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Abstract

Removal of Cr(VI) from aqueous solution is performed by using Poly (AMPS-co-IA) hydrogels and their
disassembled form and the results are compared. Optimum conditions of adsorption such as
temperature and contact time was studied along with fundamental thermodynamic, Kinetic and
equilibrium studies. It was found that these hydrogels in both their forms do not require any external
agent to maintain the acidic pH of the medium, which is the favourable condition for Cr(VI) removal.
The ability of these hydrogels to retain the acidic pH was determined by Pzc studies. The pzc values
were 2.4 and 3.0, respectively for disassembled and assembled hydrogels. The reason behind this acidic
value was found as the presence of Sulphonic acid and Carboxylic acid functional groups in the
molecular formula of the hydrogels. Q,,.x value were determined for assembled hydrogels as 250 mg/g
and that for its disassembled counterpart it was raised to 333.3 mg/g. Desorption studies were carried
out in order to estimate the reusability of the hydrogels. SEM, ToF-SIMS studies are reported.
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Introduction

Cr(V]) is a toxic, carcinogenic and mutagenic element that is
usually found in effluents of tannery, metallurgical industries
etc., [1,2]. It remains a challenge for the scientists,
environmentalists and industrialists to make free such aqueous
discharge from Cr(VI) impurities. Beginning with the usual
daily activities of humans, cattle and a lot of agricultural
activities are being threatened because of Cr(VI) impurity in
the water.

Hydrogels are widely applied in the purification of effluent at
the pilot stage of inquiry. The adsorption ability of aromatic
organic molecules of the polymer hydrogels [3], has provided a
safer option for hydrogels adsorbents. For the purpose of
removing harmful Cr(VI), adsorbents from polymer hydrogels
sources like super absorbent hydrogels [4], magnetic hydrogels
[5], poly (acrylamide-co-Maleic acid) hydrogels [6], cationic
hydrogels with magnetic property [7] and poly (N, N'-dimethyl
amino ethyl methacrylate) hydrogels [8] and bio-polymer like
Chitosan beads [9] are found to be better adsorbents. The
copolymer poly (AMPS-co-IA) hydrogels are proved to be a
better adsorbent for removing the heavy metals like Pb?*, Ca®*
and Cu?" in non-competitive manner [10] and Pb?*, Cu?* and
Cd?" in a competitive manner [11].

So far, efficient removal of Cr(VI) has been reported to have
achieved preferably in the low pH range. Because, the process

Biomed Res- India 2016 Volume 27 Issue 4

Accepted on April 2, 2016

involving the removal of Cr(VI) from aqueous medium is
strongly pH dependent and decreases with increase in pH
[12,13]. Mineral acids, which are already corrosive and
hazardous, are widely employed for maintaining low pH,
particularly for the adsorption of Cr(VI) [1]. These acids would
become another threat to the environment, apart from the threat
created by Cr(VI) heavy metals in aqueous solution. By using
sulphonic acid as the key source of alternative modern acid to
mineral acids, attempts were also made for finding a method
which is free from the use of mineral acids [14,15]. But all
these were ending with catalysis as the application, not
extended to adsorption of heavy metals. Therefore, keeping in
mind the above need, hydrogels made of Sulphonic acid as
their chief component was used as the alternative for mineral
acids for the purpose of maintaining a low pH in this method.

In this study, the idea of disassembling poly (AMPS-co-1A)
hydrogels into smaller pieces by the inclusion of Silica
obtained from Pm, in-situ, in aqueous solution, is retained [16].
The smaller size and larger surface area of irreversibly
disassembled hydrogels induced the idea of comparing them
with their assembled counterpart. Both the forms of assembled
and disassembled hydrogels require no additional reagents for
maintaining an acidic pH of the medium. This was confirmed
by the Pzc (point of zero charge) values determined by salt
introduction method [17]. Therefore, adsorption studies were
carried out for both assembled and disassembled hydrogels,
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independently, and the comparative results are reported. ToF-
SIMS, a surface sensitive technique, was used to as the
additional tool for cross-verifying the adsorption result [18-20].

Materials and Methods

Materials

2-Acrylamido-2-methyl-1-propane sulfonic acid (AMPS)
(99%, Aldrich, India) m.p.194-196°C and Itaconic acid (IA)
(99%, Aldrich, India), m.p.166-167°C, were used as the
monomers. K,SOg (99.99%, trace metals basis, Aldrich, India),
m.p.99°C, wused as the initiator and N, N-
methylenebisacrylamide (MBA) (99%, Aldrich, India) m.p.
301-303°C, used as the cross-linker. K,Cr,O7 (99.99%, trace
metals basis, Aldrich, India) m.p. 398°C, was used as the
source for Cr(VI) ions.

Synthesis of the hydrogels sample

Poly (AMPS-co-IA) hydrogels were synthesized by means of
radical co-polymerization [21]. The procedure that was
followed already by us is repeated [16] and described briefly as
follows: 1.6560 g of AMPS and 0.2615 g of IA were cross-
linked using 0.1540 g of MBA as the cross-linker and 0.0400 g
of K,SOg as free radical initiator and all the ingredients were
calibrated to 10 mL measuring jar using de-ionized water. The
contents were well mixed in a 250 mL beaker accompanied
with a heating rate of 2°C/min for about 15 minutes, stirred
using a sterilized glass rod. After 24 hours of heating in the air-
oven at 50-55°C, the hydrogels were used. The yield of
hydrogels was about 89.1% and the remaining was treated as
either uncross linked or water soluble.

Preparation of silica

Pm husks obtained from the waste after feeding the Agapornis
birds [16] was used after repeated washing with de-ionized
water initially and then followed by 0.1 N HCI for five times.
The husks were heated using a muffle furnace to 950°C for 6
hrs to ensure the formation of white coloured ash, (Silica). The
uniform Mesoporous nature of the resulting Silica obtained
from Pm husk ashes have already been characterized and
reported by us [22].

Synthesis of silica-hydrogels composite

In order to achieve disassembling of the Poly (AMPS-co-1A)
hydrogels, mesoporous Silica obtained from Panicum miliare is
being used as the composite material. The same quantity of
AMPS, TA, K,SOg and MBA as mentioned above along with
3% weight of Silica were dispersed [23] in de-ionized water,
hence the whole dispersion was calibrated to 10 mL using a
measuring jar. The purpose of including Silica was to study the
influence of this material on the structure of the hydrogels.
This dispersion was transferred into a clean 250 mL borosil
beaker and heated on a heating plate at 2°C/minute and stirred
using a glass rod for about 15 minutes. All the Silica blended
hydrogels were kept in a hot air oven for 24 hours at 50-55°C
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to ensure the effective cross-linking. They were used as such
removed from the oven for further studies.

Measurements

Morphological imaging of the hydrogels were examined by,
SEM (JSM 561 OLYV, JEOL). Concentration of Cr(VI) ions
were determined by AAS (Varion, India), ToF-SIMS, was used
for imaging and was acquired using a TRIFT-V nano-ToF
instrument (ULVAC-Physical Electronics, Mn, USA) with 30
KeV Au* primary ion source. The analysis area of 100 micron
% 100 micron was randomly rastered by primary ions for the
spectrum analysis. The primary ion dose was maintained at 2.9
E+13 ions/cm? using a LMIG primary ion gun. Spectral
acquisition was done with limited type and the 15.05 minutes
was maintained as acquisition time. A low energy electron
beam was used for charge compensation.

Adsorption studies

A stock solution of exactly 1000 mg/L of Cr(VI) was prepared
in de-ionized water using K,Cr,O7. Successive dilution was
carried out for all of the working solution. The batch
experiments were carried out in 100 mL Erlenmeyer Flasks by
agitating with the adsorbents in 25 mL of the aqueous Cr(VI)
solutions for a predetermined period at 28°C on a water bath-
cum-mechanical shaker. The hydrogels, after adsorption, were
isolated by a filter paper. The concentration of Cr(VI) was
determined by AAS (Schimadzu). For determining linearity of
response a standard plot of concentration of Cr(VI) as 1 ppm, 2
ppm, 3 ppm, 4 ppm and 5 ppm against the corresponding
absorbance observed in AAS. The linearity of response was
17=0.997.

The amount of Cr(VI) adsorbed by adsorbents in the

adsorption system was calculated using the following
equations:

V(e -¢y)
4= —F—=-@

Where, ‘C,’ and ‘C,’ are the concentrations of Cr(VI) before
and after adsorption process, respectively. ‘V’ is the volume of
the solution and ‘M’ is the weight of the hydrogels (g). The
equations are obtained from conventional methods available in
the literature [18]. For the case of kinetic and equilibrium
studies, non-linear fitting method was used for fitting the
experimental values. In addition to the correlation coefficient,
the model was also evaluated by average relative error function
[20] (Equation 2), which measures the differences of the
amount of the Cr(VI) taken by the adsorbent predicted by the
models and the actual ‘q” measured experimentally.

—

2? (qi, model — qi, experimental/qi, experimental)2
F error — P

(2)

Biomed Res- India 2016 Volume 27 Issue 4



Poly (AMPS-co-1A) hydrogels playing dual role: acidity regulator and adsorbent for Cr(VI) adsorption

Point of zero charge studies (Pzc)

By the use of salt addition method [17,24], Pzc studies were
carried out, independently for assembled and disassembled
forms of hydrogels. In this method 0.3 g of each poly (AMPS-
co-IA) hydrogels was added to 50.0 mL of 0.1 M NaNOj in
twenty 100-mL plastic beakers. The pH was adjusted using a
pH meter (Varion) to 2, 2.5, 3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,
8,8.5,9,9.5, 10, 10.5, 11 and 11.5 with 0.1 M HNOj; and 0.1
M NaOH as required in each beaker. These were then shaken
for 48 h in a revolving water bath to reach equilibrium. Then,

ApH = pHj; - pHi— (3)

Where, pH; = initial pH of the solution; pHj; = final pH of the
solution. A graph of pH; against ApH was plotted and Pzc was
taken as the point where ApH=0.

Results and Discussion

Pzc studies

The values of Pzc were determined for assembled and
disassembled hydrogels independently and reported in the
Figure 1. The results show the relatively low Pzc value signals
the predominance of positively-charged surface groups. The
result shows the Pzc value for assembled hydrogels to be 3.0
and that for disassembled value to be 2.4. With this,
information users desiring positive or negative surface charges
to remove specific pollutants shall be able to adjust their pH
values accordingly. The structure of hydrogels shows that at
least three acidic groups, including one sulfonic acid and two
carboxylic acids are available for each monomer hydrogels.
During the process of swelling, hydrophilic functional groups
such as -SO; and —COOH in the chains contact each other by
cross-linking [18]. So, as the swelling take place, pH of the
solution was decreasing progressively. Therefore, pH of the
aqueous solution in the presence of poly (AMPS-co-IA)
hydrogels is brought down to the acidic range, needless of the
requirement for the introduction of external acidic agents [18].

This factor directly helps the Cr(VI) species to disguise into the
HCrOy4- form, which it prefers to exist, in the acidic pH range
[20-22]. The very advantage of the presence of acidic groups
on the hydrogels is that, the functional groups are chemically
bonded to the hydrogels and hence will be retained even after
several reuse. Moreover, there is no need to introduce severe
acids for the purpose of maintaining low pH. The same kind of
progressive decrease in pH of the aqueous medium was noted,
even during the disassembly of hydrogels. It could be due to
the exposure of hydrophilic groups during disassembly of
hydrogels. An attempt was taken to distinguish the effect of
assembled hydrogels and the disassembled hydrogels, by
varying the percentage composition and the percentage Silica
content, respectively. But no appreciable change was noted.
The SEM images Figures 2a and 2b of the surface shows
cracks and rough surfaces on the dried assembled and
disassembled hydrogels respectively, which are suitable for the
adsorption process.

Biomed Res- India 2016 Volume 27 Issue 4

14 —&— assembled hydrogels

\ —a—disassembled hydrogels
0 .\ T T T T

pHii_pH\

Figure 1. Pzc studies of Poly (AMPS-co-14) hydrogels.

Figure 2: a) SEM image of assembled hydrogels. b) Disassembled
hydrogels.

Image analysis of the Cr(VI) adsorbed on hydrogels

ToF-SIMS measurements of the surfaces were separately
performed with the adsorbed polymer hydrogels sample as well
as with a similar hydrogels, without adsorption by the Cr(VI)
metal ion (respective spectra are supplied with the electronic
supplementary materials). In the case of ToF-SIMS image of
poly (AMPS-co-1A) hydrogels, Cr(VI) counts on the hydrogels
were counted as 33 out of total ion counts of 4515507
accounting to 0.0007% of the total ion available on the surface
of the dried hydrogels. As the count is almost negligible, the
metal ion is not supposed to be existing on this sample
hydrogels. In the case of ToF-SIMS image of Cr(VI) adsorbed
on assembled poly (AMPS-co-1A) hydrogels, The Cr(VI) on
the polymer was counted as 1559 out of the total ion counts
1117844 accounting for 0.139% of the total ions existing on
the surface of the dried assembled hydrogels. Whereas, in the
case of the ToF-SIMS image of Cr(VI) adsorbed on
disassembled poly (AMPS-co-IA) hydrogels, Cr(VI) on the
surface of the polymer was counted as 8577 out of the total ion
counts 4143271 accounting for 0.207% of the total ions
existing on the surface of the dried disassembled hydrogels.

The comparison between the two image analyses proves that
the count of Cr(VI) on the dried disassembled hydrogels is
higher and therefore, adsorption of Cr(VI) by disassembled
poly (AMPS-co-1A) hydrogels should have also been higher
than its assembled counterpart. In the case of ToF-SIMS mass
spectrum of poly (AMPS-co-IA) hydrogels, which is free from
Cr(VI) , the absence of metal ion on the surface is
distinguishable by its unique characteristic isotope peaks at m/z
51.93, 52.92, 53.99, which are labelled with intense green

25



peaks. On the other hand, in the ToF-SIMS mass spectrum of
Cr(VI) adsorbed on assembled poly (AMPS-co-IA) hydrogels,
the presence of Cr(VI) ion adsorbed on the surface was
distinguishable by the peak at the same region. But the
intensity of the Cr(VI) characteristic peaks were lesser, when
compared with the intensity obtained for Cr(VI) adsorption on
disassembled hydrogels. Especially, intensity of important
isotope of Cr(VI) at 51.93 m/z on the dried assembled
hydrogels is lesser than the intensity of Cr(VI) on disassembled
one. This provides an additional evidence for the improved
adsorption of Cr(VI) on disassembled hydrogels.
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Figure 3. Effect of initial pH of the medium on adsorption capacity.

Adsorption studies

Effect of initial pH of the medium: The effect of initial
solution pH on the adsorption of Cr(VI) is an important aspect
[24]. For the assembled and disassembled hydrogels, it was
determined by the use of 250 mg of the respective adsorbent
with 50 ml of solution containing initial Cr(VI) metal ion
concentration of 100 mg/L at various pH values ranging from
1.2 to 13. Figure 3 shows the variation of removal percentage
of assembled and disassembled hydrogels for the adsorption of
Cr(VI) ion as a function of pH. From the Figure 3, it is learned
that the heavy metal removal is not greatly affected by the
variation in pH until it is 8 for assembled and 9 for
disassembled hydrogels.

Srinivasan/Kumar/Lokeshwaran/Sundar/Aslam/Srinivasan

The presence of sulfonic acid and carboxylic acid functional
groups on the surface of the hydrogels makes possible to
adsorb the Cr(VI) metal from aqueous medium, even if the pH
is not exactly in the acidic range. It can be seen from the graph
showing the adsorption capacity of the disassembled hydrogels
adsorbent was appreciable until the medium becomes too
alkaline (pH=9). This is because of the increased exposure of
the acidic groups towards the solution, than it was the case
with assembled form. This proves that both assembled and
disassembled forms of the hydrogels possess the pH regulating
character, while the latter is better than its assembled form.

Thermodynamic studies: Thermodynamic parameters for the
adsorption of Cr(VI) on assembled hydrogels are listed in
Table 1. The values of standard free energy change AGS,
enthalpy change AH® and entropy change AS°® were calculated
using the equations (4) and (5).

AG® = -RT In Kg— (4)
S O

InK 0 = R

A plot obtained from In K vs. 1/T was found to be linear, the
slope and intercept of it are used to determine the values of
AH? and AS°. As it can be seen from the Table 1, the enthalpy
change (22.56 KJ mol!), implies the endothermic nature of the
adsorption process and the product is energetically stable as
well [18]. However, the value obtained for entropy change is
positive (77.88 J mol"'K™!) and that obtained from Gibb’s free
energy is negative, showing the spontaneous nature of the
adsorption process Cr(VI) on assembled hydrogels. In the case
of disassembled hydrogels also, the positive value was
obtained for enthalpy change (21.8 kJ mol!). This implies the
endothermic nature of the adsorption process, as it was with
assembled hydrogels as the adsorbent. This fact was also seen
in the effect of temperature in the adsorption of Cr(VI) on
assembled hydrogels. Whereas, the value obtained for entropy
change is positive (75.38 J mol'K"!) and that obtained from
Gibb’s free energy is negative, showing the spontaneous nature
of the adsorption process.

AH°
RT

Table 1. Thermodynamic parameters of Cr(VI) adsorption on poly (AMPS-co-1A) hydrogels.

Type of adsorbent Temperature T, in Kelvin 1/ (K™') x10-3 Equilibrium  constant, In K, AG® AH® AS®
¢ kJ/mol kd/mol J/mol/K

293 3.41 1.053 0.0516 -0.294
298 3.35 1.323 0.2799 -0.684

Assembled hydrogels 303 3.3 1.525 0.4219 -1.074 22.56 77.88
308 3.2 1.824 0.6010 -1.759
313 3.2 1.998 0.6914 -1.854
293 3.41 1.071 0.069 -0.287

Disassembled hydrogels 21.80 75.38
298 3.35 1.413 0.3457 -0.55
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303 3.3 1.534 0.4278 -0.925
308 3.2 1.887 0.6349 -1.3
313 3.2 1.986 0.6861 -1.675

Equilibrium studies: Using both assembled and disassembled
hydrogels as the adsorbent, Langmuir and Freundlich model
were verified. Langmuir model was verified according to the
equation (6) [23]:

e 1 Ce
£ = 5 +
qe qmax ' max

—(6)

For the disassembled hydrogels the greatest equilibrium
sorption capacity ‘q,,” was obtained for Cr(VI), i.e. 333.3 mgg
~1, which decreased to 250 mgg~! for the same adsorbate when
assembled hydrogels were used as the adsorbent. The good
agreement of the Langmuir plots with the experimental data
suggests monolayer coverage of Cr(VI) ions on the surface of
both assembled and disassembled hydrogels as the adsorbent.
The corresponding values ‘q,,’” and ‘b’ obtained from these
plots are quoted in Table 2. The Freundlich parameters ‘k¢” and
‘1/n’ are also presented in the same Table. Freundlich isotherm
was verified as per the following equation (7) [25]:

log q. = log k¢ + 1/n log C.— (7)

Where, ‘C.’ is the equilibrium concentration in mgl’!, ‘q.’ is
the amount adsorbed in mgg!, k¢ and ‘1/n’ are Freundlich
constants related to adsorption capacity and intensity of
adsorption, respectively. A linear relationship was observed
when plotted between log q. and log C. which indicates the
applicability of the Freundlich equation to both assembled as
well as disassembled hydrogels. The values of ‘1/n’ between

Table 2. Adsorption isotherm parameters for the adsorption of Cr(VI) .

0.1 to 1.0 shows that adsorption of Cr(VI) on the hydrogels
adsorbent is favourable [26]. Freundlich isotherm fits best for
the adsorption of Cr(VI) by assembled hydrogels. This is
confirmed by the higher correlation coefficient (r>=0.983) and
lower Fepor (0.0932).

The adsorption sequence of Cr(VI) ions on these adsorbents
was as follows: Disassembled hydrogels > assembled
hydrogels. Factors such as smaller size and greater surface area
of disassembled hydrogels, free energy of hydration and
hydrated radii of the Cr(VI) ions are responsible for the
observed variation in adsorption. The structure of hydrogels
contain large amount of space filled with water in aqueous
medium. The dissolved Cr(VI) ions have a greater possibility
for getting into these spaces and get stayed there for a period of
time. The only factor, which might be preventing Cr(VI) ions
from being adsorbed by assembled or disassembled hydrogels,
could be the size of the hydrated ion. As the Cr(VI) ions will
exist anionic at this specific pH range, its size is expected to be
greater. If the hydrated ion size is greater than that of the space
available or the pores of the hydrogels surface upon which the
adsorption takes place, the adsorbate may be excluded or few
of the waters of hydration must be stripped from the solvated
ions to enable them to enter. The assembled hydrogels have
lesser exposure of surface than its disassembled counterpart.
Naturally, this could be the reason for higher capacity of the
disassembled hydrogels towards Cr(VI) adsorption.

Langmuir parameters

Freundlich parameters

Name of the adsorbent

q b
e R, at10 ppm 12 Ferror n K 2 Forror
mg/g L/mg
Disassembled hydrogels 333.3 0.0034 0.967 0.985 0.1322 1.47 1.607 0.975 0.0910
Assembled hydrogels 250 0.0035 0.966 0.947 0.1145 1.293 2.104 0.983 0.0932

Kinetic studies of Cr(VI) on poly (AMPS-co-IA) hydrogels:
With the help of various Cr(VI) initial concentrations (100,
200, 300 ppm) and the fixed quantity of hydrogels (0.1 g per
25 mL), the concentrations of the metal ions in solution were
determined at regular times. The resulting data were used for
the determination of kinetic model, which may suits the
adsorption process. The pseudo-first-order (PFO) and pseudo-
second-order (PSO) models were tested. The linear equation
for the PFO [27] is given as;

1n(Qe'Qt) =ane - I<1t - (8)

logQe - Klt

10g(Qe — Q) = —353— — (9
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Where, ‘Q;’ is the amount of Cr(VI) adsorbed at a time and ‘k’
is the equilibrium rate constant (min~!). The rate constants (k)
for each of the systems were calculated from the linear least
square method and are given in Table 3.

Ho’s PSO equation [28] is as given below,

t 1 t
—=—+——(10)
Qt sz Qe
e
The slope and intercept obtained for the linear plots of ‘t/q’
vs ‘t’ curves were used to determine the rate constants.

As it can be seen from Table 3, overall adsorption process
fitted to the PSO model. This behaviour can be explained with
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the existence of chemisorption’s. Since, both the assembled
and disassembled forms of poly (AMPS-co-IA) hydrogels have
no difference in their chemical structure and bonding, the
results of the kinetic models are fairly similar for both the
adsorbents. At lower concentrations, adsorption kinetics also
fitted to PFO (100 ppm) together with the PSO. Usually, for
these adsorbents, PFO model is applicable to initial time course
of the adsorption process but, it does not represent the overall
kinetic range. For all initial concentrations, PSO fitted better
with high coefficient of determination and resulted in
reasonable theoretical and experimental ‘q,’ values.

Table 3. Parameters for kinetic mechanism of Cr(VI) on poly (AMPS-
co-1A) hydrogels.

Concentration Coefficient of
Type of .. of Cr(VI) —
aZsorbent ::ggttallc solution in Rate constant ?etermmatlo Ferror
ppm r2
100 0.09672 min™' 0.930 0.0892
PFO 200 0.1359 min™' 0.893 0.0889
300 0.1221 min™! 0.946 0.0813
Assembled 0.0531
hydrogels 100 mg/g/min 0.983 0.0993
PSO 200 21'8/791/%” 0.982 0.0991
300 g;:;g‘tiin 0.982 0.101
100 %g?:/;in 0.983 0.0897
PFO 200 Om;?g5/gm|n 0.915 0.0883
. 300 0.1221 . 0.969 0.088
Disassemb mg/g/min
led
hydrogels 100 g;;?;amm 0.995 0.105
PSO 200 2;;/29?;“ 0.988 0.0999
300 %g?g??mn 0.993 0.0994

Effect of contact time: A compact picture of effect of contact
time with assembled and disassembled hydrogels as the
adsorbent with respect to the initial concentration of 100, 200
and 300 ppm of Cr(VI) is shown in Figure 4. In assembled
hydrogels, concentrations of Cr(VI) ion in the residual solution
was started to decrease at 25 minutes of contact time.
Therefore, after 25 minutes of contact time, a steady state
approximation was observed and a quasi-equilibrium situation
was established and at 50 minutes the adsorption reached its
maxima. The rate of Cr(VI) removal is found to be very rapid
during the initial time course and thereafter, the rate of metal
ions removal decreases. No significant change in metal ion
removal is observed after about 50 minutes. It is also found
that the adsorptive removal of the metal ions ceases after 60
minutes of contacting with the assembled hydrogels. During
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the beginning stage of adsorption, a large number of vacant
surface sites are available on the assembled hydrogels. After
having spent some time, the remaining vacant, unoccupied
surface sites are difficult to be occupied due to repulsive forces
that occur between the solute molecules on the solid surface
and the bulk phase [29]. Besides, the metal ions are adsorbed
onto the swollen surface of the hydrogels that get almost
saturated with Cr(VI) ions during the initial stage of
adsorption. Thereafter, the Cr(VI) ions have to traverse farther
and deeper into the hydrogels encountering much larger
resistance offered by numerous forces. This results in the
decreased optimum time of contact in the adsorption during the
latter period of adsorption. On the other hand, when
disassembled hydrogels were used, the removal of Cr(VI) ions
from aqueous solution was started to increase from 5 minutes
contact itself. This was because of the increased surface area of
the adsorbent as the hydrogels were disassembled into small
pieces which ensure maximum exposure of Cr(VI) ions at the
earliest possible contact time. Also, the probability of Cr(VI)
ions facing the adsorbents increases with an increase in the
number of adsorbent entities. Therefore, after 5 minutes of
contact time, a steady state approximation was observed and a
quasi-equilibrium situation was observed and at 35 minutes the
removal of Cr(VI) was maximum. There appeared no
significant change in the Cr(VI) removal is observed after
about 35 minutes. It is also found that the adsorptive removal
of the Cr(VI) ceases after 40 minutes of contacting with the
disassembled hydrogels.

100

o
S
1

=
S
1

—=— 100 ppm assembled
—— 200 ppm assembled
—4a— 300 ppm assembled
—v— 100 ppm disassembled ||
—<— 200 ppm disassembled
—>— 300 ppm disassembled

% Removal of Cr(VI)

<)
S
1

0 10 20 30 40 50 60
Contact time (minutes)

Figure 4. Effect of contact time.

Effect of sand impurities: The adsorption process of real
polluted water will possibly have the influence of sand, mud
and other unwanted impurities, as interferences. It will become
difficult to remove Cr(VI) ions existing in aqueous solution, if
found along with some sand impurities. In this study, sand was
introduced with varying size as shown in Table 4 and the
corresponding percentage of Cr(VI) removal was noted in
Figure 5. Sand was collected from the Pennar river shore,
Cauvery river bed, Thirumalairajanur Estuary [30] and some
form of sand during the rain deposit. As it is evident from the
Figure 4 that the smaller the size of the sand, greater the
disturbance for adsorption observed. This is valid for both
assembled and disassembled forms of hydrogels. This is
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because smaller sands adsorb to the surface of the hydrogels in
competition with the Cr(VI) ions [31]. This competition is
overcome by the increase in size of the sand in the
disassembled form of hydrogels. Because, disassembled
hydrogels cannot hold the sand or other particles which are
larger than themselves. But the situation does not happen with
assembled hydrogels since; bigger sized sand can also be
adsorbed by assembled hydrogels to some extent. Therefore,
the problem of sand impurity retains for the assembled
hydrogels even with the coarse sand to a comparably greater
extent than the disassembled.

100 . . . .

% Removal

10 4 —=— Assembled hydrogels
—e— Disassembled hydrogels

T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
size of sand particle (mm)

Figure 5. Variation of % removal with respect to the sizes of sand
used for this adsorption process.

Table 4. Types of sand used for adsorption process.

Size of the sand in diameter

S.No Type of the sand (mm)
1. Very fine silt 0.004
2. Fine silt 0.008
3. Medium silt 0.015
4. Coarse silt 0.03
5. Very fine sand 0.06
6. Fine sand 0.125
7. Medium sand 0.25
8. Coarse sand 0.5

Desorption and reuse studies

Cr(VI) absorbed onto both the assembled and disassembled
forms of Poly (AMPS-co-IA) hydrogels were desorbed
independently, by con.HNO;. It was learned that the formation
of Chromic acid, from the sorbed Cr(VI) in aqueous medium,
is the driving force for the desorption of Cr(VI) from the
surface of the polymer hydrogels [32]. Every Cr(VI)-hydrogels
samples were introduced into the conc.HNOj; and the resulting
hydrogels, which is free from Cr(VI), was reused as adsorbent
for further adsorption. However, the adsorbate Cr(VI) was
collected in the form intense yellow coloured aqueous solution
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and was used as the source for Cr(VI). Adsorption-desorption
cycle was continued for five times and the corresponding
efficiency of polymer hydrogels was noted in the form of their
%R as in the Figure 6. After five cycles, assembled polymer
hydrogels were less efficient than disassembled hydrogels,
ensuring it’s less compatibility towards desorption using
conc.HNOj3. This result further specifies the importance of
disassembling the hydrogels.

99.4 o

99.3 4 Te—e.

99.2 e

99.1

99.0
%R 98.9

98.8

98.7 4

9869 g~ Assembled hydrogels

98.5.] |—@— Disassembled hydrogels

T T T T T
1 2 3 4 5
No.of cycles

Figure 6. Adsorption-desorption cycles.

Conclusions

We conclude hereby, that both the assembled and disassembled
forms of poly (AMPS-co-IA) hydrogels are efficient acidity
regulators and adsorbents for the removal of Cr(VI) ion from
aqueous solution. Based on the comparison of adsorption
capacity for the known adsorbents for Cr(VI) adsorption both
assembled and disassembled poly (AMPS-co-IA) hydrogels
were found to be superior [20,31]. This is because of the
abundance of acidic groups on the surface of this hydrogels.
This abundance serves two important purposes: i) reducing the
pH of the medium and thereby, ii) providing suitable
atmosphere for the formation of anionic Cr(VI) species. The
hydrogels adsorbent demonstrates high activity and selectivity
in adsorbing important Cr(VI) species. Thermodynamic and
equilibrium studies confirm the above fact. Q,,,, values for the
removal of Cr(VI) using assembled hydrogels is 250 mg/g.
However, it has become 333.33 mg/g when disassembled
hydrogels was used as the adsorbent. Freundlich adsorption
isotherm and PSO are found more appropriate, respectively
equilibrium and kinetic models for the removal of Cr(VI) using
both the forms of hydrogels. The optimum contact time was 50
minutes for assembled hydrogels but, it was found drastically
reduced to 35 minutes with disassembled hydrogels. Sand
impurities affect the disassembled form of the hydrogels to a
lesser extent than that of the assembled hydrogels.
Disassembled hydrogels were better to reuse after desorbing
Cr(VI) by means of conc.HNO; than its assembled hydrogels.
In future, the disassembling method might be useful to improve
the activity of hydrogels involved in the activities like drug
delivery.
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