Figure 4.1
Figure 4.2

Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8

Figure 4.9
Figure 4.10
Figure 4.11

Figure 4.12

Figure 4.13
Figure 4.14
Figure 5.1

Figure 5.2

Figure 5.3

-aqueous

List of Figures

XRD of synthesized nano crystalline zirconia samples

SEM c?f different samples of synthesized nano crystalline
zirconia

TEM of nano zirconia samples 1A and 1B
TEM of nano zirconia samples 2A and 2B
TEM of nano zirconia samples 2A and 2B~

'DTA /TGA of Zr (OH), (0.075 M)

FTIR of synthesized nano zirconia samples

XRD diffractogram of nano crystalline iron oxide/hydroxide
samples

FTIR of nano crystalline iron oxide/ hydroxide samples
XPS of nano crystalline iron oxide/ hydroxide samples

Magnetization curves of nano crystalline iron oxide/ hydroxide
samples

Raman spectrums of synthesized nano crystalline iron oxide/
hydroxide samples

SEM images of iron oxide/ hydroxide

TEM images of iron oxide/ hydroxide

Effect of contact time on removal (%) of chromium from
solution on nano crystalline zirconia (initial
concentration = 10 mg L™, pH = 6.6, adsorbent dose =2 g Lt
agitation speed= 120 rpm temperature =303K)

A) Surface plot of ‘chromium removal (%) vs. pH’ and initial
concentration mg L") at hold values of adsorbent dose and
temperature at 4 g L' and 303K respectively B) Contour plot of
¢ chromium removal (%) vs. pH and initial concentration (mg L
l)’ at hold values of adsorbent dose and temperature at 4 g
and 303K respectively C) Surface plot of ‘chromium removal
(%) vs. adsorbent dose and initial concentration (mg L™)’ at hold
values of pH and temperature at 3 and 303K respectively D)
Contour plot of ‘chromium removal (%)vs. adsorbent dose and
initial concentration (mg L'y at hold values of pH and
temperature at 3 and 303K respectively

Surface plot of ‘chromium removal (%) vs. pH and adsorbent
dose’ at hold values of initial concentration and temperature at
20 mg L™ and 303K respectively B) Contour plot of ‘chromium
removal (%) vs. pH and dose’ at hold values of initial
concentration and temperature at 20 mg L' and 303K

respectively

Page no.
37
39

41
42
43
44
45

48
50

52

53

54
56

61

62

xiii



Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

Figure 5.15

Optimization plots for removal of chromium from aqueous
solution utilizing nano crystalline zirconia

Linear Langmuir isotherm plot of chromium removal using nano
crystalline zirconia (dots represent the experimental data and
lines represent the data estimated by the model)

Linear Freundlich isotherm plot of chromium removal using
nano crystalline zirconia (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear Freundlich isotherm plot of chromium removal using
nano crystalline zirconia obtained by error analysis method (dots
represent the experimental data and lines represent the data
estimated by the model)

Nonlinear Langmuir isotherm plot of chromium removal using
nano crystalline zirconia obtained by error analysis method (dots
represent the experimental data and lines represent the data
estimated by the model)

Nonlinear Langmuir isotherm plot of chromium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear Freundlich isotherm plot of chromium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent
the data estimated by the model)

Linear pseudo-first order plot of chromium removal using nano
crystalline zirconia (dots represent the experimental data and
lines represent the data estimated by the model)

Linear pseudo-second order plot of chromium removal using
nano crystalline zirconia (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear pseudo-first order plot of chromium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear pseudo-second order plot of chromium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear pseudo-first order plot of chromium removal using
nanocrystalline zirconia obtained by error analysis function (dots
represent the experimental data and lines represent the data
estimated by the model)

xiv

63

65

65

67

67

69

69

70

71

72

73

73



Figure 5.16

Figure 5.17
Figure 5.18

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10

Nonlinear pseudo-second order plot of chromium removal usi'ng
nano crystalline zirconia obtained by error analysis function

(dots represent the experimental data and lines represent the data
estimated by the model)

Intraparticle diffusion plot for removal of chromium from
aqueous solution utilizing nano crystalline zirconia

Boyd model plot for removal of chromium from aqueous using
nano crystalline zirconia

Effect of contact time on removal (%) of chromium from
aqueous solution on nano crystalline iron oxide/hydroxide
(initial concentration = 10 mg L™, pH = 6.6, adsorbent dose =
2 gL, agitation speed= 120 rpm temperature = 303K)

(A) Effect of pH (adsorbent dose = 4 g L, initial concentration
=20mgL", temperature = 303 K) (B) Effect of adsorbent dose
(Initial pH=2, initial concentration = 20 mg L™, temperature =
303 K) (C) Effect of initial concentration on removal of
chromium using nano iron oxide/hydroxide (adsorbent dose =
4 g L™, initial pH =2)

Surface plot of ‘chromium removal (%) vs. adsorbent dose (g L

") and initial concentration (mg L™y at hold values of pH and
temperature at 2 and 293 K respectively

Surface plot of ‘chromium removal (%) vs. pH and initial

concentration (mgL™)’ at hold values of adsorbent dose and
temperature at 8 g L™ and 313 K respectively

Surface plot of ‘chromium removal (%) vs. pH and adsorbent

dose (gL') at hold values of initial concentration and
temperature at 50 mg L™ and 313 K respectively

Contour plot of ‘chromium removal (%) vs. pH and initial

concentration (mgL™) at hold values of adsorbent dose and
temperature at 8§ g L™ and 313 K respectively

Contour plot of ‘chromium removal (%) vs. pH and adsorbent
dose (gL') at hold values of initial concentration and
temperature at 50 mg L™ and 313 K respectively

Contour plot of ‘chromium removal (%) vs. adsorbent dose L

) and initial concentration (mg L'y at hold values of pH and
temperature at 2 and 293 K respectively

Optimisation plot of removal of chromi
solution by iron oxide/hydroxide

Linear Langmuir isotherm plot of chromium removal using
nano crystalline iron oxide/hydroxide (dots

: ! represent the
experimental data and lines represent the data estimated by the
model)

um from aqueous

XV

74

76

76

82

83

87

88

88

90

90

91

922

93



Figure 6.11

Figure 6.12

Figure 6.13

Figure 6.14

Figure 6.15

Figure 6.16

Figure 6.17

Figure 6.18

Figure 6.19

Figure 6.20

Figure 6.21

Linear Freundlich isotherm plot of chromium removal using
nano crystalline iron oxide/hydroxide (dots represent the
experimental data and lines represent the data estimated by the
model)

Nonlinear Langmuir isotherm plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
method (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear Freundlich isotherm plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
method (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear Langmuir isotherm plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear Freundlich isotherm plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

Linear pseudo-first order plot of chromium removal using nano
crystalline iron oxide/hydroxide (dots represent the experimental
data and lines represent the data estimated by the model)

Linear pseudo-second order plot of chromium removal using
nano crystalline iron oxide/hydroxide (dots represent the
experimental data and lines represent the data estimated by the
model)

Nonlinear pseudo-first order plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear pseudo-second order plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear pseudo-first order plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear pseudo-second order plot of chromium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

XVi

94

95

95

97

97

98

99

100

100

101

102



Figure 6.22

Figure 6.23

Figure 7.1

Figure 7.2

Figure 7.3

Figure 7.4

Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10
Figure 7.11

Figure 7.12

Figure 7.13

Figure 7.14

Intraparticle diffusion plot for adsorption of chromium using
nano iron oxide/hydroxide

Boyd plot of for adsorption of chromium using nanocrystalline
iron oxide/hydroxide
Effect of adsorbent dose on removal (%) of cadmium from

aqueous solutions on nano crystalline zirconia (Initial pH=7,
Initial concentration 10 mg L', Temperature 303K)

Effec‘t of initial pH on removal (%) of cadmium from aqueous
solutlonsl on nano crystalline zirconia (Initial concentration=
10 mg L™, adsorbent dose 2 g L Temperature= 303 K)

Effect of initial concentration on removal (%) of cadmium from
aqueous solutions on nano crystalline zirconia (Initial pH= 7,
adsorbent dose 2g L™, Temperature 303 K)

Effect of contact time on removal (%) of cadmium from aqueous
solutions on nano crystalline zirconia (Initial concentration
1 mg L, Initial pH =7, adsorbent dose 2 g L, Temperature=
303 K)

Surface plot of ‘cadmium removal (%) vs. pH and adsorbent

dose (g L™)’ at hold value of initial concentration atlmg L™
Contour plot of ‘cadmium removal (%) vs. pH and adsorbent

dose (g L)’ at hold value of initial concentration at 1 mgL™

Surface plot of ‘cadmium removal (%) vs. pH and initial
concentration (mg L)’ at hold value of adsorbent dosecat8 g L?

Contour plot of ‘cadmium removal (%) vs. pH and initial
concentration (mg L)’ at hold value of adsorbent dose at 8 g L™
Surface plot of ‘cadmium removal (%) vs. pH and initial
concentration (mg L)’ at hold value of pH at 7

Contour plot of ‘cadmium removal (%) vs. pH and initial
concentration (mg Ly at hold value of pH at 7

Optimisation plot of removal of cadmium from aqueous solution
by nano crystalline zirconia

Linear Langmuir isotherm plot of cadmium removal using nano
crystalline zirconia (dots represent the experimental data and
lines represent the data estimated by the model)

Linear Freundlich isotherm plot of cadmium removal using nano
crystalline zirconia (dots represent the experimental data and
lines represent the data estimated by the model)

Nonlinear Freundlich isotherm plot of cadmium removal using

nano crystalline zirconia obtained by error analysis method (dots
represent the experimental data and lines represent the data

estimated by the model)

xvii

103

104

110

111

111

112

116

116

117

117

118

118

119

121

121

123



Figure 7.15

Figure 7.16

Figure 7.17

Figure 7.18

Figure 7.19

Figure 7.20

Figure 7.21

Figure 7.22

Figure 7.23

Figure 7.24
Figure 7.25

Figure 8.1

Figure 8.2

Nonlinear Langmuir isotherm plot of cadmium removal using
nano crystalline zirconia obtained by error analysis method (dots
represent the experimental data and lines represent the data
estimated by the model)

Nonlinear Langmuir isotherm plot of cadmium removal using
nano crystalline zirconia obtained by customized Microcal origin

function (dots represent the experimental data and lines represent

the data estimated by the model)

Nonlinear Freundlich isotherm plot of cadmium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent
the data estimated by the model)

Linear pseudo-first order plot of cadmium removal using nano
crystalline zirconia (dots represent the experimental data and
lines represent the data estimated by the model)

Linear pseudo-second order plot of cadmium removal using
nano crystalline zirconia (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear pseudo-first order plot of cadmium removal using
nano crystalline zirconia obtained by error analysis function
(dots represent the experimental data and lines represent the data

estimated by the model)

Nonlinear pseudo-second order plot of cadmium removal using
nano crystalline zirconia obtained by error analysis function
(dots represent the experimental data and lines represent the data

estimated by the model)

Nonlinear pseudo-first order plot of cadmium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent

the data estimated by the model)

Nonlinear pseudo-second order plot of cadmium removal using
nano crystalline zirconia obtained by customized Microcal origin
function (dots represent the experimental data and lines represent

the data estimated by the model)
Intraparticle diffusion plot for adsorption of cadmium using

nanocrystalline zirconia
Boyd plot for adsorption of cadmium using nanocrystalline

zirconia
Effect of initial concentration on removal (%) of cadmium from
aqueous solution on nano crystalline iron oxide/hydroxide

(Initial pH= 6, adsorbent dose 2 g L™, Temperature 303 K)

Effect of initial pH on removal (%) of cadmium from aqueous
solution on nano crystalline iron oxide/hydroxide (Initial
concentration= 20 mg L', adsorbent dose 2 g L Temperature=

Xviii

123

125

125

126

126

128

128

129

130

131

131

137

138




Figure 8. 3

Figure 8.4

Figure 8.5
Figure 8.6
Figure 8.7
Figure 8.8
Figure 8.9
Figure 8.10
Figure 8.11

Figure 8.12

Figure 8.13

Figure 8.14

Figure 8.15

Figure 8.16

Figure 8.17

303K)

Effect of adsorbent dose on removal (%) of cadmium from
aqueous solution on nano crystalline iron oxide/hydroxide

(Initial pH=6, Initial concentration 20 mg L, Temperature
303K)

Effect of contact time on removal (%) of cadmium from aqueous
solution on nano crystalline iron oxide/hydroxide (Initial
concentration 20 mg L™, Initial pH =7, adsorbent dose 4g L
Temperature= 303K)

Surface plot of ‘cadmium removal (%) vs. pH and adsorbent
dose’ at hold values of initial concentration at 20 mg L?!

Contour plot of ‘cadmium removal (%) vs. pH and adsorbent
dose’ at hold values of initial concentration at 20 mg L!

Surface plot of ‘cadmium removal (%) vs. adsorbent dose and
initial concentration’ at hold value of pH at 7

Contour plot of ‘cadmium removal (%) vs. adsorbent dose and
initial concentration’ at hold value of pH at 7

Contour plot of ‘cadmium removal (%) vs. pH and initial
concentration’ at hold values of adsorbent dose at 4 g LA

Surface plot of ‘cadmium removal (%) vs. pH and initial
concentration’ at hold values of adsorbent dose at 4 g L

Optimization plot of removal of cadmium with iron
oxide/hydroxide

Linear Langmuir isotherm plot of cadmium removal using nano
crystalline iron oxide/hydroxide (dots represent the experimental
data and lines represent the data estimated by the model)

Linear Freundlich isotherm plot of cadmium removal using nano
crystalline iron oxide/hydroxide (dots represent the experimental
data and lines represent the data estimated by the model)

Nonlinear Freundlich isotherm plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
method (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear Langmuir isotherm plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
method (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear Langmuir isotherm plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear Freundlich isotherm plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by customized

Xix

138

139

143

144

144

145

145

146

146

148

148

150

150

152



Figure 8.18

Figure 8.19

Figure 8.20

Figure 8.21

Figure 8.22

Figure 8.23

Figure 8.24

Figure 8.25

Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model

Linear pseudo-first order plot of cadmium removal using nano
crystalline iron oxide/hydroxide (dots represent the experimental
data and lines represent the data estimated by the model)

Linear pseudo-second order plot of cadmium removal using
nano crystalline iron oxide/hydroxide (dots represent the
experimental data and lines represent the data estimated by the
model)

Nonlinear pseudo-first order plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear pseudo-second order plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by error analysis
function (dots represent the experimental data and lines represent
the data estimated by the model)

Nonlinear pseudo-first order plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

Nonlinear pseudo-second order plot of cadmium removal using
nano crystalline iron oxide/hydroxide obtained by customized
Microcal origin function (dots represent the experimental data
and lines represent the data estimated by the model)

Intraparticle diffusion plot for adsorption of cadmium using
nanocrystalline iron oxide/hydroxide

Boyd plot for adsorption of cadmium using nanocrystalline iron
oxide/ hydroxide

153

153

154

155

157

157

158

159




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

