PVA/Clay hydrogel in water and
different solvents..........oie i 117
Swelling behavior of clay/ PVA hydrogel in dilute acid and
alkaline solutions..........c.coo i 118
Water UPLaKe Y0......ccveeieeieecieeciee e 119
Treatment of waste water by the prepared hydrogel.................. 122
4.3.7.1. Metal ions uptake..........ccoeiiiiiiiiiiii e, 122
4.3.7.1.1. UV/ Vis sepectrophotometric analysis................ 122
4.3.7.1.2. Scanning electron miCroSCOPY........ccvevvevreeennes 126
4.3.7.2. Sorption of dye waste by clay- PVA hydrogel......... 129
Treatment of industrial dye waste................ccoeieeienn.n, 133
Summary and Conclusions..........cvvviiiiiii e, 135
REFERENCES ...t e e, 139
ArabiC SUMMAIY ... ..ot e e e 150



List of Tables

No.

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7
Table 8

Table 9

Table 10

Table 11

Table 12

Tablel3

List of Tables

Effect of monomer concentration and washing cycle
ON COALING %0 vt e
Relation between weight loss % of the coated layer
and AAc monomer concentration.......................
Durability of water uptake% of coated layer towards
washingcycle. ... ...
Swelling of coated PE-co-PP non woven fabric in
organic solvents and water after 24 hours. ............
The chemical stability of coated PP-co-PE towards
acid and alkali after immersion time equal to 2 hours
Sorption of heavy metal ions(with concentration
500ppm) by coated PE-co-PP non woven fabric ......
Selectivity of coated fabric towards different cations
Color strength of basic and reactive dye by coated
PE-co-PP at different times at room temperature. ...
Sorption of different heavy metal ions by 80%
acrylamide grafted PE-co-PP non woven fabric ......
Comparison between water uptake% by grafted and
coated PE-co-PP. non woven fabric ..................
Comparison between sorption of different heavy
metal ions by grafted and coated PE-co-PP non
woven fabric............

Glass transition and melting temperatures of 20%, 50
% and 60 % clay / PVA hydrogel. .....................
Summary of XRD patterns of pure clay and hydrogel
with various contents of PVA and clay .............

Page

48

49

56

58

59

61
63

69

89

92

93

102

103




List of Tables

Table 14

Table 15

Table 16

Table 17

Table 18

Table 19

Weight loss (%) at different decomposition
temperatures for pure PVA, and pure clay and
hydrogel with different ratios............................
Temperature of the maximum values of the rate of
thermal decomposition reaction Tyax for hydrogels
based on pure PVA and its composite with different
clay ratios prepared by E.B irradiation at a dose of
Swelling of hydrogel containing 50%, 60%(clay/
PVA) in different organic solvents.....................

The chemical stability of hydrogels (clay/ PVA)
towards acid and alkali................oooiiiii i,
Color strength measurment of PVA 50% clay
hydrogel after absorption of reactive and basic at
room temperature over night.......................o.ee.

Color difference intensity (AE") of (clay/ PVA)

immersed in industrial dye waste for different times

112

115

118

119

133

134




List of Figures

No.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

10

11

List of Figures

UV/vis. absorbance of different concentrations of basic
sandocryl blue at wave length 660nm.....................
UV/vis. absorbance of different concentrations of the
reactive dye Ramazol Golden at wave length 384nm....
The effect of AAc concentration on coating % of PE-
co-PP coated with a layer of CMC and AAc irradiated
at 30kGy at constant concentration of CMC...............
Effect of washing cycle on coating % of PE-co-PP coated
with a layer of CMC and AAc irradiated at 30 kGy..........
Effect of immersion time (hrs)on water uptake% of non
woven fabric of coated PE-co-PP with different AAc
concentrations at constant concentration of CMC ......
The effect of AAc% on water uptake % of coated PE-
co-PP at fixed immersion time equal to 5 hrs.............
Durability of water uptake % of coated layer of PE-co-
PP towards washing cycles.............oooovviieiiinnnnnn.
Metal ions uptake % of coated PE-co-PP at different
IMMErSION tIMES... ..ttt
Energy dispersed X-ray spectrum of PE-co-PP coated
with layer of CMC and AAc loaded with different
metal ions Cu, NI, CO...vvvveiii e
Dye uptake % of the basic dye by PE-co-PP at different
immersion times at room temperature......................
Dye uptake % of the reactive dye by PE-co-PP at

different immersion times at room temperature...........

Page

37

38

47

50

53

54

57

62

64

67




List of Figures

Fig. 12

Fig .13

Fig.14

Fig.15

Fig.16
Fig.17

Fig.18
Fig.19

Fig. 20

Fig. 21

Fig. 22

Fig. 23

SEM micrographs of the surface morphology of PE-co-
PP before and after electron beam surface coating with
CMC and AAc and irradiated to 30 KGy..................

SEM micrographs of PE-co-PP coated fabric surface
after recovery of different metal ions Cu*?, Ni*?, Co™.
Effect of radiation dose on the degree of grafting of
acrylamide monomer concentration (10%) onto PE-co-
PP non-woven fabric at different irradiation dose rates..
Effect of monomer concentration on degree of grafting
of acrylamide onto PE-co-PP non-woven fabric
irradiated at 20kGy at different dose rates.................
Effect of different time intervals on water uptake% of
grafted samples at different degrees of grafting..........
IR-spectra of ungrafted and grafted PE-co-PP fabrics.
SEM micrographs of PE-co-PP fabrics...................
Effect of different degrees of grafting on the stress at

break of the grafted PE-co-PP non woven fabric.

Effect of different degrees of grafting on the elongation

at break of the grafted PE-co-PP non woven fabric....

Dependence of metal ions uptake% on degree of
grafting of the grafted non- woven fabric...............

Effect of electron beam irradiation dose on gel fraction
% at different hydrogel compositions......................
Effect of different clay/ PVA % on gel fraction % at

constant irradiation dose (20kGY).........cccevvvieiniennnn,

71

72

76

78

80

82
84

87

88

91

98

99




List of Figures

Fig. 24

Fig 25

Fig. 26

Fig.27

Fig.28

Fig.29

Fig.30

Fig 31

Fig.32

Fig .33

Fig. 34

XRD Patterns of pure clay and different ratios of
ClAY/PVA . .o e
IR spectra of pure clay sample and different ratios of
Clay/ PV A .

SEM micrographs of PVA [/ clay hydrogel with
different ratios.........c.ooveieiie i
TGA thermograph of PVA / clay with different ratios..

Rate of reaction(dw /dt) vs. temperature for clay/ PVA
hyrogel with different comositions........................

Effect of immersing time on water uptake % (clay/
PVA) hydrogel prepared at 20 (KGY)..........covevnennen.
Effect of immersion time on metal ions uptake of
hydrogel containing 50% clay.............c..ccooviiiennnns
Effect of immersion time on metal up take of hydrogel
containing 60% clay................coocoieiennnn,

SEM micrographs of the fracture surface of PVA 50%
clay hydrogel before and after recovery with metal

SEM micrograph of the fracture surface of PVA 60%
clay hydrogel before and after recovery with metal ions
Dye up take% of basic dye (sandocryl blue) by clay /
PVA hydrogel at different immersion times at room

EMPEIALUIE. ... e e

104

107

109
113

116

121

124

125

127

128

130




