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Abstract

Amberlite XAD-2 functionalized by coupling through -C=N- spacer with isatin via an environmental friendly protocol.
The modified resin was used for the evaluation of its sorption capacity towards toxic Cr (VI) ions using spectrophotome-
ter. pH, volume, sorbent amount, initial concentration of Cr(VI) ions, and agitation time were optimized. The Freundlich
and Dubinin- Radushkevich models gave better fit to isotherm data than Langmuir model. The evaluation of kinetic data
indicated pseudo-first-order kinetics followed by sorption process. Thermodynamic parameters were also evaluated.
Maximum recovery was obtained at 10 mL of 0.1M NaOH. Spiking methodology was used to confirm the validity of
proposed method. The results revealed that developed method can be used for the removal of Cr(VI) ions efficiently from

water, as well as reused for three cycles.
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1. Introduction

Heavy metals are continuously discharged into the
natural environment. The rapid industrialization and their
growth in the world pollution cause trouble to all forms of
life. Most of the industries discharge wastewater and their
effluents containing toxic metals without proper treatment
and it becomes a major risk for human health.!-3

Chromium is a commonly used metal in various in-
dustries, such as chrome plating, leather tanning, dyes, and
wood treatment. Chromium primarily occurs in two dif-
ferent oxidation states, i.e. trivalent [Cr (III)] and hexavalent
chromium [Cr (VI)]. Cr (III) is considered as a crucial trace
mineral and it is essential for normal removal rates of glu-
cose from blood, as well as protein and lipid metabolism, °

however Cr(VI) is a well-established carcinogen associated
with lung, nasal and sinus cancer. It diffuses into the cell
membrane of living organisms owing to its high solubility in
water, high oxidation potential and relatively smaller size.®
The high levels of Cr (III) may have some adverse health
effects, while Cr (V1) is hazardous even at low concentra-
tions. The extensive use of chromium in the industries and
improperly treated water effluent introduce environmental
concerns.”® According to World Health Organization
(WHO) and US Environmental Protection Agency (EPA),
the permissible limit of Cr (VI) is 0.05 and 0.1 mg/L respec-
tively in drinking water.” The continuous elevation of Cr(VI)
concentration is one of the prime cause of water toxicity,
therefore the elimination of Cr(VTI) toxic species from water
resources is of current interest to researchers.
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Heavy metal ions can be removed from wastewater
in order to reduce toxicity by using various methodologies
including adsorption, biodegradation, ion exchange, oxi-
dation, solvent extraction efc,'0 as well as reduction pro-
cess that converts Cr (VI) to Cr (III) has also reported for
the remediation of waste water.

Among them, adsorption is the most common tech-
nique for the remediation of waste water from pollutants,
due to its cost effectiveness and easy to handle. Adsorption
technique has capacity for recovery of value added compo-
nents via desorption and regeneration of adsorbent.! 12

Both natural as well as synthetic sorbents gained
much attention owing to their metal-binding capacities,
such as Alisma Plantago Aquata (APA), modified rice
bran, coconut shell carbon, and banana pith efc has been
reported as natural sorbents for the removal of Cr (III), Cu
(I1), Zn (II), Cd (II), Pb (II), and Rhodamine-B from wa-
ter,!3-16 while synthetic sorbents including new synthetic
polymers and modified polymeric material like polysty-
rene and Amberlite XAD resins have been used to remove
chemicals or metal ions from water and soil.!” Amberlite
XAD-2 can be used as sorbent due to high surface area and
large pore size, moreover it can be functionalized via mild
techniques and these modifications make it more selective
for the target analytes.!®

2. Experimental

2. 1. Instruments

Orion 5 star model pH meter was used to carry out
pH measurements. Orbital Incubator Model I-4000 was
used for batch experiments. Fourier Transform Infrared
Spectroscopy (FT-IR) analysis in each step of synthesis i.e
nitration, reduction and isatin based Amberlite XAD-2
resin was made with FT-IR model Nicolet IS10.

Scanning Electron Microscope (SEM) images for
confirmation of morphological changes were carried out
by using a scanning electron microscope Jeol model JSM-
6490 LV. Chromium as Cr(VI)-diphenyl carbazide com-
plex was determined by Hitachi 220 Spectrophotometer.

2. 2. Reagents and Solutions

The chemicals used to carried out the experimental
work were chemically pure and of analytical grade.

Amberlite XAD-2, Concentrated (Conc.) hydro-
chloric acid (HCl), Conc. sulphuric acid (H,SO,), Conc.
nitric acid (HNOj3), sodium hydroxide (NaOH), potassi-
um chloride (KCI), tin (II)chloride (SnCl,), ethanol
(C,H50H), Isatin, sodium acetate (CH3;COONa), acetic
acid (CH3;COOH), potassium dichromate (K,Cr,0,),
1,5-diphenylcarbazide, acetone [(CHj3),CO], sodium ni-
trate (NaNOj3), sodium phosphate (Na;PO,), cobalt (II)
acetate [Co(CH;COO), - 4H,0], Sodium Phosphate (Naj
PO,), copper (II) chloride (CuCl,), nickel (II) chloride

(NiCl, - 6H,0), manganese sulphate (MnSO,- H,0), mag-
nesium chloride (MgCl,), Iron (III) Nitrate [Fe(NO3)s],
sodium carbonate (Na,CO;) were purchased from Sig-
ma-Aldrich and Merck (Germany).

The pH was adjusted by using desired buffer solu-
tions of different ratios of 0.1 M HCl/ KCl for pH 2, 0.2 M
CH;COOH/CH;COONa for pH 4 and 6 and 0.1 M NaOH
for pH 8 and 10. The 1000 ppm stock solution of Cr(VI)
was prepared by adding 0.2835 g of K,Cr,0;in 100mL dis-
tilled. Dilution method was used for the preparation of
various Cr(VI) concentrations such as 100 ppm, 10 ppm, 8
ppm, 6 ppm, 4 ppm and 2 ppm.

2. 3. Procedure of Synthetic Modification
of Amberlite XAD-2 Resin

Nitration and reduction of Amberlite XAD-2 Resin
was done by reported procedure.'’

In final modification step, 2g of aminated resin was
grinded with 2g of isatin in the presence of catalytic
amount of HCI (1mL) for 15 min in pestle mortar in order
to provide appropriate mechanical energy for reaction.
The camel brown precipitates were obtained, washed with
water and ethanol and subjected for the IR spectroscopy.

2. 4. Sorption Procedure

Sorption experiments were conducted through batch
technique in an incubated shaker by varying the parame-
ters that can affect sorption of Cr (VI) on to isatin based
Amberlite XAD-2 resin. The effect of pH, volume of sor-
bate, sorbent dosage, shaking time, temperature and initial
concentration was studied. In this regard, pH was varied
from 2 to10. The pH was adjusted by using buffer solutions
of 0.1 M HCI/KCI for pH 2, 0.2M CH;COOH/CH;COO-
Na for pH 4 and 6 and 0.1M NaOH for pH 8 and 10. Sor-
bate volume, resin amount, shaking time, temperature and
initial concentration of potassium dichromate solution
were optimized in range of 10-60 mL, 0.05 to 0.35 g, 5 to
320 min, 10 to 50°C and 5 to 1000 ppm respectively. After
the predetermined time, the sorbate solution was with-
drawn and filtered to separate the sorbent. For spectro-
photometric determination of Cr(VI) 1,5-diphenyl carba-
zide reagent was used, spectrophotometer was calibrated
using Cr(VI) solution (2 to 10 ppm) contained 1 mL of
1,5-diphenyl carbazide and 2 mL of 3 M H,SO,. The con-
centration of metal ions before and after sorption was
measured by following procedure.

% sorption was calculated using Eq. (1).

%sorption:(C‘%_Cf)x 100 (1)

Where C; and C; are the initial and final concentra-
tion of solution before and after sorption in (mg/L) of
Cr(VI) respectively.
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2. 5. Desorption Experiment

0.25 g of used sorbent was agitated with 5 and 10 mL
of 0.1 M HCI, 0.1 M HNO; and 0.1 M NaOH respectively.
The sorbent was collected from solution by filtration after
the recovery experiment and washed with a plenty of dis-
tilled water and reused for analysis.

3. Results and Discussion

3. 1. Chemistry and FT-IR Analysis

The synthetic modification was done by three steps
i.e. Nitration followed by reduction and formation of isatin
based Amberlite XAD-2 Fig. 1.

with isatin in the pestle mortar with different intervals of
time i.e. 5, 10 and 15 min. After each interval of time IR
spectrum was taken to confirm the maximum conversion
of amino group into imine group. The 15 min grinding was
found to be enough for conversion. After 15 min sharp
peaks for imine bond was observed with disappearance of
amino group peaks Table-1. After 15 min grinding, camel
brown precipitates were obtained. These precipitates were
washed with distilled water as well as ethanol in order to
remove impurities or un-reacted isatin.

Table 1. Grinding Time for Maximum Conversion

Grinding time (min) Imine Peak Appearance

In last step of modification a solid state chemistry > Weak
was used in order to make modification environmental be- 12 I\I/Ietdlum
nign. In this regard amino-Amberlite XAD-2 was ground frense

O
COHC HNO3 SIICIZ + HCl Conc HC1
Conc. H,SO, NH 0 Grmdmg
NH (0]
Amberlite Nitro- Amberlite Amino- Amberlite [gatin  Isatin based Amberlite
XAD-2 XAD-2 XAD-2 XAD-2

Figure 1. Reaction Scheme for Synthetic Modification of Amberllite XAD-2
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Figure 2. FT-IR Spectra of (a) Nitro-Amberlite XAD-2 (b) Amino- Amberlite XAD-2 (c) Isatin based Amberlite XAD-2

|
\w

e e e b .
2000 1500 1000 500

Jamil et al.:

Environmental Friendly Synthetic Modification ...



Acta Chim. Slov. 2020, 67, 260-269

All three products obtained from each step of syn-
thesis were subjected to FT-IR. The presence of two clear
peaks at 1519.65 and 1345.19 cm™ which were assigned
for N-O asymmetric and N-O symmetric stretching vibra-
tion respectively, confirmed that nitration of Amberlite
XAD-2 has carried out successfully Fig. 2. (a). The reduc-
tion process i.e. conversion of nitro into amino group was
confirmed by the presence of peaks at 3355.37, 1621.87
and 1272.53 cm™, assigned for N-H stretching, N-H bend-
ing, C-N stretching respectively. Peaks for nitro group
were disappeared, that confirmed the successful reduction
Fig. 2. (b). The Isatin based Amberlite XAD-2 product was
confirmed by the prominent imine (-C=N-) peak at
1614.68 cm™, it also showed peak at 3189.40 cm™ and
1725.41 cm~'which are attributed to N-H and C=0 of am-
ide group of isatin respectively, shown in Fig. 2. (¢).2%!

3. 2. SEM Analysis

SEM analysis was carried out to examine the surface
morphology of both modified and free Amberlite XAD-2
resin. Fig. 3. (a) is showing SEM photograph of free Am-
berlite XAD-2 resin and Fig. 3. (b) SEM photograph of
Isatin based Amberlite XAD-2 resin. Surface modification
of Amberlite XAD-2 is confirmed by significant difference
in morphology which can be seen in images of free and
modified Amberlite XAD-2 resin.

3. 3. pH Effect

pH is considered as a key parameter which influences
the surface activity of the resin for the sorption of metal ions.
There was a slight increase in % sorption from pH 2-4. The
removal of Cr(VI) was then reduced with rising pH which is
shown in Fig. 4. The sorption of metals is associated to the
surface functional groups and chemistry of the sorbate metal
ion-solvent interaction that change with the pH. The chromi-
um (VI) ions can exist as hydrogen chromate (HCrO,") or
chromate (CrO4>") or dichromate (Cr,0,2) which depends
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Figure 4. pH Effect for Cr(VI) sorption onto Isatin based Amberlite
XAD-2 resin

upon the pH of the solution. The dominant form of Cr(VI) is
HCrO," atacidic pH 2,and predominant forms at higher pH
are CrO,* and Cr,O,%". Due to strong electrostatic attraction
between negatively charged chromium species and positively
charged surface groups higher sorption at lower pH is ob-
served and above pH 6 sorption was reduced, which can be
attributed to competitive sorption of CrO,2~ and OH~ ions.??

3. 4. Volume Effect

The volume effect of Cr(VI) on %sorption by isatin
based Amberlite XAD-2 was investigated and is shown in
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Figure 5. Volume effect for Cr(VI) sorption onto isatin based Am-
berlite XAD-2 resin
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Figure 3. SEM photograph of (a) free Amberlite XAD-2, (b) Isatin based Amberlite XAD-2
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Fig. 5. Volume was varied from 10 to 60 mL, maximum
response was observed at 10 mL, sorption was decreased
with an increase in volume can be attributed to limited
availability of sorption sites because Cr(VI) ions were am-
plified with increase in volume of Cr(VI) solution but res-
in amount was constant.

3. 5. Resin Dosage Effect

The resin dosage effect on the sorption of Cr(VI)
ions were examined in the range of 0.05 g to 0.35 g, sorp-
tion was increased with increase in resin amount up to
0.25 g, after which sorption capacity nearly remained con-
stant shown in Fig. 6. Due to larger surface area and acces-
sibility of more sorption sites, sorption was increased with
resin amount. At higher sorbent dosage there are not
enough Cr(VI) ions in the solution to occupy the active
sites and as a result the sorption tends to become constant.
So 0.25 g of modified Amberlite XAD-2 was chosen as
most favorable resin amount for further analysis.

100
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40
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% Sorption

0 0,1 0,2 03 04
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Figure 6. Resin dosage effect for Cr(VI) sorption

3. 6. Kinetic Study

The influence of shaking time on % sorption was ex-
amined by varying the time from 5 to 320 min by keeping
other optimized parameters constant. It was observed that
the sorption was increased till 60 min, after 60 to 320 min
no significant change in sorption was observed, and the
system attained equilibrium. Kinetic models are of great
importance for analyzing the kinetic data, they can give
description of what is happening during the sorption pro-
cess and can also give significant information about the
sorbed and residual amount of solute in the solution at any
instant of the experiment.?* The sorption mechanism was
identified by subjecting the studied kinetic data to three
most commonly used kinetic models, known as Lager-
gren, Ho and Mckay and Morris-Weber models.

3. 6. 1. Lagergren (Pseudo-First-Order Kinetics)

Lagergren equation is given as;

In (ge—qt) = In ge — kit 2)

Where K; is the rate constant of pseudo-first-order
in (min!) and q. (ug/g) is the the amount of Cr(VI) ions
sorbed on the sorbent at equilibrium were determined
from the slope and intercept of linear plot of In(q.—q;) Vst
shown in Fig. 7 and q; (ug/g) is the amount of Cr(VI) ions
sorbed on the sorbent at time t.>* Kinetic parameters
which are obtained in this study of pseudo-first-order
model are given in Table 2.

y=-0,0795x +5,6991
R>=0,9903

In(qe-qt)
w

0 \ T
0 20 40 60 80

Time (min)

Figure 7. Lagergren kinetic model for Cr(VI) sorption onto isatin
based Amberlite XAD-2

3. 6. 2. Ho and Mckay (Pseudo-Second-Order
Kinetics)

Ho and Mckay kinetic model is presumably depend
on chemisorptions, in which sorption occur because of
electron exchange between sorbate and sorbent. The pseu-
do-second-order rate equation is given as;

t 1

= (=) +(3) )

3
qr qe

Where, K, is rate constant in (g/pg min) of pseu-
do-second-order and q. (ug/g) is the the amount of Cr(VI)
ions sorbed on the sorbent at equilibrium were obtained
from the slope and intercept of linear plot of t/q; against t

0,9 y=0,0027x + 0,0137
R2=10,999

0 50 100 150 200 250 300 350
time (min)

Figure 8. Ho and Mckay kinetic model for Cr(VI) sorption onto
isatin based Amberlite XAD-2
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Table 2. Kinetic parameters for the Cr(VI) sorption onto isatin based Amberlite XAD-2 resin

Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

- qe (ug/g) qe (ug/g) 2 . qe (ug/g) qe (ug/g) 2
K, (min™) Calculated Experimental R K; (g/pg min) Calculated Experimental R
0.079 298.5 357 0.990 0.013 76.92 357 0.999

shown in Fig. 8 and q in (ug/g) is the sorbate amount re-
tained at time t.2° Kinetic parameters which are obtained
in this study are given in Table 2.

Table 2. has summarized the pseudo-first-order and
pseudo-second-order kinetic parameters which showed
calculated ge value 298.5 ug/g of Lagergren is more close
to experimental value as compared to calculated value of
Ho and Mckay 76.92 ug/g which indicated that pseu-
do-first-order rate equation is more appropriate for expla-
nation of kinetic process.

3. 6. 3. Morris-Weber Model (Intra-Particle
Diffusion Model)

The diffusion mechanism cannot be recognized only
by Lagergren, Ho and Mckay kinetic models, therefore ki-
netic data was also applied to Morris-Weber model. This
model states; if the plot of q, against Vt is straight and pass-
ing through origin then the sorption is considered to occur
via intra-particle diffusion and the rate controlling step only
depends upon it, while if it is not passing from the origin it
gives the indication that at the same time some other kinetic
phenomenon may be responsible for rate-controlling step.2®
In current study, plot of qt against Vt is linear but it does not
pass through origin shown in Fig. 9 Which is indicating that
sorption rate is controlled by some other kinetic phenome-
non and all of which may be operating at the same time.

Equation of this model is given as;

qt= Rd\/’[ 4)

Where, the rate constant of intra-particle diffusion is
Ry which is calculated from the slope of plot of qt against
Vtand g, is the amount of metal ions sorbed in ug/g at time
tin min~12,

450
400
350
300

50

Ed
= 200

=
150
100
50

y =40,957x + 68,146
R>=10,9002

€12 (min'’2)

Figure 9. Morris-Weber kinetic model for Cr(VI) sorption onto
isatin based Amberlite XAD-2

3. 7. Sorption Isotherm

Sorption isotherm play main role to predict the sor-
bent capacity for removal of a pollutant. The sorption ca-
pability of isatin based Amberlite XAD-2 for removal of
Cr(VI) ions has been evaluated by applying Langmuir,
Freundlich and D-R isotherms.

3.7. 1. Langmuir Isotherm

The Langmuir isotherm is used for the assumption of
monolayer surface coverage which shows equal affinity of
all binding sites for sorbate molecules and maximum sorp-
tion capacity of the sorbent is calculated by using Eq. (5)

B_LLC (5)
Cads Qb Q

The plot of C./C,4 versus C, gives 1/Q and b as a
slope and intercept from which value of Q can be obtained.
In this equation b is a constant related to free energy of
sorption.?”

The non-linear plot of C./C,q4 versus C. was ob-
tained in current study, which indicated that experimen-
tal data does not follow the Langmuir isotherm Fig. 10.
The regression coefficient was also not fitted to experi-
mental data.

0,0014

0,0012 *
0,001 y=0,1951x + 7E-05
R*=0.2758 e

% =
3 0,0008 S 2 e :
3 e E
3 0,0006 g

0,0004 o

P &
0,0002 -
0 * 4 A.

0 0,0005 0,001 0,0015 0,002 0,0025 0,003 0,0035 0,004 0,0045
Ce

Figure 10. Langmuir kinetic model for Cr(VI) sorption onto isatin
based Amberlite XAD-2

3. 7. 2. Freundlich Isotherm

The Freundlich isotherm Eq. (VI) is applied to pre-
dict the probability of multi-layer surface coverage and it is
characterized depend on the non-linear energy distribu-
tion of the sorption sites for the same sorbent.?®
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log Cugs=log A + % log Ce (6)

Where, maximum sorption capacity A and hetero-
geneity factor 1/n which are Freundlich constants can be
determined from the slope and intercept of plot of In C,4,
versus InC,. In this study the value of 1/n, <1, shows that
Cr(VI) is favorably sorbed by the resin at lower equilibri-
um concentration.?’ Calculated values are listed in Tab-
le 3.

The linear plot of InC, versus InC,4; and regression
coefficient R? = 0.93 shown in Fig. 11 has indicated that
experimental data gave good fit to Freundlich isotherm.

o
o

B y=0,7%4x + 1,904 o 2 1
R2=0,9317 » 0,5
.
g -
(:g -1,5 -
2
2
2,5

b
e

log C,

Figure 11. Freundlich isotherm for Cr(VI) sorption of onto isatin
based Amberlite XAD-2

3. 7. 3. Dubinin- Radushkevich Isotherm

The D-R isotherm was applied to presume the poros-
ity characteristics and the apparent free energy of sorption.
The Eq. (7) shows the linearized form of the D-R equation

InCadgs = InXm — BSZ (7)

Where C,q4, is the amount of Cr(VI) ions sorbed per
unit mass of sorbent, X, and f are D-R isotherm constants,
and ¢ is a Polanyi potential which is as given in Eq. (8)

e =RTIn(1+3) (8)

Where R is a gas constant in KJ/mol, T is the tem-
perature in K and C, is the equilibrium concentration. The
linear plot of &? versus InC,4, shown in Fig. 12 gives ff and
InX,, as slope and intercept, energy E can be obtained
from the value of slope by using Eq. (9).3

1
E= 75 (9)

The value of mean free energy E (kJ/mol) suggests
that sorption mechanism is either chemical ion exchange
or physisorption. According to literature if E value is in the
range of 0-8 then sorption mechanism will be considered

as physisorption and the if the value lies in between 8-16 it
will correspond to chemisorptions.®!

In current study, the value of mean free energy E is
3.58 KJ/mol which is calculated from the value of slope
given in Table 3 assuming that sorption mechanism of
Cr(VI) onto modified Amberlite XAD-2 follows phy-
sisorption.

0 ‘ ‘
50 100 150 2t
1 A
_2 |
£
i
g S
-4 y=00393x+18487 O ®
R?=0,9767
5 \
b
.
6
SZ

Figure 12. Dubinin-Raushkevich isotherm for Cr(VI) sorption onto
isatin based Amberlite XAD-2 resin

Table 3. Isotherm parameters for Cr(VI) sorption on Isatin based
Amberlite XAD-2 resin

Parameters Freundlich D-R
A (ugl/g) 6.712 -
X (ugl/g) - 6.347
1/n 0.756 -
E(kJ/mol) 3.58

B (mol? KJ-2) - -0.039
R2 0.931 0.976

3. 8. Thermodynamics of Sorption

Sorption of Cr(VI) onto isatin based Amberlite
XAD-2 resin was analyzed at different temperatures be-
tween 10 and 50 °C and maximum sorption was obtained
at 10 °C. It was reported that the sorption capacity reduced
with increase in temperature suggests that sorption pro-
cess is exothermic. Temperature reliance of sorption pro-
cess is connected with different thermodynamic parame-
ters like change in Gibbs free energy (AG®), entropy (AS®)
and enthalpy (AH®) were analyzed by Vant Hoff equations
which are given as follows

AG®° = —RTInK. (10)
InKc = A_SO_AHO (11)
R RT

Where, R is the gas constant (8.314 J/molK), T is
absolute temperature (K) and K. is the equilibrium con-
stant. The Value of K. was obtained from the ratio of
amount of Cr(VI) sorbed onto modified Amberlite XAD-
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2 resin to that of solution phase concentration of Cr(VI).
The values of AH®, AS® and AG® are given in Table 4. The
variation in enthalpy and entropy were obtained from
slope and intercept of the plot of Ink_ versus 1/T respec-
tively Fig. 13.32-33

4
35
! y =9778,8x - 30,982
3 R*=0,9708
25
2
g 15
1
0,5
0 T T
_0,9,003 0,Q0 0,8032 0,0033 0,0034 0,0035 0,0036

UT (K1)

Figure 13. Temperature effect on the sorption of Cr(VI) ions on
Isatin based Amberlite XAD-2

Table 4. Thermodynamic parameters of Cr(VI) sorption onto isatin
based Amberlite XAD-2 resin

T(°C) AH® (KJ/mol) AS°(J/molK) AG°(KJ/mol)
10 -81.25 -0.257 -8.214
20 -6.102
30 -3.812
40 0.565
50 1.310

In this study, the negative enthalpy change indicating
exothermic nature of the sorption process whereas nega-
tive entropy change showed that randomness of Cr(VI)
reduces as it passed from solution to sorbed state. The neg-
ative free energy changes from 10 to 30 °C indicated the
spontaneous nature of the process while from 40 to 50 °C
positive value of free energy change was taken as a sign of
non-spontaneous sorption process.

3. 9. Interference Study

Presence of common ions in solution is reported to
have effect on removal efficiency, this is may be owing to
formation of precipitates or competition for sorption
sites.* Therefore effect of different ions on removal effi-
ciency of Cr(VI) ions onto isatin based Amberlite XAD-
2 have been examined using optimized conditions. 1:10
concentration ratio of some anions and cations were
added with the Cr(VI) solution. In the presence of sodi-
um nitrate, sodium phosphate, nickel chloride, manga-
nese sulphate, sorption of chromium (VI) was reduced
while remaining added electrolytes have no considerable
effect on the sorption. The results are shown in the
Fig.14.

100
g
2 60 -
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& 40
X 20
0
N () 3 o . A o . ¢ o
N <<~""& 0&‘ *oq’\ os\b Ox\b \\q’\ Q&\b -@\ &\
TIFTF S F S G
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& @ & s D & & L
< P > Qq, ~C\§J oé,b' & AN\, 0&
SN A @fv“ o5 o

Interfering Electrolytes

Figure 14. Sorption of Cr(VI) onto isatin based Amberlite XAD-2
resin in the presence of other electrolytes

Table 5. Interference effect of electrolytes on the Cr(VI) removal

Interference Species % Sorption

Sodium nitrate 78%
Cobalt (IT) acetate 98%
Sodium phosphate 70%
Copper (II) chloride 84%
Nickel (II) chloride 70%
Manganese sulphate 75%
Magnesium chloride 100%
Iron (III) nitrate 100%
Sodium carbonate 95%

3. 10. Desorption Study

It is necessary to explore the removal efficiency of
loaded metal from the isatan based Amberlite XAD resin
to make certain their long term use for repeated removal-
recovery cycles. The regeneration of the modified resin can
be used as an indicator to find its potential capability for
commercial application.

The metal ions sorption capacity as well as mechani-
cal stability of the modified Amberlite XAD resin was de-
termined by the three consecutive cycles of sorption-de-
sorption experiments. 0.1M HNO;, 0.1 M NaOH and
0.1M HCI solutions were used as desorbing agent.

The 0.1 M NaOH was found to be effective eluent to
desorbed Cr(VTI) from resin. The total % sorption efficien-
cy was decreased 25% for at least three cycles. It is revealed
from the obtained result that our modified resin has signif-
icant potential to sorbed Cr(VI) species from water after
recycling for three times.

3.11. Applications of Developed Method

The developed methodology was applied for Cr(VI)
removal from well water, RO plant, ground and tap water
samples by spiking known concentration of Cr(VI) ions
through batch technique using optimized conditions. The
% sorption was found to be quantitative as shown in Ta-
ble 6.
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Table 6. Cr(VI) removal from water samples

% Sorption % Sorption

Sample (spiked amount 10 ug) (spiked amount 20 ug)
Ground water 95% 95%
RO plant 96% 96%
Well water 5% 95%
Tap water 94% 94%

4. Comparison with Other Sorbents

The modified resin were compared with the reported
sorbent used for the removal of Cr (VI) species. First of all,
the synthetic methodology is very simple and environmental
benign. On the other hand, it is clearly seen that the our mod-
ified resin have higher surface area with more available bind-
ing sites which are capable to remove toxic Cr (VI) ions effi-
ciently. The experimental values also revealed that our
modified resin has more sorption capacity with the previous-
ly reported resins. The comparison is summarized in Table 7.

Sorption

Sorbent Capacity Ref
ug/g

Isatin Functionalized 7.16 This work(Based on
XAD-2 Resin Freundlich isotherm)
Modified Silica MCM-41 - 35
Imidazole-4,5-dicarboxylic 112 36
acid Modified XAD ’
Xanthine Functionalized 113 37
XAD Resin ’
6-Marcaptopurinyl azo
XAD Resin 1.06 38
Shellac Modified XAD 0.017 39

5. Conclusion

Isatin based Amberlite XAD-2 was successfully syn-
thesized by green synthesis and sorption capacity of modi-
fied resin was examined on highly toxic Cr(VI) removal
from water. The Freundlich and D-R models gave better fit to
the isotherm data than Langmuir model. The evaluation of
kinetic data indicated pseudo-first-order kinetics followed
by sorption process. Among thermodynamic parameters,
negative enthalpy change indicating that the sorption pro-
cess is exothermic in nature whereas negative entropy change
showed that randomness of Cr(VI) reduces as it passed from
solution to sorbed state. The validity of the proposed method
was checked in spiked real water samples. Furthermore the
synthesized resin can be reused for three cycles.
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Amberlit XAD-2 smo funkcionalizirali z izatinom preko -C=N- ro¢ic z uporabo okolju prijaznega postopka. Tako
pripravljenemu nosilcu smo dolo¢ili adsorpcijsko kapaciteto toksi¢nih Cr (VI) ionov s pomocjo spektrofotometra. Opti-
mizirali smo pH vrednost, volumen, koli¢ino adsorbenta, za¢etno koncentracijo Cr (VI) ionov in ¢as mes$anja. Izkazalo se
je, da adsorpcijske podatke bolje opisemo z Freundlichovo in Dubinin- Radushkevichovo kot pa z Langmuirjevo izoter-
mo. Ovrednoteni so bili termodinamski parametri, kineti¢ni podatki so pokazali, da hitrost adsorpcije lahko opiSemo z
modelom pseudo-prvega reda. Maksimalni izkoristek je bil dosezen pri 10 ml v 0.1 M NaOH. Ustreznost metode smo
preverili z metodo standardnega dodatka. Rezultati so pokazali, da lahko z razvito metodo u¢inkovito odstranjujemo Cr

(V1) ione iz vode in lahko adsorbent uporabimo vsaj trikrat.
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