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A new hybrid inorganic–organic cation exchanger acrylamide zirconium (IV) arsenate has been synthesized,
characterized and its analytical application explored. The effect of experimental parameters such as mixing
ratio of reagents, temperature, and pH on the properties of material has been studied. FTIR, TGA, X-
ray, UV–vis spectrophotometry, SEM and elemental analysis were used to determine the physiochemical
properties of this hybrid ion exchanger. The material behaves as a monofunctional acid with ion-exchange
capacity of 1.65 meq/g for Na+ ions. The chemical stability data reveals that the exchanger is quite stable in
ybrid ion exchanger
ynthesis
haracterization
nalytical application
crylamide zirconium (IV) arsenate

mineral acids, bases and fairly stable in organic solvents, while as thermal analysis shows that the material
retain 84% of its ion-exchange capacity up to 600 ◦C. Adsorption behavior of metal ions in solvents with
increasing dielectric constant has also been explored. The sorption studies reveal that the material is
selective for Pb2+ ions. The analytical utility of the material has been explored by achieving some binary
separations of metal ions on its column. Pb2+ has been selectively removed from synthetic mixtures
containing Mg2+, Ca2+, Sr2+, Zn2+ and Cu2+, Al3+, Ni2+, Fe3+. In order to demonstrate practical utility of the
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. Introduction

The prerequisite for more highly favorable metal recovery pro-
ess in both hydrometallurgy and environmental application has
ead to appealing interest in advancement of selective ion exchang-
rs. In this reverence persistent efforts have been going to improve
he mechanical, chemical and thermal stabilities of ion exchangers
nd to make them selective for particular metal ion. Incidentally,
aterials that contain both organic and inorganic moieties offer

n attractive field of research due to their composite properties
nd appear as creative alternative for obtaining new materials. The
imitations with the existing organic ion exchangers is that the

echanical strength and removal capacity tend to decrease at high
emperatures and degradation of ion exchange properties under
igh radiation conditions where as problem with inorganic ion
xchangers is their low mechanical and chemical strength and dif-

culty in obtaining granulated materials with suitable mechanical
roperties for use in column application than organic ion exchang-
rs. To overcome these limitations hybrid ion exchangers have
een introduced which conjugate mechanical properties of poly-
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n of the Cu2+ and Zn2+ in brass sample has been achieved on its columns.
© 2008 Elsevier B.V. All rights reserved.

er with intrinsic properties of inorganic compound. Synthesis of
ybrid ion exchangers with controlled functionality and hydropho-
icity open new avenues for organo-metallic chemistry and there
se as sorbents [1,2], ion exchangers [3–5], catalysts [6] and in

on-selective electrodes [7–10]. In the continuing quest for these
aterials large number of hybrid ion exchangers based on acry-

onitrile [11], nylon-6,6 [12], acrylamide [13,14], triethyammonium
15], polypyrrole/polyantimonic acid [16] and poly-o-toluidine [17]
ave been synthesized.

In the present study we report the detailed study of synthesis,
haracterization and analytical applications of newly synthesized
ybrid cation exchanger acrylamide zirconium (IV) arsenate. The
xchanger possesses the mechanical stability due to presence of
rganic polymer species and a basic characteristic of inorganic ion
xchangers. The exchanger is found selective for Pb2+ ions, a poten-
ial pollutant in environment. It is one of the most toxic heavy

etal ion, though two of its former uses as additive in gasoline
r paint were discontinued due to health concerns. Pb2+ ions are
till found in batteries, ammunition and computer circuits boards.

2+
he main target of the Pb ions is nervous system but it also causes
ephropathy, sluggishness, loss of skin color [18]. The present work
xplored the utility of this material in qualitative as well as quan-
itative separation of Pb2+ ions from some binary mixtures on
crylamide zirconium (IV) arsenate columns.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:sanabi@rediffmail.com
mailto:sheenf@gmail.com
dx.doi.org/10.1016/j.jhazmat.2008.07.011
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. Experimental

.1. Reagents

Zirconium (IV) oxychloride, sodium arsenate and acrylamide
ere obtained from LOBA-CHEMIA (Bombay) and CDH (India),
rass alloy sample. All other reagents were used of analytical
eagent grade.

.2. Instruments

A digital pH-meter (Elico L1-10, India) for pH measurements,
erkin Elmer ‘Spectrum One’ spectrophotometer for FTIR studies,
ETZSCH TG 209 F1 for thermogravimertic analysis, ‘X’ Pert Pro P
nalytical for X-ray diffraction, Perkin Elmer Series II CHNS/O 2400

or CHN analysis and Muffle furnace (MSW-275, India) and Shaker
um incubator for shaking were used.

.3. Synthesis of acrylamide zirconium (IV) arsenate

Acrylamide zirconium (IV) arsenate was prepared using the fol-
owing procedure. Ten different samples were prepared under
aried conditions of temperature, pH and mixing ratio of reagents.
n the basis of higher ion exchange capacity sample S-8 was

elected for detailed studies. Sample (S-8) was prepared by adding
ixture of aqueous solution of sodium arsenate (0.25 M) and acry-

amide (0.25 M) in a volume ratio of 1:2 at a flow rate of 1.0 mL/min
nto the aqueous solution of zirconium oxychloride (0.25 M) while
tirring the solution continuously. The pH of the solution was
djusted by adding either the dilute solution of ammonia or nitric
cid. The resulting white precipitate so formed was kept overnight
24 h) in the mother liquor to settle down and filtered under suction.
he excess of acid was removed by washing with dimineralized
ater and dried at 50 ◦C in an oven. The dried material was cracked

nto small granules, sieved and converted into H+ form by treating
ith 1.0 M nitric acid for 24 h with occasional shaking. The material
as finally washed with dimineralized water to remove excess of

cid and dried at 50 ◦C in an oven and used as such.

.4. Ion-exchange capacity

One gram of the exchanger (S-8) in H+ form was taken into glass
olumn (i.d. 0.5 cm, length 25 cm) fitted with glass wool support
t the bottom. The bed length was approximately 1.5 cm of col-
mn height. Alkali and alkaline earth metal nitrates (1.0 M) were
sed to elute H+ ions from the acrylamide zirconium (IV) arsen-
te column, maintaining a flow of 0.5 mL/min. The effluent was
itrated against a standard 0.1 M sodium hydroxide solution. The
on-exchange capacity in meq/g for various metals ions was deter-

ined by usual column process.

.5. pH titration

0.50 g of the exchanger in H+ form were placed in each of sev-
ral 250 mL conical flasks followed by the addition of equimolar
olution of alkali metal chlorides and their hydroxides in different
olume ratio, the final volume is adjusted to 50 mL to maintain the
onic strength constant.
.6. Chemical stability

The 0.25 g of the exchanger in H+ form was kept in 25 mL solvent
f analytical interest for 12 h at room temperature 25 ± 2 ◦C with
ntermittent shaking. The supernatant liquid was analyzed for zir-

B
T
a
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onium [19] and arsenate [20] by the standard spectrophotometeric
ethods.

.7. Chemical composition

0.50 g of the sample was dissolved in 10 mL hot concentrated
2SO4. The dissolved sample was diluted to 50 mL. The amount of
irconium and arsenate were determined by standard spectropho-
ometric methods [19,20]. Carbon, hydrogen and nitrogen contents
f the material were determined by elemental analysis.

.8. Effect of eluent concentration

A fixed volume (250 mL) of varying concentration of sodium
itrate solution was used for complete elution of H+ ions from the
olumn containing 1.0 g of the exchanger in H+ form. The effluent
as titrated against the standard 0.1 M sodium hydroxide solution.

.9. Elution behavior

A column containing 1.0 g of exchanger in H+ form was eluted
ith 1.0 M NaNO3 solution .The effluent was collected in 10.0 mL

raction at a flow rate (0.5 mL/mL). Each fraction of 10.0 mL was
itrated against a standard 0.1 M sodium hydroxide solution.

.10. FTIR studies

The FTIR study of acrylamide zirconium (IV) arsenate sample was
erformed by KBr disc method. For this 10 mg of the exchanger in
+ form was taken and thoroughly mixed with 100 mg of KBr to
fine powder. A transparent film was formed by applying a pres-

ure of 80,000 psi in a moisture free atmosphere. The disc formed
ontained 50–100 mg of ion exchanger. IR absorption spectrum was
ecorded in the region 400–4000 cm−1.

.11. X-ray studies

The X-ray diffraction pattern of the material acrylamide zirco-
ium (IV) arsenate was recorded by ‘X’ Pert Pro P Analytical.

.12. Thermal stability

The effect of drying temperature of the material on the ion-
xchange capacity was studied by heating the acrylamide zirconium
IV) arsenate from 50 to 800 ◦C for 1 h .The ion-exchange capacity
or each heated sample was determined as described earlier.

.13. Thermal analysis

A thermogravimetric analysis was carried out by heating the
ample up to 800 ◦C at a constant rate of 10 ◦C per minute in nitrogen
tmosphere.

.14. Scanning electron microscopy

Electron micrographs were recorded for acrylamide zirconium
IV) arsenate using Scanning Electron Microscope operating at
5.0 kV at different magnifications.

.15. Distribution (sorption) studies
The distribution coefficient (Kd) of metal ions Mg2+, Ca2+, Sr2+,
a2+, Pb2+, Hg2+, Cd2+, Zn2+, Mn2+, Cu2+, Fe3+, Ni2+, Al3+, Bi3+, Ce4+,
h4+, La3+ were determined by batch method in different solvents of
nalytical interest. Distribution coefficient is actually used to access
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Table 1
Synthesis and properties of different samples of acrylamide zirconium (IV) arsenate

Sample No. Condition of synthesis Appearance
of beads

Ion-exchange capacity (meq/g
exchanger) for Na+ ions

A (mol L−1) B (mol L−1) C (mol L−1) Mixing ratio (v/v/v) pH Temperature (◦C)

S-1 0.1 0.1 0.1 1.0/1.0/1.0 1.0 25 ± 2 White 0.42
S-2 0.1 0.25 0.1 1.0/1.0/1.0 1.0 25 ± 2 White 0.64
S-3 0.25 0.25 0.25 1.0/1.0/1.0 1.0 25 ± 2 white 0.62
S-4 0.25 0.25 0.25 1.0/1.0/1.0 0.75 25 ± 2 No

precipitate
–

S-5 0.25 0.25 0.25 1.0/1.0/1.0 1.5 25 ± 2 Glassy 0.52
S6 0.25 0.25 0.25 1.0/1.0/1.0 2.0 25 ± 2 Glassy 0.43
S7 0.25 0.25 0.25 1.0/2.0/1.0 1.0 25 ± 2 White 1.14
S8 0.25 0.25 0.25 1.0/2.0/1.0 1.0 70 ± 2 White 1.53
S 1.0
S 1.0
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hydrated radii easily enter the pores of the exchanger resulting in
higher adsorption. The pH titration curve (Fig. 1) shows that the
acrylamide zirconium (IV) arsenate is monofunctional strong cation
exchanger as evident from low initial pH 2.8 of the solution when

Table 2
Ion exchange capacity of various exchanging ions on acrylamide zirconium (IV)
9 0.25 0.25 0.25 1.0/2.0/2.0
10 0.25 0.25 0.25 1.0/2.0/1.0

, zirconium oxychloride; B, sodium arsenate; C, acrylamide.

he overall ability of the material to remove the ion of interest
nder set condition. 300 mg portions of the acrylamide zirconium
IV) arsenate in H+ form were taken in Erlenmeyer flasks mixed
ith 30 mL of different metal nitrate solution in required medium

nd shaken for 6 h in temperature controlled shaker at 25 ± 2 ◦C to
ttain the equilibrium. The metal ion concentration before and after
he equilibrium was determined by EDTA titration. The distribution
oefficients were calculated using the equation

d = Amount of metal ion in the exchanger phase/g of exchanger
Amount of metal ion in the solution phase/mL of solution

In our case

d = I − F/300 mg
F/30 mL

here I is the volume of EDTA used before treatment of metal ion. F
s the volume of EDTA consumed by metal ion left in solution phase.

The sorption of metal ions involves the ion exchange of the H+

ons in exchanger phase with that of metal ions in solution phase.
For example,

2R-H+
xchanger phase

+ Pb2+
Solution phase

↔ R2-Pb
Exchanger phase

+ 2H+

Solution phase

here R = acrylamide zirconium (IV) arsenate.

.16. Separations

.16.1. Quantitative separations of metal ions in synthetic binary
ixtures

Important separations of metal ions were achieved on columns
f acrylamide zirconium (IV) arsenate (height 35 cm, i.d. 0.6 cm, bed
eight 2.5 cm) containing 2.0 g of exchanger in H+ form. The column
as washed thoroughly with dimineralized water and then with

he suitable solvent. The column flow experiments were performed
n acidic to neutral medium. The binary mixture of metal ions was
oaded and eluted using suitable solvent. The effluent was collected
n 10 mL fractions at a flow rate of 5–6 drops per minute. The metal
ons in the effluent were determined titrimetrically using standard

olution of disodium salt of EDTA.

.16.2. Selective separation
Selective separation of Pb2+ ions from the synthetic mixtures

ontaining Mg2+, Ca2+, Sr2+, Zn2+, Pb2+ and Cu2+, Al2+, Ni2+, Fe3+,
b2+ were achieved on acrlyamide zirconium (IV) arsenate columns.
he amounts of the Pb2+ loaded in the column were varied keeping
mount of the synthetic mixture constant.

a

E

L
N
K
M
S
B

70 ± 2 Dirty white 1.13
Refluxed for 6 h in 0.1 M HCl White 1.53

.16.3. Quantitative separation of Cu2+ and Zn2+ in a
ommercially available brass sample

The commercially available brass sample (2.0 g) was dissolved in
inimum quantity of aqua regia. The mixture was heated to evapo-

ate excess of acid and finally diluted to 100 mL with dimineralized
ater and used as stock solution for the determination Cu2+ and
n2+. The composition of the brass sample was determined after
eparation of Cu2+ and Zn2+ on acrylamide zirconium (IV) arsenate
olumns. The subsequent steps remained same as described earlier.

. Results and discussion

Different samples hybrid ion-exchanger acrylamide zirconium
IV) arsenate were prepared. The exchanger appears to be a
romising cation exchange material with fairly good ion-exchange
apacity, thermal and chemical stability. Table 1 shows the effect
f mixing ratio of reagents, temperature and pH on the synthe-
is of acrylamide zirconium (IV) arsenate. Different samples of the
xchanger were synthesized in the pH range from 0.5 to 2.0. Results
how that an increase in pH decreases the ion-exchange capacity
ecause at higher pH the formation of metal hydroxide precipitate
ay occur. The most favorable pH for the synthesis was found to be

H 1. Increase in the ratio of arsenate enhances the ion-exchange
apacity whereas increase in acrylamide in the reaction mixture has
o such effect. The temperature has also the appreciable effect on
he ion exchange property. The material synthesized at 70 ± 2 ◦C has
igher ion-exchange capacity (1.53 meq/g) as compared to material
btained at 25 ± 2 ◦C (1.13 meq/g).

Table 2 shows the ion-exchange capacity for alkali and alkaline
arth metal ions. The results reveal comparatively higher ion-
xchange capacity for alkaline earth metal ions than alkali metal
ons. Further the ion-exchange capacity increase with the decrease
n hydrated ionic radii down the group that is ions with smaller
rsenate

xchanging ions Ionic radii (Å) Hydrated ionic radii (Å) IEC (mmol g−1)

i+ 0.68 3.40 1.40
a+ 0.97 2.76 1.53
+ 1.33 2.32 1.63
g2+ 0.78 7.00 1.42

r2+ 1.27 6.30 1.97
a2+ 1.43 5.90 2.4
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Fig. 2. Effect of eluant concentration on ion-exchange capacity of acrylamide zirco-
nium (IV) arsenate a hybrid cation exchanger.

F
e

i
c
cated at the point where the appearance of the hydrogen and
ig. 1. pH titration curves for acrylamide zirconium (IV) arsenate hybrid cation
xchanger with various alkali metal hydroxides in the presence of corresponding
alts.

o OH− ions were added to the system; further the steep rise in pH
t 1.8 mmol of the OH− ions indicates the complete neutralization
f H+ ions of the exchanger. The chemical stability data (Table 3)
hows that the acrylamide zirconium (IV) arsenate is fairly stable in
ommon solvents, strong acids HCl, HNO3, H2SO4 up to 2 M, reason-
bly stable in strong base NaOH and in some organic solvents up to
M concentration. Thus exchanger is chemically resistant to most
f the solvents and can be successfully used with diverse solvents in
olumn operation. The chemical composition analysis reveals that
he molar ratios of Zr:As:C:H:N is 1:2:0.5:12.24:0.5.

An optimum concentration of the eluent was found to be 1.0 M
or the complete removal of H+ ions from the above column. The
xperiment also established that the minimum volume required
or the complete elution of H+ ions, which reflects the column effi-

iency. It was found that the rate of elution is governed by the
oncentration of eluent used (Fig. 2). Fig. 3 illustrates that the
xchange is quite fast and almost all the H+ ions are released in
he first 150 mL of the effluent from the column containing 1.0 g
xchanger with a standard flow rate of (0.5 mL/min). Further, it

able 3
hemical stability of acrylamide zirconium (IV) arsenate in different solvents (250 mg
f the material was initially taken of treatment)

olvent Zirconium released
(mg/25 mL)

Arsenate released
(mg/25 mL)

.1 M HCl 0.10 0.00
M HCl 0.16 0.21
M HCl 0.24 0.25
.1 HNO3 0.00 0.25
M HNO3 0.12 0.20
M HNO3 0.62 1.40
.1 M H2SO4 0.08 0.75
M H2SO4 0.38 1.50
M H2SO4 0.48 1.96
.1 M NaOH 0.06 1.6
M NaOH 0.10 2.7
.1 M succinnic acid 0.00 0.42
.1 M DMSO 0.20 0.42
.1 M oxalic acid 0.00 0.22
% Tween 0.14 0.25
% Tween 0.24 0.45

d
t
2

ig. 3. Elution behavior of acrylamide zirconium (IV) arsenate a hybrid cation
xchanger.

s clear from the breakthrough curve Fig. 4 of the ion exchanger
olumn that the total ion-exchange capacity of the column is indi-
isappearance of the sodium ions occurs in the effluent. Therefore
he maximum ion-exchange capacity experimentally obtained is
.2 meq.

Fig. 4. Breakthrough curve for the acrylamide zirconium (IV) arsenate.
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Fig. 6. X-ray diffraction pattern of spectrum of acrylamide zirconium (IV) arsenate.

Fig. 7. TGA curve of acrylamide zirconium (IV) arsenate.

Table 4
Effect of temperature on the ion-exchange capacity of acrylamide zirconium (IV)
arsenate a cation exchanger on heating time for I h temperature

Temperature (◦C) Color % Weight loss % Retention of IEC

50 White 0.00 100.0
100 Brown 6.02 97.38
Fig. 5. FTIR spectrum of acrylamide zirconium (IV) arsenate.

The FTIR spectrum (Fig. 5) of acrylamide zirconium (IV) arse-
ate shows the presence of external water molecules [21] (peak
434 cm−1) in addition to metal oxygen and metal –OH stretching
ands. The absorption peak at 1630 cm−1 may be due to the amide
ond stretching [22]. The peaks at 1400 and 1384 cm−1 indicate
he presence of considerable amount of acrylamide in acrylamide
irconium (IV) arsenate [23]. Presence of sharp peak at 852 can
ttributed to presence of arsenate and the band at 452 may be
ue to presence of Zr–O stretching vibration. The X-ray diffraction
attern (Fig. 6) indicates that the material is slightly crystalline in

ature. It is apparent from the TGA curve (Fig. 7) that the initial

oss of about 12% up to 100 ◦C which may be due to loss of exter-
al water molecules [24] from the material. The gradual weight

oss above 100 ◦C may be due to partial hydrolysis of amide groups
hich continue up to 200 ◦C. Further weight loss of about 8% from

200 Light brown 7.80 93.50
300 Dirty white 8.22 92.65
400 Dirty white 12.08 88.82
500 White 12.50 86.23
600 White 14.90 84.25

Fig. 8. Scanning electron micrographs of acrylamide zirconium (IV) arsenate obtained at two different magnifications.
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Table 5
Distribution coefficients of different metal ions on acrylamide zirconium (IV) arsenate in different solvent systems

Metal ion DMW Formic acid DMSO Acetonitrile Acetic acid Succinic acid Nitric acid

Mg2+ 20.0 22.4 28.0 34.9 36.6 48.0 12.4
Ca2+ 12.0 14.8 21.0 40.6 55.4 60.0 12.4
Sr2+ 20.0 28.4 32.4 46.5 72.0 78.8 25.5
Ba2+ 110.2 400.0 400.0 140.0 288.4 444.4 96.6
Pb2+ 650.0 700.0 812.2 920.0 1200.0 1444.5 220.0
Hg2+ 162 160.0 122.2 44.4 56.0 25.0 45.2
Zn2+ 20.0 22.0 22.0 50.0 52.7 58.4 18.6
Cd2+ 27.7 30.7 32.2 40.0 48.1 50.0 22.5
Mn2+ 23.0 34.4 46.6 49.8 43.0 50.0 17.11
Cu2+ 70.0 88.4 156.9 166.6 152.8 170.0 45.5
Al3+ 17.0 50.4 88.8 90.4 150.4 242.0 25.3
Ni2+ 12.0 12.0 20.0 23.4 26.4 38.4 12.0
Fe3+ 30.0 50.4 54.4 55.5 55.5 75.0 30.5
Th4+ 20.0 32.3 50.7 50.0 70.0 90.0 18.2
Ce3+ 125.0 200.0 263.4 300.0 365.4 400.4 100.2
La3+ 125.0 160.0 166.6 225.0 235.0 381.4 115.4

Table 6
Quantitative separation of metal ions from a binary mixture using acrylamide zirconium (IV) arsenate columns at room temperature

Separation achieved Amount loaded (mg) Amount found (mg) % Recovery Eluant used pH of eluant used Volume of Eluant (mL)

Zn2+ 5.88 5.86 99.6 0.1 M succinic acid 2.7 60
Pb2+ 19.68 19.06 96.8 0.1 M nitric acid 1.0 80
Cd2+ 9.77 9.77 100 0.1 M acetic acid 2.9 60
Pb2+ 19.68 19.60 99.5 0.1 M nitric acid 1.0 80
Mn2+ 4.4 4.4 100 0.1 M formic acid 2.3 70
Pb2+ 19.68 19.20 97.5 0.1 M nitric acid 1.0 80
Ca2+ 3.60 3.50 97.2 0.1 M formamide 6.2 50
Pb2+ 19.68 19.47 98.9 0.1 M nitric acid 1.0 70
Zn2+ 5.88 5.75 98.1 0.1 M succinic acid 2.7 50
Ba2+ 13.04 12.77 97.9 0.1 M nitric acid 1.0 70
Zn2+ 5.88 5.86 99.6 0.1 M DMSO 5.8 60
Cu2+ 6.20 5.97 96.2 0.1 M nitric acid 1.0 70
Mg2+ 2.40 2.22 92.5 0.1 M succinic acid 2.7 50
Al3+ 2.98 2.60 87.6 0.1 M nitric acid 1.0 80
Ce4+ 20.60 20.55 99.75 0.1 M acetic acid 2.9 50
Th4+ 12.95 12.70 98.4 0.1 M nitric acid 1.0 80

Table 7
Selective separation of Pb2+ ion from the synthetic mixture of Mg2+, Ca2+, Sr2+, Zn2+ and Pb2+ on acrylamide zirconium (IV) arsenate columns

S. No. Amount loaded (mg) Amount recovered (mg) Recovery (%) Eluant used Eluant volume (mL)

1
2
3

2
p
d
p
r
c
o
f
a
E
i

c

a
T
v
m
u
i
i
s
u

T
S

S

1
2
3

3.45 3.40
6.90 6.83

10.36 10.20

50 to 550 ◦C may due complete decomposition of the organic part
resent in the material. Above 800 ◦C the curve shows the sharp
epression may be due formation of metal oxides residues. Com-
aring acrylamide zirconium (IV) arsenate with other ion exchangers
eported [3,11,12,16,17] the material retains 86% of its ion-exchange
apacity up to 500 ◦C and also the weight loss is minimum in case
f acrylamide zirconium (IV) arsenate (Table 4). Fig. 8 shows the sur-
ace properties of the acrylamide zirconium (IV) arsenate obtained
t two different magnification (500× and 1000×) using Scanning

lectron Microscopy. The results reveal that the material shows the
rregular zigzag particle size.

In order to explore the separation potentiality of acrylamide zir-
onium (IV) arsenate, sorption behavior of 16 metal ions was studied

o
u
o
t

able 8
elective separation of Pb2+ ion from the synthetic mixture of Cu2+, Al3+, Ni2+, Fe3+ and Pb

. No. Amount loaded (mg) Amount recovered (mg)

4.14 4.12
8.28 8.16

12.43 12.27
98.50 0.1 M nitric acid 30.0
98.90 0.1 M nitric acid 40.0
98.40 0.1 M nitric acid 40.0

nd the values obtained for distribution coefficients are given in
able 5. It was found that the increase in dielectric constant of sol-
ents causes decrease in distribution coefficient of almost all the
etal ions studied except in case of Ba2+ and Hg2+ where no reg-

lar trend was observed. The increase in polarity of the solvent
ncreases the interaction between metal ion and solvent due to
on–dipole interaction as a result exchange of metal ion between
olvent phase and exchanger phase will be less. The low metal ion
ptake such as in nitric acid is due to the presence of large excess

f H+ ions in the external solution. Pb2+ ions show higher Kd val-
es in all the solvent system studied. Thus the promising feature
f the material is its selectivity for Pb2+ ions, which is the one of
he most toxic and polluting metal ions in the environment. The

2+on acrylamide zirconium (IV) arsenate columns

Recovery (%) Eluant used Eluant volume (mL)

99.5 0.1 M nitric acid 40.0
98.5 0.1 M nitric acid 50.0
98.4 0.1 M nitric acid 50.0
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Fig. 9. Elution curves of binary separations of metal ions on acrylamide zirconium (IV) arsenate columns.
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Table 9
Quantitative separation of Cu2+ and Zn2+ in commercially available brass sample on acrylamide zirconium (IV) arsenate columns

Binary mixtures Amount loaded (mg) Amount recovered (mg) Recovery (%) Eluant used Eluant volume (mL)

Zn2+ 3.0 2.80 93.30 0.1 M DMSO 50
Cu2+ 7.0 6.66 95.10 0.1 M nitric acid 60
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n2+ 6.0 5.41
u2+ 14.0 12.96
n2+ 9.0 8.24
u2+ 21.0 20.0

nalytical application of the acrylamide zirconium (IV) arsenate was
xplored by achieving different binary separations of metal ions
n its columns. The results are given in Tables 6–9. The orders of
lution of these metal ions are depicted in Fig. 9. It is evident from
he elution profile that the elution is quite fast and resolution and
ecovery of the metal ions is satisfactory. Pb2+ ions were selectively
emoved from synthetic mixtures containing Mg2+, Ca2+, Sr2+, Zn2+,
b2+ and Cu2+, Al3+, Ni2+, Fe3+, Pb2+ hence Pb2+ ions can be separated
ut in presence of the other metal ions present in waste waters. In
rder to demonstrate the practical utility of the material, quantita-
ive separations of Zn2+ and Cu2+ from a commercially available
rass sample were achieved acrylamide zirconium (IV) arsenate
olumns.

. Conclusion

New semicrystalline acrylamide zirconium (IV) arsenate was syn-
hesized, characterized and its analytical application explored. The

aterial is fairly stable in inorganic acids, bases and organic sol-
ents up to 2.0 M. The promising feature of the material is its
electivity for Pb2+ions, which is one of the most toxic metal ions
resent in environment. Further work is in progress for synthesiz-

ng the ion-selective electrode of this material for determination of
b2+ ions.
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