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a b s t r a c t

The adsorption of Cr(VI) was studied in batch system using fruits of Ficus glomerata as adsorbent. The effect
of temperature, pH, initial Cr(VI) concentration and time was investigated. Scanning electron microscopy
(SEM) and Fourier transform infrared spectroscopy (FTIR) was used to investigate surface morphology and
active functional groups present on the adsorbent surface. Thermodynamic parameters like free energy
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change (�G0), enthalpy (�H0) and entropy (�S0) indicate the spontaneous, endothermic and increased
randomness nature of Cr(VI) adsorption. Equilibrium data were fitted well with Langmuir isotherm at
50 ◦C. The magnitude of mean free energy indicates chemical nature of adsorption. The breakthrough and
exhaustive capacities were found to be 5 and 23.1 mg g−1 respectively. The applicability of the adsorbent
has been demonstrated by removing Cr(VI) from electroplating wastewater.
reakthrough capacity
lectroplating waste

. Introduction

Heavy metals in a water system are hazardous to the environ-
ent and humans due to the bio-accumulation through the food

hain and persistence in nature. Among all heavy metals, copper
hromium and zinc ingestion beyond permissible quantities causes
arious chronic disorders [1]. Chromium and its compounds are
enerally released from electroplating, leather tanning, cement,
yeing, fertilizer, photography, paint and pigments, textile, steel
abrication, and canning industries.

Cr(III) and Cr(VI) are two stable oxidation states of chromium
hat persist in the environment [2]. The trivalent chromium is
ssential in human nutrition especially in glucose metabolism
hile most of the hexavalent compounds of chromium are toxic

o animals, humans and bacteria and are known to be carcinogenic
3,4]. The maximum concentration limit of hexavalent chromium
or discharge into inland surface waters is 0.1 mg L−1 and in potable
ater it is 0.05 mg L−1[5].

Many technologies adopted for the removal of chromium from
ndustrial wastewaters include precipitation, membrane filtration,
olvent extraction with amines; ion-exchange, activated carbon

dsorption, electro-deposition, and various biological processes
6–11]. Most of these methods suffer set-backs because of high
apital and operational cost and lack of skilled personnel problem.
dsorption process has been extensively used for the removal of
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toxic metals. Recently various low-cost adsorbents such as agricul-
ture wastes and activated carbon prepared from agriculture wastes
have been used for the removal of toxic metals from aquatic envi-
ronment [12–16], where as lichen (Parmilina tiliaceae) [17], banana
peel [18], tamarind seeds [19], pomegranate husk carbon [20], sun-
flower (Helianthus annuus) stem [21], rice straw [22], Ficus religiosa
leaf powder [23], spent activated clay [24], have been used for the
removal Cr(VI) from water and wastewater.

In present study fruits of Ficus glomerata have been used as a
new low-cost adsorbent for the removal of Cr(VI) from wastewater.
Ficus tree (F. glomerata) belongs to Moraceae family. It is 30–50 ft
high and found in northern parts of India. This tree has auspicious
position and forms a major part of worship religious festivals. The
Ficus fruit is 2 in. in diameter. Fruits are green in colour when unripe
and are found in groups. The fruition period is from March to June.
The tree has various applications in Ayurveda medicines as astrin-
gent, antidiuretic and leucorrhea and menstrual disorders. Fruit of
Ficus are used to treat anemia and gastrointestinal disorders [25].
The effect of various parameters such as pH, contact time, adsorbent
amount and initial Cr(VI) concentration were studied and discussed
in detail in the following sections.

2. Materials and methods
2.1. Adsorbent

Fruits of Ficus were collected locally and dried, crushed and
washed several times with double distilled water till the water
was clear of all coloration and finally dried in an air oven at

dx.doi.org/10.1016/j.jhazmat.2010.05.025
http://www.sciencedirect.com/science/journal/03043894
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00–105 ◦C for 24 h. After drying the adsorbent was sieved through
50–300 �m size and used as such.

.2. Adsorbate solution

Stock solution of Cr(VI) was prepared (1000 mg L−1) by dissolv-
ng the desired quantity of potassium dichromate (AR grade) in
ouble distilled water (DDW).

.3. Determination of point of zero charge (pHPZC)

The zero surface charge characteristics of the F. glomerata fruits
ere determined by using the solid addition method [26]. 40 mL of

.1 M KNO3 solution was transferred to a series of 100 mL conical
asks. The initial pH (pH0) of the solutions was roughly adjusted
etween 2 and 8 by adding either 0.1 M HCl or 0.1 M NaOH. The
otal volume of the solution in each flask was adjusted exactly to
0 mL by adding KNO3 of the same strength. Initial pH (pH0) of
he solutions was then accurately noted with the help of pH meter.
.5 g of adsorbent was then added to each flask and allowed to
quilibrate for 24 h with intermittent manual shaking. The final pH
pHf) of the supernatant liquid was noted. The difference between
he initial pH (pH0) and final pH (pHf) values (�pH = pH0 − pHf)
ere plotted against pH0. The point of intersection of the resulting

urve with abscissa, at which �pH 0, gave the pHPZC. The same
rocedure was repeated using 0.001 M and 0.01 M KNO3 solutions.

.4. Adsorption studies

Adsorption studies were carried out by batch process. 0.5 g
dsorbent was placed in a conical flask, 50 mL solution of metal ions
f desired concentration was added and the mixture was shaken in
haker incubator for 24 h. The mixture was then filtered by What-
an filter paper No. 41 and final concentration of metal ions was

etermined in the filtrate by atomic absorption spectrometry (AAS)
Model GBC 902, Australia). The amount of metal ions adsorbed
as calculated by subtracting the final concentration from initial

oncentration [27].

.5. Effect of pH

The effect of pH on the adsorption of Cr(VI) was studied as fol-
ows. 100 mL of Cr(VI) solution was taken in a series of beakers. The
esired pH of solution was adjusted in each beaker by adding 0.1 M
Cl or NaOH solution. The concentration of Cr(VI) in this solution
as then determined (initial concentration). 50 mL of this solu-

ion was taken in a series of conical flasks and treated with 0.5 g
f adsorbent for 24 h in shaker incubator. The mixture was then fil-
ered and final concentration of Cr(VI) in filtrate was determined as
escribed above. To study the effect of ionic strength Cr(VI) solution
50 mg L−1)was prepared in 0.01 and 0.1 M KNO3 solutions. The pH
f these solutions was adjusted in between 2 and 9 as described
bove.

.6. Effect of time

A series of 250 mL conical flasks, each having 0.5 g adsorbent and
0 mL solution of known Cr(VI) concentration (10, 20, 40, 50, 80 and

00 mg L−1) were shaken in a shaker incubator and at the prede-
ermined intervals, the solution of the specified flask was taken out
nd filtered. The concentration of Cr(VI) in the filtrate was deter-
ined by AAS and the amount of Cr(VI) adsorbed in each case was

hen determined as described above.
ous Materials 181 (2010) 405–412

2.7. Effect of adsorbent dose

A series of 250 mL conical flasks, each containing 50 mL of Cr(VI)
solution of 50 mg L−1 concentration were treated at 30 ◦C with vary-
ing amount of adsorbent (0.1–1.0 g). The conical flasks were shaken
in a shaker incubator for 24 h. The solutions were then filtered and
amount of Cr(VI) adsorbed in each case was calculated as described
above. The same procedure was repeated at 40 and 50 ◦C.

2.8. Breakthrough capacity

0.5 g of adsorbent was taken in a glass column (0.6 cm inter-
nal diameter) with glass wool support. 1 L of Cr(VI) solution with
50 mg L−1 initial concentration (C0) was prepared. The pH of this
solution was adjusted to 2 and then passed through the column
with a flow rate of 1 mL min−1. The effluent was collected in 50 mL
fractions and the amount of Cr(VI) was determined in each fraction
(C) with the help of AAS. The breakthrough curve was obtained by
plotting C/C0 versus volume of the effluent.

2.9. Desorption of Cr(VI) by batch process

Attempts were made to desorb Cr(VI) by batch process. 0.5 g
adsorbent was treated with 50 mL of Cr(VI) solution (50 mg L−1).
The adsorbent was washed several times with distilled water to
remove excess of Cr(VI) ions. Adsorbent was then treated with
50 mL 0.1 M NaOH solution and after 24 h the amount of Cr(VI) des-
orbed was determined. The experiment was repeated several times
to check the reproducibility.

2.10. Analysis of electroplating wastewater

Electroplating wastewater was collected from one of the lock
factory in Aligarh city. The pH of the wastewater was 5.6 at the time
of sample collection. Analysis of heavy metals ions in electroplating
wastewater was carried out by AAS. Total dissolved salts (TDS) were
determined by evaporating 100 mL wastewater in a china dish.

2.11. Treatment of electroplating wastewater by batch process

50 mL wastewater of initial pH 5.6 was taken in a conical flask
and then its pH was adjusted to 2 and then 0.5 g adsorbent was
added. The mixture was shaken and then kept for 24 h. It was fil-
tered and filtrate was analyzed for heavy metals by AAS.

2.12. Treatment of electroplating wastewater by column process

In another experiment, 50 mL electroplating wastewater was
taken in a beaker and its pH was adjusted to 2. It was passed
through the column containing 0.5 g adsorbent, with a flow rate
of 1 mL min−1. The effluent was collected in a beaker and then
analyzed for heavy metals by ASS.

3. Results and discussion

3.1. Characterization of adsorbent

Scanning electron microscopy (SEM) observations (Fig. 1a and b)
showed rough surface of the adsorbent that provides large surface
area for adsorption. However, adsorbent showed no change in its
morphology after Cr(VI) adsorption.
FTIR spectra of Ficus before and after Cr(VI) adsorptions are
shown in Fig. 2a and b respectively. The band at 2926 cm−1 is due
to C–H vibrations of aliphatic acid [28]. The two peaks at 1426 and
1630 cm−1 indicate the presence of COO and C O groups. A sig-
nificant shift of these peaks from 1630 to 1514 cm−1 and 1426 to
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Fig. 1. (a) SEM image of native adsorbent and (b) SEM image of adsorbent after
Cr(VI) adsorption.

Fig. 2. (a) FTIR of native adsorbent and (b) FTIR of adsorbent after Cr(VI) adsorption.
Fig. 3. Effect of contact time and initial concentration.

1398 cm−1 occurs perhaps due to the fact that carboxylic groups
are protonated on unionized at pH 2 and make surface positively
charged which is responsible for the adsorption of Cr(VI) at pH 2
The band at 1060 cm−1 is due to stretching vibration of C–OH group
of carboxylic acid [28]. The band at 1060 cm−1 is also shifted to
1058 cm−1 after Cr(VI) adsorption.

3.2. Effect of initial concentration, contact time and doses

The effect of contact time on the adsorption of Cr(VI) at dif-
ferent initial concentrations (10–100 mg L−1) is represented in
Fig. 3. These data were recorded at constant pH (pH 2). Adsorp-
tion increases rapidly at initial stage and then gradually reaches
towards equilibrium. The contact time needed for Cr(VI) solutions
with initial concentrations of 10 and 20 mg L−1 to reach equilib-
rium was found to be 1 and 2 min while solutions with initial Cr(VI)
concentrations of 50, 80 and 100 mg L−1 needed 4 min to attain
equilibrium. This is due to the fact that Cr(VI) ions are adsorbed
more quickly onto the surface at lower concentration but at higher
initial concentration, Cr(VI) ions diffuse into the inner sites of the
adsorbent which is a slow step. The amount of Cr(VI) adsorbed at
equilibrium increases with increase in initial concentration. This
is because of the increase in concentration gradient and driv-
ing force with increased concentration. The adsorption capacity
of Cr(VI) at equilibrium was found to be 0.63, 1.31, 3.5, 5.4 and
6.7 mg g−1 respectively at initial concentrations of 10, 20, 50, 80
and 100 mg L−1. The effect of adsorbent dose (0.2–1.0 g) indicates
increase in percentage adsorption from 74 to 98% and decrease in
adsorption density from 10 to 2.45 mg g−1 at pH 2 which may be
attributed to increased surface area of the adsorbent and availabil-
ity of more adsorption sites due to increased amount of adsorbent.

3.3. Effect of pH

The adsorption of Cr(IV) from 50 mg L−1 chromium solution at
various controlled pH values are represented in Fig. 4. Adsorption
increases from 10 to 96% when pH decreased from 10 to 2. The
increase in Cr(VI) removal with decrease in solution pH was also

observed on peat [30], fungal biomass [31] and bacterium biomass
[32]. At optimal acidic condition (pH 2), the dominant species of
Cr(VI) ions in solution are HCrO4

−, Cr2O7
2−, Cr3O10

2− and Cr4O13
2−

[33]. These anionic species could adsorb on protonated active sites
of the adsorbent, though at highly acidic pH (pH 1), Cr(VI) anions are
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Table 1
Langmuir and Freundlich isotherms parameters for the adsorption of Cr(VI).

Temperature (◦C) qm (mg g−1) b (L mg−1) r2 �2 RL Kf 1/n r2 �2

30 31.6 0.0145 0.998 3.4
40 14.43 0.0502 0.9914 0.6
50 46.73 0.0236 0.9998 0.1
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ig. 4. Effect of electrolyte concentration on the adsorption of Cr(VI) at different
Hs.

ikely to get reduced to Cr(III) ions which due to electrostatic repul-
ive forces, are poorly adsorbed [34]. At very low pH values, the
urface of the adsorbent is surrounded by hydronium ions which
nhance the Cr(VI) interaction with binding sites of adsorbent by
reater attractive forces [35]. Then, as the pH increases, there is
gradual reduction in the degree of protonation and therefore, %

dsorption decreases [36]. Adsorption of Cr(VI) at different pHs in
resence KNO3 (to maintain ionic strength) indicates that adsorp-
ion of Cr(VI) at pH 2 is not effected in presence of appreciable

mount of KNO3 (Fig. 4). The adsorption of Cr(VI) in aqueous solu-
ion, 0.01 M KNO3 and 0.1 M KNO3 is almost constant (96, 100 and
00% respectively) at pH 2. Fig. 5 shows effect of electrolyte concen-
ration on the surface charge of the adsorbent. The pHPZC is shifted

Fig. 5. Point of zero charge.
90 0.5797 0.0388 2.097 0.999 2.07
52 0.2849 1.0900 0.631 0.9991 4.30
68 0.4587 1.0400 0.959 0.9951 0.95

towards lower pH with increase in electrolyte concentration show-
ing specific adsorption of counter ions [37]. The pHPZC in DDW is
8.2 and shifted to 6.8 at higher concentration of electrolyte (KNO3).
It can be inferred from Fig. 5 that in neutral solution the surface
charge of the adsorbent is negative at pH < 8.2, neutral at pH 8.2
and positive at pH > 8.2 but in presence of 0.01 and 0.1 M KNO3, the
surface charge has shifted to 6.8 and hence appreciable amount of
Cr(VI) has been adsorbed (84%) in presence of 0.1 M KNO3 at pH ≤ 6
(Fig. 4).

3.4. Adsorption isotherms

The adsorption isotherm data were analyzed using Langmuir
and Freundlich isotherm equations [38].

The linear form of Langmuir isotherm is represented as

1
qe

= 1
qm

× 1
b

× 1
Ce

+ 1
qm

(1)

where qe is the amount of metal adsorbed per unit weight of adsor-
bent, qm is the maximum sorption capacity (mg g−1) determined
by the number of reactive surface sites in an ideal monolayer sys-
tem, Ce is the concentration of metal ions at equilibrium (mg L−1)
and b is related to bonding energy associated with pH dependent
equilibrium constant. Plots of 1/qe versus 1/Ce at 30, 40 and 50 ◦C
give straight lines (figure not shown) and values of b and qm were
calculated from the slope and intercept of the plots. The values of
b and qm at different temperatures are reported in Table 1. A chi-
square (�2) test was also applied to this model. The advantage of �2

test is that qe (cal) from the model and qe determined experimen-
tally (qe(exp)) can be compared on the same abscissa and ordinate
[39]. If data from model were similar to the experimental data, �2

would be small and vice versa. Values of �2 were calculated using
the following relation.

�2 =
∑ (qe(exp) − qe(cal))2

qe(cal)
(2)

The value of �2 is least at 50 ◦C (Table 1) and also the regression
coefficient (r2) is high (0.9998) showing that Langmuir isotherm is
best fitted at 50 ◦C.

The linear form of Freundlich isotherm can be represented as

log qe = log Kf + 1
n

log Ce (3)

where Kf is Freundlich constant and n is another constant that
informs about the heterogeneity degree of the surface sites. When
n approaches zero, the surface heterogeneity increases. Plots of
log qe versus log Ce give straight lines at 30,40 and 50 ◦C (figure
not shown) and values of n and Kf were calculated from the slope
and intercept of these plots (Table 1). The values of �2 at differ-
ent temperatures are also shown in Table 1. The least value of �2

and high correlation coefficient (r2) (0.9951) at 50 ◦C indicates that
Freundlich isotherm is also obeyed at 50 ◦C. When Langmuir and
Freundlich isotherms are compared at 50 ◦C, the �2 value for Lang-
muir isotherm is lower (0.168) than that obtained from Freundlich

isotherm (0.951) hence it can be concluded that both Langmuir and
Freundlich models are obeyed by the system at 50 ◦C but Langmuir
model is a better fit.

The essential characteristic of Langmuir isotherm can be
expressed in terms of dimensionless constant separation factor or
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quilibrium parameter RL, given by the following relation:

L = 1/1 + b × C0 (4)

here b is the Langmuir constant and C0 is the initial concentration
f Cr(VI) (mg L−1). RL value predicts the shape of the isotherm. If
L > 1 unfavorable, RL = 1 linear, 0 < RL < 1 favorable and RL = 0 for

rreversible adsorption [40]. The RL values at 30, 40 and 50 ◦C are
hown in Table 1. The values of RL in the range 0–1 at all these
emperatures show favorable adsorption of Cr(VI).

The Dubinin and Radushkevich isotherm [41] is based on the
eterogeneous nature of the adsorbent surface, was used to predict
he physical or chemical nature of the adsorption process. The D–R
quation may be given as

n qe = ln qm − ˇε2 (5)

here qe is the adsorption capacity (mol g−1) and qm is the max-
mum adsorption capacity (mol g−1), ˇ is the activity coefficient
onstant and ε is the polyanyi potential which is given as

= RT ln
(

1 + 1
Ce

)
(6)

here R is the gas constant (kJ mol−1) and T is the temperature in
elvin. Ce is the equilibrium concentration (mol L−1). The values of
m and ˇ can be obtained from the intercept and slope of the linear
lot of ln qe versus ε2 at different temperatures (figure not shown).
he mean free energy of adsorption E can be calculated from the
ollowing equation:

= 1√ − 2ˇ
(7)

The D–R parameters and mean free energy along with correla-
ion coefficients (r2) are given in Table 2. The values of E obtained
hich are in the energy range of chemical adsorption [42].

.5. Thermodynamic studies

The temperature range used in this study was 30–50 ◦C. The
quilibrium constants (Kc) at 30, 40 and 50 ◦C were calculated from
he following relation [43].

c = CAC

Ce
(8)

here CAC and Ce are the equilibrium concentrations (mg L−1) of
r(IV) on the adsorbent and in solution, respectively. Free energy
hange (�G0) can be calculated as

G0 = − RT ln Kc (9)

here T is the absolute temperature and R is gas constant. The
alue of enthalpy change (�H0) and entropy change (�S0) were
alculated from the following relation:

n Kc = �S0/R − �H0/R × 1/T (10)

S0 and �H0 were calculated from the slope and intercept of linear
lot of ln Kc versus 1/T (figure not shown). The values of Kc, �H0,
S0and �G0 are reported in Table 3. The positive value of �H0

ndicates endothermic process. The decrease in �G0 with increase
n temperature indicates that the process is spontaneous and spon-
aneity increases with increase in temperature. The positive value
f �S0 suggests increase randomness at the solid–liquid interface
uring adsorption.
.6. Adsorption kinetics

The rate constants for the adsorption of Cr(VI) were calculated
y using pseudo-first-order and pseudo-second-order equations.
Fig. 6. Pseudo-second-order kinetics.

The pseudo-first-order [44] and pseudo-second-order [45] equa-
tions are based on solution concentration. The pseudo-first-order
expression is given by equation.

log(qe − qt) = log qe − K1 × 1/2.303 × t (11)

where qe is the adsorption capacity (mg g−1) at equilibrium, qt is the
adsorption capacity at time (t) and K1 (min−1) is the pseudo-first-
order adsorption rate constant. Linear plots of log (qe–qt) versus
t were observed at different initial Cr(VI) concentrations (figure
not shown). The regression coefficients (r2) and rate constants at
various concentrations are reported in Table 4. The pseudo-second-
order adsorption kinetics rate equation [46] is given as

1/qt = 1/h + 1/qe × t/1 (12)

where h is the initial adsorption rate (mg g−1 min−1), which is given
as h = K2 × qe2.

K2 (g mg−1 min−1) is the rate constant for pseudo-second-order
reaction. The values of K2 were calculated from the slope of the
linear plots of t/qt versus t (Fig. 6). These values are reported in
Table 4. A comparison of the experimental adsorption capacities
(qe(exp)) and calculated values (qe(cal)) obtained from Eqs. (11)
and (12) show that pseudo-second order model obeyed better than
pseudo-second order.

3.7. Intra-particle diffusion

The Weber and Morris [47] intra-particle diffusion model can
be expressed as

qt = Kid × t1/2 + I (13)

where qt (mg g−1) is the amount of Cr(VI) adsorbed at time t, I
(mg g−1) is the intercept and Kid (mg g−1 min−1/2) is the intra-
particle diffusion rate constant. The Kid values obtained from the
slope of the curve of different initial Cr(VI) concentrations (Fig. 7)
are shown in Table 5. The r2 values (between 0.8842 and 0.9894)
suggest that adsorption of Cr(VI) can be followed by intra-particle
diffusion model. However, plots did not pass through the origin

(the intercept values are between 0.20 and 5.1 mg g−1) indicat-
ing that intra-particle diffusion is not the only rate-limiting step.
The increase in intercept values with increase in concentration is
indicative of increased boundary layer effect [29].
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Table 2
Dubinin–Radushkevisk (D–R) parameters for the adsorption of Cr(VI) at pH 2.

Temperature (◦C) ˇ (mol k-2 J-2) ln qm qm (mol g−1) × 10−5 Ea (KJ mol-1) r2

30 −0.0130 −06.97 93.80 6.2 0.9980
40 −0.0061 −10.25 03.50 9.1 0.9953
50 −0.0062 −09.38 8.37 9.0 1.0000

Table 3
Thermodynamics parameters at different temperatures for the adsorption of Cr(VI) at pH 2.

Temperature (◦C) Kc �G0 (kJ mol−1) �H0 (kJ mol−1) �S0 (kJ mol−1 K−1) r2

30 8.60 −5.40 62.74 0.239 0.9978
40 11.82 −6.43
50 20.70 −8.14

Table 4
Pseudo-first-order and pseudo-second-order rate parameters for the adsorption of Cr(VI) at different concentrations (pH 2).

Concentration (Co) (mg L-1) Pseudo-first-order Pseudo-second-order

qe (experimental) qe (calculated) (mgg-1) K1 r2 qe (calculated) (mg g-1) K2 h r2

10 0.72 0.640 1.37 0.999 0.75 0.93 1.83 0.9944
40 2.70 0.476
50 3.80 1.047
80 6.50 1.250

100 8.10 0.397

Table 5
Intra-particle diffusion parameters for the adsorption of Cr(VI) at pH 2.

Concentration (mg L−1) Kid (mg g−1 min−1/2) I (mg g−1) r2

10 0.3075 0.2078 0.9612

3

i
s
t
s
c
p

after treatment it can be inferred that electroplating wastewater
40 0.2018 2.1865 0.9728
50 0.3471 2.7456 0.9590
80 1.0256 3.0084 0.8842

100 0.7486 5.1853 0.9894

.8. Breakthrough capacity

Break through curve is the most effective column process mak-
ng the optimum use of the concentration gradient between the

olute adsorbed by the adsorbent and that remaining in the solu-
ion. The column is operational until the metal ions in the effluent
tart appearing and for practical purposes the working life of the
olumn is over called breakthrough point. This is important in
rocess design because it directly affects the feasibility and eco-

Fig. 7. Intra-particle diffusion.
0.41 0.997 2.77 2.22 16.20 0.9990
0.29 0.996 3.90 0.60 8.69 0.9999
0.34 0.982 6.40 0.16 7.03 0.9984
0.14 0.995 7.94 0.19 12.80 0.9996

nomics of the process [48]. Fig. 8 shows breakthrough curve when
a solution containing 50 mg L−1 Cr(VI) passed through the col-
umn packed with 0.5 g adsorbent at pH 2. The curve indicates that
50 mL of Cr(VI) solution can be passed through the column with-
out detecting Cr(VI) in the effluent. The breakthrough capacity and
exhaustive capacities were found to be 5 and 23.1 mg g−1 respec-
tively.

3.9. Treatment of electroplating wastewater

The analysis of electroplating wastewater is reported in Table 6.
On comparing the analysis of electroplating wastewater before and
can be treated more efficiently by column process as concentra-
tion of Cr(VI) reduced from 58 to 7 mg L−1 corresponding to 87.93%
removal of Cr(VI).

Fig. 8. Breakthrough capacity.
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Table 6
Analysis of electroplating wastewater.

Parameters Concentration (mg L−1)

pH 5.60
TDS 700.00
Na+ 160.00
K+ 2.00
Ca2+ 29.00
Cu2+ 5.60
Cd2+ 1.30
Zn2+ 0.99
Ni2+ 2.00
Cr6+ 58.00

Table 7
Comparison of the adsorption capacities for Cr(VI) onto various adsorbents.

Adsorbent Adsorption capacity
(mg g−1)

Reference

Spirogyra sp. 14.70 [49]
Coconut shell based activated carbon 20.00 [50]
Palm pressed-fibers 15.00 [51]
Almond 10.00 [52]
Distillery sludge 5.70 [53]
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Walnut shell 1.33 [54]
Soya cake 0.28 [54]
Ficus glomerata 46.73 Present study

The maximum adsorption capacity of Ficus for Cr(VI) is com-
ared with other adsorbents, reported in the literature are listed in
able 7. The adsorption capacity of Ficus is comparable or higher
han those reported earlier.

. Conclusions

Removal of Cr(VI) from water and electroplating wastewater
as been carried out using F. glomerata as low-cost adsorbent. The
dsorption properties have been explored using batch process. The
esults can be summarized as follows.

1) Adsorption of Cr(VI) increases with increase in initial concen-
tration and is strongly affected by pH. The maximum adsorption
occurs at pH 2.

2) The effect of electrolyte (KNO3) on Cr(VI) adsorption is not sig-
nificant at pH 2.

3) Thermodynamic parameters indicate adsorption is endother-
mic and spontaneous. The mean free energy value describes
that adsorption is chemical in nature.

4) Langmuir isotherm model is better obeyed at 50 ◦C as indicated
by chi-square test.

5) Kinetic data show that pseudo-second order rate equation is fol-
lowed by the system since qe values calculated from the model
are very close to qe determined experimentally.

6) The adsorbent used for the removal of Cr(VI) along with other
ions like Cu(II), Ni(II) and Zn(II) from electroplating wastewater
shows that 74 and 87% Cr(VI) can be removed using batch and
column processes respectively.

7) The adsorbent can be utilized to reduce the Cr(VI) concentration
from 58 to 7 mg L−1 in the treatment of electroplating wastew-
ater.
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