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FigureNo. Captionto Figures Pg. No.

21 Schematic representation of the arrangement of layers in 33
Zirconium phosphonates [22]

2.2 Structure of Zirconium phosphonates [23] 33

2.3 Scheme of a layered diphosphonate in which both phosphonic 35
groups are bonded to the same face of the inorganic layer [6]

24 (@) structure of ATMP (b) structure of phosphoric acid 40

25 pH titration curvesfor (A) ZrATMP and (B) TIATMP 48

2.6 (ard) Concentration and eluent volume optimization for 50

determination of CEC using ZTATMP and TIATMP

2.7 (a) EDX (b) FTIR (c) TGA (d) XRD and (€) SEM of ZrATMP 55

2.8 (a) EDX (b) FTIR (c) TGA (d) XRD and (€) SEM of TIATMP 57

2.9 lon exchange equilibrium [63] 58

2.10 Plot of the fractional attainment of equilibrium for Cu**-H* 72
exchange vs. timeusing ZrATMP

211 Plots of T vs. time for Cu?*-H" exchange for 0.014 M 75
concentration using ZrATMP

212 Plots of t vs. time at different temperatures for (a) Co**-H* (b) 76

Ni%*-H* (c) Cu**-H* (d) Zn**-H" (¢) Cd**-H" (f) Hg**-H"* (g)
Pb**-H* exchanges using ZrTATMP
2.13 (ag) Arrhenius plots In DA versus 1T for (8) Co™ — H* (b) 77
Ni%* = H* (c) Cu** - H* (d) Zn** - H* (e) Cd*" — H" (f)
Hg? - H* (g) Pb®" — H* exchanges using ZrATMP

2.14 % Uptake of Co** using ZrATMP 80
2.15 % Uptake of Ni** using ZTATMP 80
2.16 % Uptake of Cu®* using ZrATMP 81
2.17 % Uptake of Zn** using ZrATMP 81
2.18 % Uptake of Cd** using ZrATMP 82
2.19 % Uptake of Hg** using ZrTATMP 82
2.20 % Uptake of Pb** using ZrATMP 83
2.21 (ag) Langmuir plots for transition metal ions (a) Co*"; (b) Ni**; 85

(c) Cu?*; (d) Zn**and heavy metal ions (e) Cd**; (f) Hg?";
(g) Pb** metal ionsusing ZrATMP

2.22 (a-g) Freundlich plots for transition metal ions (&) Co*"; (b) Ni**; 86
() Cu®; (d) Zn**and heavy metal ions (e) Cd*"; (f)
Hg?*:(g) Pb®* metal ionsusing ZIATMP

2.23 Plot of the fractional attainment of equilibrium for Cu®*-H* 88
exchange vs. timeusing TIATMP
2.24 Plots of t vs time for Cu*-H" exchange for 0.014 M 91

concentration using TIATMP
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241

242

243

244

Plots of < vs, time plots at different temperatures for (a) Co**-H*
(b) Ni?*-H" (c) Cu**-H" (d) Zn**-H* (&) Cd**-H" (f) Hg*"-H" (g)
Pb**-H* exchanges using TIATMP

(ag) Arrhenius plots In Da versus 1T for () Co* — H*; (b)
Ni?* = H*; (c) Cu*" - H*; (d) Zn* - H" ;(¢) Cd*" - H;
(f) Hg®* = H* (g) Pb®" — H* exchanges using TIATMP

% Uptake of Co®* using TIATMP

% Uptake of Ni** using TIATMP

% Uptake of Cu®* using TIATMP

% Uptake of Zn*" using TIATMP

% Uptake of Cd** using TIATMP

% Uptake of Hg*" using TIATMP

% Uptake of Pb?* using TIATMP

(ag) Langmuir Plots for transition metal ions (a) Co*"; (b) Ni**;
(c) Cu**; (d) Zn** and heavy metal ions () Cd*(f) Hg**
(g) Pb** metal ionsusing TIATMP

(a-g) Freundlich plots for transition metal ions (a) Co®*; (b) Ni**;
(c) Cu**; (d) Zn**and heavy metal ions (e) Cd**(f) Hg*" (g)
Pb*metal ions using TIATMP

Types of elution curve (@) linear isotherm (b) classical isotherm

and (c) anti classical isotherm

Types of elution curve with (a) controlled flow (b) tailing/not

good flow and (c) ideal time break.

(a-g) Breakthrough curves for transition (8) Co®*; (b) Ni?*; (c)
Cu®*; (d) Zn**; and heavy (e) Cd*"; (f) Hg™"; (g) Pb*" metal
ionsusing ZrATMP

(a-g) Elution behaviour of transition metal ions and heavy metal
ions using 0.2 M HNO; as eluent () Co**; (b) Ni**; (c)
cu?; (d) zn*:(e) Cd*(f) Hg** and (g) Pb*" using
ZrATMP

(a-g) Binary separations of transition and heavy metal ions using
ZrATMP (a) Ni**- Cu?* (b) Co®*- Cu®, (c) Zn**-Ni?*, (d)
C02+_ Ni2+ (e) H92+_Pb2+ (f) ng+_ Cd2+ (g) Cd2+_ Pb2+

Ternary separations of transition and heavy metal ions using

ZIATMP (a) Co**-Ni?*-Cu*" and (b) Hg**-Cd**-Pb**

A plot of % Retention in K4 values versus number of cycles using

ZIATMP

(ag) Breakthrough curves for transition (8) Co**; (b) Ni**; ()

Cu®; (d) Zn*"; and heavy (e) Cd*; (f) Hg*"; (g) Pb**
metal ionsusing TIATMP

(arg) Elution behaviour of transition and heavy metal using 0.2
M HNO; as eluent (a) Co*"; (b) Ni%"; (c) Cu**;(d) zn**; (e)
Cd?*;(f) Hg** and (g)Pb*" using TIATMP
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247

(a-g) Binary separations of transition and heavy metal ions using
TIATMP (a) Ni**- Cu®* (b) Co**- Cu*, (c) Zn**-Cu?, (d)
Ni?*- Zn?* (e) Hg**- Cd** (f) Cd**-Pb®* (g) Hg™*- Pb**

Ternary separations of transition and heavy metal ions using

TiIATMP (a) Ni?*-Co?*-Cu?" and (b) Hg?*-Cd**-Pb**

A plot of % Retention in K4 values versus number of cycles using

TIATMP
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Table No. Caption to Tables Pg. No.
21 Optimization of reaction conditions for synthesis of ZATMP 45
2.2 Optimization of reaction conditions for synthesis of TIATMP 45
2.3 Characterization of ZTATMP 54
24 Characterization of TIATMP 56
25 Thermodynamic parameters evaluated for M?* - H" exchange at 72
various temperatures using ZrATMP
2.6 Kinetic parameters evaluated for M*-H* exchange using 75
ZIATMP
2.7 % Uptake of metal ions varying pH using ZrATMP 79
2.8 Equilibrium time determination (varying temperature) using 79
ZIATMP
29 % Uptake of Co** using ZrATMP 80
2.10 % Uptake of Ni** using ZrATMP 80
211 % Uptake of Cu®* using ZIATMP 81
2.12 % Uptake of Zn** using ZrATMP 81
213 % Uptake of Cd?* using ZrATMP 82
2.14 % Uptake of Hg”>" using ZrATMP 82
2.15 % Uptake of Pb?* using ZrATMP 83
2.16 Langmuir and Fruendlich constants evaluated for transition and 84
heavy metal ionsusing ZrATMP
2.17 Thermodynamic parameters evaluated for M*-H* exchange at 88
various temperatures using TIATMP
2.18 Kinetic parameters evaluated for M**-H* exchange using 91
TIATMP
219 % Uptake of metal ionsvarying pH using TIATMP 95
2.20 Equilibrium time determination (varying temperature) using 95
TIATMP
221 % Uptake of Co?* using TIATMP 96
2.22 % Uptake of Ni** using TIATMP 96
2.23 % Uptake of Cu?* using TIATMP 97
2.24 % Uptake of Zn”* using TIATMP 97
2.25 % Uptake of Cd** using TIATMP 98
2.26 % Uptake of Hg*" using TIATMP 98
2.27 % Uptake of Pb** using TIATMP 99
2.28 Langmuir and Fruendlich constants evaluated for transition and 100
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heavy metal ionsusing TIATMP

Distribution coefficient (Kq) values (mL-g™*) evaluated varying
metal ion concentration in agueous mediausing ZrATMP

BTC (mmol.g’) and Ky (mL-g%) in agueous and various
electrolyte mediausing ZrATMP

Percentage Elution (% E) of metal ions in different electrolyte
mediausing ZrATMP

Binary separations of transition and heavy metal ions using
ZrATMP

Ternary separations of transition and heavy metal ions using
ZIATMP

Distribution coefficient (Kq) values (mL-g™) varying metal ion
concentration in agueous mediausing TIATMP

BTC (mmol.g?) and Kg (mL-g*) values evaluated in aqueous
and various electrolyte mediausing TIATMP

Percentage elution (%E) of metal ions in different electrolyte
mediausing TIATMP

Binary separations of transition and heavy metal ions using
TIATMP

Ternary separations of transition and heavy metal ions using
TIATMP
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