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Different industries generate huge amounts of chromium, both in solid and liquid form which leached out
and find their way to the aquifers. Here we report the removal of Cr(VI) by the silver impregnated acti-
vated carbon developed from agricultural waste material at pH 3 from drinking water. Result revealed that
adsorption of chromium(VI) on silver impregnated groundnut husk carbon was endothermic in nature.
Thermodynamic parameters such as the entropy change, enthalpy change and Gibbs free energy change
were found to be 1.68 k] mol~! K-, 0.46 k] mol~! and —4.38 k] mol~!, respectively. The measured adsorp-

iil};‘gfgg;t tion kinetics is well described by a pseudo first-order kinetic model. The effect of flow rate, column depth
Thermodynamics and initial concentration of chromium(VI) on the removal of chromium by the impregnated adsorbent is
Kinetics presented. Scanning Electron Microscope (SEM), Electron Dispersive X-ray Analysis (EDX) and FTIR anal-

ysis show that the silver is impregnated on the surface. Shifts in the FTIR spectra suggest that dichromate
binding occurs with silver and other functional groups and that silver treated groundnut husk carbon
removes chromium. The 96 h static acute toxicity test was conducted to ensure the safe disposal of the
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used adsorbent.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Industrial and mining wastewaters are important sources of pol-
lution of heavy metals [1]. Chromium is used widespreadly and it
engendered a serious pollutant of water [2]. The use of chromate
and dichromate in metal plating and as corrosion control agents
in cooling waters is quite extensive. It is well-known that Cr(VI)
is toxic to living systems and must be removed from wastewater
before it can be discharged [3]. Chromium-plating processes are the
main source of Cr(VI) pollution. Cr(VI) is a skin and mucous mem-
brane irritant and some of these hexavalent compounds produce an
allergic contact dermatitis characterized by eczema [4,5]; it is also
recognized as a pulmonary carcinogen [4,6]. The maximum con-
centration limit for Cr(VI) for discharge into inland surface waters
is 0.1 mg/L and in potable water is 0.05 mg/L [7].

The remediation of Cr(VI) contaminated industrial samples is
gaining great interest due to limitations in potable water supplies.
The main strategies for Cr(VI) removal from wastewaters are pre-
cipitation as Cr(OH)3 [8] and ion exchange [9]. In addition, there
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are other options such as membrane filtration [10] and reduction
[11,12], electrochemical precipitation [13], ion exchange [14], ultra
filtration [15] and reverse osmosis [16].

Among the naturally available products, herbs, geochemi-
cals/minerals as well as industrial/domestic by products, some have
been found to contain considerable potential for purification and
disinfection of water [17]. A variety of natural adsorbent, indige-
nous minerals and synthetic adsorbents are known which can be
used to remove chromium from drinking water. As one of the
most promising techniques for removal of chromium from indus-
trial wastewaters, adsorption technology has been employed for
many years and the effectiveness of various adsorbents has been
demonstrated [18].

There are several adsorbents mentioned which can remove
chromium from drinking water, viz. hazelnut shell carbon [19],
coconut shell charcoal and commercial activated carbon modified
with oxidizing agents and/or chitosan [20], activated rice husk car-
bon and activated alumina for chromium [21], Rizopus nigricans
[22], chemically treated biomass of Ecklonia species [23], biolog-
ical wastes and vermiculite [24], chitosan coated acid treated oil
palm shell charcoal [25], Powder carbon [26], eucalyptus bark [27]
and synthetic adsorbents [28] have been reported in the literature.

Groundnut has enormous amount of agricultural waste. Prelim-
inary studies have shown that it is feasible to prepare chars with
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sufficient densities and high porosity from groundnut husk [29].
The exchange/sorption properties of groundnut husk are due to
presence of some functional groups such as carboxylic, hydroxyl,
etc., which have high affinity for metal ions [30]. The use of
groundnut husk with surface modification by silver impregnation
to improve its metal removal performance would add to its eco-
nomic value [31].

2. Materials and methods
2.1. Materials

Chemicals used in the study were of analytical grade (Merck,
Germany). Synthetic samples used in the study were prepared using
doubledistilled deionized water. All the glasswares and sample bot-
tles were soaked in hot water and rinsed with laboratory dish soap
(Lavolene) for at least 2 h and then rinsed with deionized water.
Hexavalent chromium Cr(VI) stock solution (1000 mg/L) was pre-
pared by dissolving potassium dichromate in de-ionized water and
stored in airtight polythene terphthalate (PET) bottles at a tempera-
ture less than 2 °C. Further working solutions were freshly prepared
from stock solution for each experimental run. Concentration of
Cr(VI) was measured by atomic absorption spectrophotometer.

2.2. Thermodynamics

In order to determine thermodynamic parameters, experi-
ments were carried out at different temperatures in the range of
303-323K for Cr(VI) adsorption. The thermodynamic parameters
such as standard Gibb’s free energy change (AG°), enthalpy change
(AH°) and entropy change (AS°) were estimated to evaluate the
feasibility and nature of the adsorption process. The Gibb’s free
energy change, of the process is related to equilibrium constant
by the equation

AG® = —RT InK; 1)

where T is temperature in K, R is ideal gas constant having value as
8.314] mol~1 K- and K, is thermodynamic equilibrium constant.
The thermodynamic equilibrium constant, was determined as

_G
-

where G, is mg of adsorbent adsorbed per liter and Ce is the equi-
librium concentration of solution, mg/L.

According to thermodynamics, the Gibb’s free energy change is
also related to the enthalpy change (AH°)and entropy change (AS°)
at constant temperature by the following equation,

K (2)

AG® = AH® — TAS® (3)
Now using Eqgs. (3) and (1) can be transformed to Eq. (4)
AS°  AH°
InKe = — = &= (4)

The values of enthalpy change (AH°) and entropy change (AS°)
were calculated from the slope and intercept of the plot of In K.
versus, 1/T (R2=0.94).

Silver impregnated groundnut husk carbon used for the removal
of hexavalent chromium was prepared in the laboratory. The details
of the adsorbent preparation and comparison of chromium removal
efficiency with other adsorbents have been discussed elsewhere
[31]. Adsorption studies in the temperature range 303-323 K were
conducted to determine thermodynamics constants such as Gibbs
free energy change (AG°), enthalpy change (AH°) and entropy
change (AS°) for the system and to ascertain the sorption mech-
anism. For this study, measured adsorbents were used for removal

of chromium Cr(VI) in a conical flask and allowed to equilibrate for
optimum time period at the different temperatures ranging from
303K to 323 K. Residual chromium concentrations determined in
each sample after equilibrium was attained.

2.3. Kinetic studies

A number of stoppered flasks (100 mL) containing different con-
centrated solution of chromium(VI) was agitated by on shaker.
The solution was separated from conical flasks at intervals of
time and analyzed for the uptake of chromium(VI). The kinetics
of chromium(VI) adsorption on adsorbents were analyzed using
pseudo first-order and pseudo second-order kinetic models. A rel-
atively high R? value indicates that the model successfully describes
the kinetics of Cr(VI) adsorption.

2.3.1. First-order rate kinetics
It is generally expressed as follows
dqr

¢ = kilde—ac) )

where ge and g; are the adsorption capacities at equilibrium and at
time t, respectively (mg/g), k; is the rate constant of pseudo first-
order adsorption (min~1).

After integration and applying boundary conditionst=0and t=t
and g;=0 and q; = q. the integrated form of Eq. (5) becomes:

log(ge — 1) = 108(de) ~ 5 b= (1) (6)

2.3.2. Second-order rate kinetics

The pseudo second-order adsorption kinetic rate equation is
expressed as:
dqr

¢ = kelde —ac)’ )

where k; is the rate constant of pseudo second-order adsorption
(gmg~ ! min1).

For the boundary conditions t=0 and t=t and q;=0 and q:=¢ge
the integrated form of Eq. (7) becomes:

Qel—Qr - qle—’_th (®)
which is the integrated rate law for pseudo second-order reaction.
Eq. (8) can be rearranged to obtain (9), which has a linear form:

t 1 1
a k2q2 " Ge

(t) (9)

2.4. Column adsorption studies

Adsorbent is packed in a column reactor and almost no flow or
movement of adsorbent is taking place inside the column. Fixed bed
adsorption studies were conducted to evaluate dynamic behavior
for Cr(VI) removal on adsorbents. The experimental set-up con-
sisted of glass column (3.0cm ID, 30.0cm length) packed with
different bed heights of adsorbent. Sample feed flow rate was var-
ied and maintained throughout the experiments. At the exit of the
column, flow rate was also measured so as to get steady state flow
conditions in the column. Experiments were conducted at optimum
pH 3, determined from batch experiments [31].

Effect of inlet feed flow rate, initial adsorbate concentration
(10-30mg/L) and adsorbent bed height (1.5-5.0 cm) were inves-
tigated on the performance of breakthrough for the adsorption of
Cr(VI).
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2.5. Characterization of the products

Chemical characterization of product and spent adsorbent
explored to understand the mechanism of the process involved
application of Scanning electron microscopy (SEM), Energy dis-
persive X-ray analysis (EDX) and Fourier transformed infra-red
spectroscopy (FTIR).

Surface morphology of the adsorbents was visualized on
SEM (model LEO 440, LEO Electron Microscopy Ltd, Cambridge,
England). EDX analysis is used for identifying the elemental com-
position of a specimen. EDX (model 7060, Oxford Instruments, UK)
analysis system works as an integrated feature of a SEM and cannot
operate on its own without the latter.

The presence of functional groups in the adsorbents was
confirmed by FTIR analysis. FTIR spectra of native and chromium-
loaded adsorbents were recorded on PerkinElmer-RX1 and FTIR
8201 Shimadzu spectrometers. The spectra of adsorbents were
measured within the range of 500-4000 cm~! wave number. The
spectra were plotted using the same scale on the transmittance axis
for adsorbent before and after adsorption of chromium were used
to determine the vibrational frequency changes in the functional
groups of adsorbent. The spectra display a number of absorption
peaks, indicating the complex nature of the examined adsorbent,
and the binding of chromium with functional groups present in the
adsorbent.

2.6. Safety evaluation of the adsorbents by ecotoxicological
assessment

Adult freshwater teleosts Poecilia reticulata (guppy fish) were
procured locally and acclimatized under standard laboratory con-
ditions. For safety evaluation of the adsorbents a limit test was
performed. The 96 h static acute toxicity test was conducted [32].
Each glass aquaria containing 12 fish were exposed to 0.1 g/L of
adsorbents used. Experiment on control group of fish was con-
ducted in parallel. The fish were not fed 24 h before and during the
tests. Precautions were taken to remove the dead fish and debris
from the aquaria immediately.

The physicochemical properties of the tap water used in
the experiment were temperature (22.4+ 1.6°C), pH (7.2 £0.02),
dissolved oxygen (6.8 +0.4mg/L), alkalinity (95 + 100 mg/L) and
hardness (118 + 12.2 mg/L as calcium carbonate).

3. Results and discussion
3.1. Thermodynamics

The value of K. for AdSG was 5.69 at temperature 303 K. The
corresponding AG° value was —4.4 k] mol~!. The values of standard
enthalpy change (AH°) and standard entropy change (AS°) were
found out to be as 0.46kJmol~! and 1.68] mol~! K~! respectively
(Table 1).

A positive value of AH° as 0.46 k] mol~! for chromium removal
with AdSG indicated the endothermic nature of the process. A nega-
tive value of the free energy of AdSG (AG°) (—4.4k] mol~! at 303 K),
indicated spontaneous nature of the adsorption process. It was also
noted that the change in free energy, increases with increase in
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Fig. 1. Pseudo first-order kinetic parameters for the adsorption of chromium(VI) on
AdSG.

Table 2
Pseudo first-order kinetic parameters for the adsorption of Cr(VI) on AdSG.
Cr(VI) Concentration (mg/L) ki (min~!)  ge (equation)  ge (plot)  R?

5 —0.0094 1.15 1.04 0.339
10 —0.2372 2.76 3.13 0.969
15 —0.2948 3.61 4.38 0.973
20 —0.2165 4.76 4.29 0.702
25 0.2303 5.41 3.33 0.522
30 —0.3339 6.62 6.90 0.901
35 —0.3616 7.15 7.28 0.905
40 —0.5665 7.98 1.81 0.408
45 —0.3731 8.54 6.95 0.897
50 —0.5021 11.4 11.83 0.968

temperature, which exhibits an increase in adsorption with rise in
temperature. This could be possibly because of activation of more
sites on the surface of AdSG with increase in temperature. A positive
value of AS° as 1.68]mol~! K- for AdSG showed increased ran-
domness at solid solution interface during the adsorption of Cr(VI)
on adsorbents.

3.2. Kinetic study

Adsorption kinetic study describes the solute on the activated
carbons, i.e. the adsorption mechanism was analyzed using pseudo
first-order [33] and pseudo second-order [34] kinetic models.

3.2.1. First-order rate kinetics

First-order equation of Lagergren did not apply throughout the
complete range of contact time. Plots of log(ge — q:) versus time
for AdSG deviated considerably from the experimental data after a
short period (Fig. 1). The slopes and intercepts as calculated from
the plots were used to determine k; (first-order rate constant)
and ge (equilibrium capacity). The ge values for AdSG as calcu-
lated from the first-order rate equation are approximately equal
to the experimental values of k; and ge together with their regres-
sion coefficients (Table 2). Therefore, it can be concluded that in
case of AdSG chromium-adsorbent systems, follow a first-order
rate equation.

Table 1

Thermodynamic parameters of AdSG.

R (kJmol 'K 1) T (K) K. AG (kJmol~1) AH (kjmol-1) AS (Kjmol 1 K1) R?
83x103 303 5.69 —4.38 0.46 1.68 0.99
83x103 313 5.99 —4.66

83x103 323 6.39 —4.97
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Fig. 2. Pseudo second-order kinetic parameters for the adsorption of chromium(VI)
on AdSG.

3.2.2. Second-order rate kinetics

The plot of (t/ge) and t of Eq. (8) should give a linear relationship
from which ge and k; can be determined from the slope and inter-
cept of the plot, respectively (Fig. 2). The correlation coefficients
(R2) for the linear plots are not superior in the case of AdSG. The
values of ge and k, are presented in Table 3.

3.3. Column adsorption studies

Fixed bed column adsorption experiments were carried out to
study the adsorption dynamics. Experimental data of batch studies
are difficult to apply directly to column adsorber because isotherms
are unable to give accurate data for scale up since a flow col-
umn is not at equilibrium. This operation allows more efficient
utilization of the adsorptive capacity than the batch experiment
results. The adsorbent is contacted continuously by the solution
at the initial solute concentration. All the fixed bed column experi-
ments were carried out at optimum adsorbent bed height, flow rate,
initial chromium concentration and pH 3 having Cr(VI) concentra-
tion as 10 mg/L. Flow rate of the sample through the column was
maintained at 4 mL/min. Breakthrough volumes obtained at bed
heights of 1.5cm, 3.0cm and 5 cm for sample having Cr(VI) con-
centration as 10 mg/L and pH 3 were found out to be 7.40 x 103 mL,
9.80 x 103 mL and 1.12 x 104 mL for AdSG respectively. The total
chromium adsorbed in the column for a given feed concentration
is equal to the area under the breakthrough curve. Breakthrough
curve steepness was a strong function of column parameters.

3.3.1. Effect of column height

Chromium solution was passed through the fixed bed col-
umn having Cr(VI) concentration as 10 mg/L with pH 3 (without
changing the pH). The performance of breakthrough curves at
a bed height of 1.5cm, 3.0cm and 5.0cm for AdSG (Fig. 3). It

Table 3
Pseudo second-order kinetic parameters for the adsorption of chromium(VI) on
AdSG.

Cr(VI) Conc. (mg/L) ky (gmg ' min~!) ge (equation) ge (plot) R?

5 4.09 1.15 0.26 0.457
10 —0.01 2.76 —3.65 0.023
15 -0.01 3.61 —0.55 0.012
20 0.09 4.76 1.03 0.251
25 0.05 5.41 1.61 0.461
30 0.02 6.62 2.04 0.683
35 0.02 715 2.42 0.764
40 0.01 7.98 4.85 0.798
45 0.01 8.54 5.52 0.856
50 0.01 114 15.15 0.951
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Fig. 3. Effect of bed height in column study for AdSG.

is evident from these curves that an increase in column depth
increases throughout the volume treated due to higher contact
time. At relatively lower contact time, the curve was steeper for
both the samples showing the faster exhaustion of the bed. For
Cr(VI) removal the treated volume varied from 7.40 x 103 mL to
1.12 x 10* mL for AdSG as the bed height was increased from 1.5 cm
to 5.0 cm (Fig. 3). Increase in the metal uptake capacity with the
increase of bed height in the fixed bed column was probably due
to increased surface area of the adsorbent, which provide more
binding sites for the adsorption. The breakthrough time was also
increased with the increase of bed height (Table 4).

The varying degrees of chromium uptake efficiencies observed
for the same quantity of adsorbents packed in different
length/diameter patterns and operated under identical condi-
tions could be explained as follows. When chromium solution is
passed through bed of adsorbent, most of the adsorbate is initially
adsorbed at the inlet part of the bed, building up of a saturated
zone. As more liquid is passed the saturated zone moves forward
until the breakthrough is reached. The adsorption capacities of the
columns with three different bed heights were in order of 1015.5
(longer bed), 532.5 (medium bed depth) and 365.1 (shorter bed
depth) in case of AdSG (Table 4).

3.3.2. Effect of flow rate

The effect of flow rate on breakthrough performance, at a bed
height of 1.5 cm was shown. As can be seen from the breakthrough
plots, higher efficiency of the process for AdSG at lower flow
rate (Fig. 4). These breakthrough curves demonstrate influence of

g7 mL/min 4 mL/min === mL/min
12
10 - AdSG
e '!l'
A
8 A
—~ t‘l
A
% 6 - WA _-'!'
= Ia l'.l. Gd
SRS PVl o O
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A L] &
2 4 ‘Allll.“ o
L
0 r"!o.”'°°'..
0 200 5()()I 800 1100 1600 . 2400 3900 5400
Time (min)

Fig. 4. Effect of flow rate in column study for AdSG.
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Table 4
At different column depth for AdSG.

Column diameter (cm) Column height (cm) Time to attain equilibrium (min)

Effluent volume (mL) Total adsorption (mg/bed) Maximum uptake (mg/g)

1.65 5.0 2800
2.20 3.0 2450
3.00 1.5 1900

adsorption kinetics. The flow rate was varied from 2 mL/min to
6 mL/min while the inlet Cr(VI) concentration was kept constant at
10 mg/L at pH 3. The uptake of chromium decreased with increase in
flow rate. It was also observed that adsorbents get saturated easily
at higher flow rates. As volumetric flow rate increases, the velocity
through bed decreases, which results in decrease in the length of
adsorption zone. At higher flow rates breakthrough curves become
steeper with decrease in breakpoint time and the adsorbed ion con-
centration decreases. A higher chromium uptake was observed at
the beginning of fixed bed column operation but as solution contin-
ued to flow, the concentration of chromium in the sample rapidly
increased. The bed becomes saturated with chromium and solute
concentration in the sample rise sharply.

Anincrease in flow rate from 2 mL/min to 6 mL/min reduced the
volume of sample treated from 1.60 x 10* mL to 4.75 x 10° mL for
Cr(VI) removal for AdSG. As Cr(VI) ions move from bulk solution
to the surface of film surrounding the adsorbent particle. Concen-
tration gradient was developed at the interface, which allows the
solute particles to penetrate through the film, and reach the surface
of particles where the positively active sites attract the negatively
charged dichromate ions. At higher flow rates, film surrounding
the particle breaks, thereby reducing the adhesion of adsorbate to
adsorbent particle. As can be seen from chromium uptake of AdSG
decreased with increase in flow rate (Fig. 4). The breakthrough
capacity of adsorbents decreased with increase in flow rate. As
the flow rate through the bed decreased, the depth of adsorption
zone decreased because of more time for adsorption. The adsorp-
tion capacity of the bed column decreased with increasing flow
rate of the adsorbate solution. The maximum adsorption efficiency
achieved was 1632 mg Cr/adsorbent bed of AdSG, at the lowest flow
rate of 2 mL/min (Table 5).

At higher flow rates, the retention period of Cr(VI) ions in
the adsorption column was too short and the metal ions did
not have sufficient time to diffuse into the metal binding sites
of the porous beds. However, at lower flow rates (i.e., higher
retention period), the diffusion of Cr ions to the active adsorbing
sites is more efficient and permitted more effective mass trans-
fer rates under such conditions. The total uptake capacities at low
(2 mL/min), medium (4 mL/min) and high (6 mL/min) flow rates of
the feed solution were in the order 544.0>365.1>256.6 in case
of AdSG (Table 5). Depending on differences in flow rates and
retention time, the breakpoint time also exhibited variations. Col-
umn experiments at highest flow rate attained breakthrough more
quickly (792 min) than that at moderate (1850 min) and lowest
flow rates (8000 min) for AdSG. Therefore, the volume of sam-
ple that can be treated is a function of both the concentrations of
metal contaminant present in sample as well as hydraulic retention
time.

Table 5
Influence of flow rate on Cr(VI) uptake for AdSG.

11200 3046.4 1015.5
9800 1597.4 532.5
7400 1095.2 365.1
=+—Cr(VI]) conc 10 mg/L B Cr(V1) conc 20 mg/L
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£
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Fig. 5. Effect of inlet concentration in column study by AdSG.

3.3.3. Effect of initial chromium concentration

Effect of initial chromium concentration on the performance of
breakthrough curve was observed. Breakthrough volume obtained
at bed height of 1.5cm, samples having flow rate as 4 mL/min
through the bed and having Cr(VI) concentration as 10 mg/L Cr(VI)
for AdSG at pH 3 was 7.40 x 103 mL (Fig. 5). A change in the
inlet adsorbate concentration affected the operating characteris-
tics of the fixed bed column. At low initial concentration, delayed
breakthrough occurred and the treated volume was higher since
the lower concentration gradient caused a slower transport due
to decreased mass transfer coefficient [35]. This could be due to
increase in number of binding sites. The adsorbent gets saturated
early at high initial concentration because binding sites become
more quickly saturated in the system. These results indicated that
increase in chromium concentration reduced the metal to adsor-
bent ratio, and the metal uptake as long as the adsorbent was
not saturated. Initial adsorbate concentration affected the perfor-
mance of fixed bed for adsorption of chromium (Fig. 5). Breakpoint
time decreased with increasing inlet Cr(VI) concentration as the
binding sites were saturated faster. These results showed that per-
formance of breakthrough curves for chromium removal by AdSG
was strongly affected by initial concentration and thus, affected the
treatment of samples.

The maximum uptake capacity of 150.67 mg/g for AdSG had
been attained for the feed solution of highest concentration
(Table 6). For all metal concentrations, the flow rate, bed depth and
column size were kept uniform in all experiments. The only variable
here is the number of Crions passing through the column when dif-
ferent concentrations of solutions were passed through the packed
bed. At higher inlet concentrations, the number of ions competing
for binding sites is more and causes greater resistance to the mass

Flow rate (mL/min) Time to attain equilibrium (min)

Effluent volume (mL)

Total adsorption (mg/bed) Maximum uptake (mg/g)

2 8000 16000
4 1850 7400
6 792 4752

1632 544.0
1095.2 365.1
769.8 256.6
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Table 6
At different inlet Cr(VI) concentration for AdSG.

Inlet Cr(VI) Concentration Time to attain equilibrium (min)

Effluent volume (mL)

Total adsorption (mg/bed) Maximum uptake (mg/g)

10 1850 7400
20 1300 5200
30 1000 4000

transfer of metal ions to the bed column. Therefore, the percentage
of adsorption decreases at higher concentration of feed solution.
The quantity of Cr(VI) ions removed by the packed bed column for
varying inlet concentrations was in order of 365.1(10 mg/L) < 239.2
(20mg/L)<150.7 (30 mg/L) for AdSG.

3.4. Characterizations and mechanism of chromium adsorption

Maximum Cr(VI) adsorption over AdSG is above 90% at initial pH
3.0. To determine the behavior of adsorbent towards adsorption of
Cr(VI), scanning electron microscopy (SEM), electron dispersive X-
ray (EDX) and Fourier transform infra red spectroscopy (FTIR) were
carried out on AdSG before and after chromium removal. The results
explained the mechanism for chromium uptake by AdSG at low pH.
SEM of AdSG adsorbent exhibited the fibrous nature of adsorbent
(AdSG) saturated with chromium. SEM of AdSG before and after
saturation with Cr(VI) showed no change in the structure of AdSG
(Figs. 6 and 7).

EDX study reveals that chromium ions were present in the
treated samples but not in the untreated one. It clearly indicates
the adsorption of chromium on the surface of the adsorbents
(Figs. 8 and 9). EDX analysis provides direct evidence that
chromium is superficially adsorbed on AdSG, thus the removal
may not be due to adsorption but simply surface precipitation.
Thus, this analysis provides the direct evidence for the spe-
cific adsorption of chromium on the surface of above-mentioned
adsorbents.

FTIR of AdSG before and after saturation with Cr(VI) was car-
ried out to identify the functional group effective for adsorption.
IR wavelength used in this study was in the range of 2.5-15 um.
Functional groups involved in the removal of chromium were iden-
tified by analysis of IR spectrum of AdSG before and after saturation
with Cr(VI) (Figs. 10 and 11). The FTIR bands observed at wave
numbers 2933.6cm~1,2134.9cm~1, 1757.8 cm~!, 1658.3 cm~! and
718.6cm~! with fresh adsorbents were found missing with AdSG
saturated with Cr(VI) ions. These results indicated that these bonds

Fig. 6. Scanning electron microscope of AdSG.
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Fig. 7. Electron dispersive X-ray analysis of AdSG.

were involved with adsorption of Cr ions. In case of AdSG, the
bond involved in adsorption at the wave numbers 2933.6cm™! is
a broad peak showing the presence of carboxylic group. Where as
the bonds found missing at wave number 2134.9cm~!, 1757.8 cm™!
and 1658.3 cm~! shows presence of symmetrical alkyne, a ketonic
group specially anhydride and unsymmetrical alkenes as well
as amide (—CONH,) bonds, respectively. The band missing at
718.6cm~! shows NH, and N—H bonds which shifted on H-
bonding. At low pH (pH < 3) all the chromium complexes exist as
negatively charged dichromate ions (HCr,0- ™). Further, the con-
centration of hydronium ion is large at low pH. Due to electromeric
effect, the sites become positively charged and the number of sites

-

-

Fig. 8. Scanning electron microscope of AdSG +chromium.
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Table 7

Test observations.

Treatment No. of fish Average body weight (g) % Variation in body weight Mortality
Initial

Control 12 0.4 Nil 0/12

Exposed (0.1 g/L) 12 0.5 Nil 0/12

Fig. 9. EDX analysis of AdSG +chromium.

increases, thereby attracting negatively charged dichromate ions.
This phenomenon results into high and selective removal of Cr(VI)
at low pH. Removal of toxic hexavalent form of chromium from
solutions was possible using selected adsorbents.

Moreover, the peak intensity of the carbonyl group was greatly
decreased and shifted from 1853.3 cm~! to 1813.3 cm~. Therefore,
it can be suggested that the carbonyl and hydroxy groups from the

Fig. 10. FTIR analysis of AdSG.

Fig. 11. FTIR analysis of AdSG.

structures of AdSG adsorbent may be involved in the mechanism
of chromium adsorption.

3.5. Safety evaluation of adsorbent by ecotoxicological
assessment

Bioassay test were conducted for the safety evaluation of these
adsorbents using standard test fish Poecelia reticulata (guppy) as per
guidelines [32]. Acclimatized guppy fish (10 days) was exposed to
the treated adsorbent AdSG for the period of 96 h in glass aquaria
under the static laboratory conditions. It is noticed that there is
no loss of positive rheotaxis and behavior of fish during the expo-
sure. Survival of test fish was recorded 100% after 96 (Table 7). This
adsorbent is safe for the aquatic ecosystem in particular and total
environment, in general along with human health.

There was no mortality recorded in fish exposed to test material
and variation in body weight was observed in exposed fish, and
the test material is non-toxic to fish. Therefore it is concluded that
adsorbents screened are suitable for the removal of chromium(VI)
from water.
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