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In this study the removal of Cr (VI) from synthetic wastewater was investigated using Acroptilon repens (Russian
Knapweed) flower powder under various conditions (pH, contact time and initial concentration of Cr). The capac-
ity of chromium adsorption at equilibrium conditions by this biosorbent was increased by adsorbate concentration.
The results also showed that the removal efficiency of Cr (VI) was increased by increasing the contact time. By
increasing the initial concentration of Cr (VI) solution, chromium removal was reduced. The suitability of adsor-
bents and their constants was tested or evaluated with the Langmuir, Freundlich and Temkin isotherms models.
The results indicated that the Freundlich and Langmuir models (R* > 0.99) gave a better concordance to the
adsorption data in comparison with the Temkin equation (R* = 0.97). The adsorption of Cr (VI) followed the
pseudo-second-order kinetics (R* = 0.991). The study showed that Acroptilon repens flower powder can be used
as an effective lignocellulosic biomaterial and biosorbent for the removal of Cr (VI) from wastewater.
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INTRODUCTION

The chromium is one of the heavy metals and envi-
ronmental pollutants. It is present in aqueous solution
mainly in Cr (III) and Cr (VI) oxidation states. Cr (III)
is more stable and less toxic whereas Cr (VI) is highly
toxic and soluble in water'?. Cr (VI) exists in the ef-
fluents of electroplating, paint, dyeing, pigment, mining,
fertilizer and photography industries® and causes acute
environmental and health problems. Exposure to Cr (VI)
causes dermatitis, allergic skin reactions and ulceration
of intestine**. Hexavalent chromium has been reported
to be toxic to humans and animals and it is known to be
carcinogenic®. The maximum permissible level of Cr (VI)
in drinking water is 0.05 mg/L and the tolerance limit
for Cr (VI) to discharge into inland surface waters is 0.1
mg/L*>7. Nevertheless, for most natural waters the Cr
concentration is below the 50 ug/L value recommended
for drinking water by the World Health Organization
or the US Environmental Protection Agency. In order
to comply with this limit, it is essential that industries
treat their effluents to reduce the Cr (VI) to accepta-
ble levels. Because of its high toxicity, Cr (VI) must be
substantially removed from the wastewater before being
discharged into the aquatic system®. Different techniques
used for chromium ions removal from industrial waste-
water include bioremediation, chemical precipitation,
ion exchange, reverse osmosis and solvent extraction® '°.
These methods, apart from being economically expen-
sive, have disadvantages like high energy requirements,
incomplete removal, high reagent and generation of toxic
sludge or other harmful wastes that must be managed.
For this reasons efficient, cheap and environmental
friendly methods to reduce heavy metals content need
to develop. The most widely used adsorbent is activated
carbon because it has relatively higher surface area, but
it is expensive and requires chelating agents to enhance
its performance. Therefore, there has been increased
interest in the use of other adsorbent materials® ' 2, In

recent years considerable attention has been focused on
the field of adsorption by lignocellulosic solid wastes such
as lignin'®, sawdust, walnut skin, coconut husks, Biomass
Cone?®, exhausted coffee!, waste tea*, seeds of Ocimum
Basilicum®. Although agricultural wastes have adsorption
capacity comparable to other natural sorbents, they have
the advantage of very low or no cost, great availability,
simple application and the fact that through their use
as biosorbents, added value is provided to products that
otherwise would be considered as a waste®.

Acroptilon repens (L.) DC. (Russian Knapweed),
known as Centaura repens in some literature, belongs
to the family of Asteraceae's. This plant is herbaceous
and perennial. Acroptilon repens is native to southern
Ukraine, southeast Russia, Iran, Kazakhstan and Mon-
golia. Only one species of this plant is known in Iran,
which is found in western Azarbayjan, Zanjan, Tehran
and Yazd provinces'” 8, The aerial parts of Acroptilon
repens plant is medicinal with antimicrobial and antipy-
retic properties'® * 2 and used for blood purifiction,
stomach pain, fever and dysentery'® ?!. The plant is
reported to be allelopathic, but is not toxic to human?!.
There isn’t any study about adsorption characteristic
of Acroptilon repens flower powder, so we introduce a
new biosorbent for heavy metals removal. The aim of
this research was evaluating the Hexavalent Chromium
Removal by Acroptilon repens flower powder as a new
biosorbent from synthetic wastewater and the effect of
different parameters on the adsorption process.

EXPERIMENTAL

Preparation of Chromium solution

Stock solution was prepared by dissolving a definite
amount of potassium dichromate (K,Cr,0,) in distilled
water” 1. The chromium solutions with concentrations
of 2 and 10 mg/L were prepared by dilution of the stock

solution with distilled water. The BFthelSolutions
Download Date | 4/22/17 7:52 AM



was adjusted by using 0.1 N HCI or NaOH. pH of the
samples was measured using pH meter Mi 151. All the
chemicals used were of analytical reagent grade and
were obtained from Merck. Fresh dilutions were used
for each study.

Preparation of biosorbent

Acroptilon repens were collected from nearby loca-
lity of Yazd city, Iran and then flowers of plant were
separated'. Flowers were washed with distilled water
to remove impurities and surface adhered particles
and then dried at 102°C. In our study, adsorbent was
pulverized by standard ASTM sieves with the range of
40 to 60 meshes (0.25-0.4 mm particles) and used as a
new biosorbent in the experiments®.

Characterization of the biosorbent

In order to survey the particle properties of the
adsorbent and see the surfaces of particle before and
after adsorption, the powder texture was observed by
the scanning electron microscope (SEM). The surface
morphologies of the samples were examined using a
Scanning Electron Microscopy (SEM) (KYKY-EM3200,
China). SEM apparatus operated at a 25kV accelerating
potential.

To obtain the information on the main chemical groups
present on the surface of the Acroptilon repense flower
powder particles, Fourier transform infrared spectroscopy
(FTIR) was performed at the range of 4000-450 cm™
with FT-IR-8400S-Shimadzu, Japan.

Chromium detection

The Cr (VI) is estimated by colorimetric technique.
The samples were acidified with phosphoric acid, and
then complexed with a solution of 1.5 diphenyl carbazide
(DIPC) in acetone, tested in a spectrophotometer set
(UV/VisibleSP-3000 Plus-Japan) at 540 nm according to
standard methods® *.

Adsorption experiments

Adsorption experiments were done by initial chro-
mium concentrations of 2 and 10 mg/L, adsorbent dose
of 0.05-0.2 g/100ml, contact time of 30-240 and pH of
2-11. The experiments were carried out by a mechanical
shaker (INNOVA 40R, England) with shaker (120 rpm
at 20°C). After shaking, samples were filtered through
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0.45 um filter paper and the filtrate was analyzed® °.
The amount of adsorbed Cr (VI) was calculated by
the difference of the initial and residual amount in the
solution. The amount of Cr (VI) adsorbed in mg/g at
time t (q.) and the percentage of removed Cr (VI) ions
(R) in solution were computed using formulae (1) and
(2), respectively:
g = Lo =GV (1)
M
R(%) = Co=C) 100 )
Co

Where C, and C, are the Cr (VI) concentrations in
mg/L initially and at a given time t, respectively. V is the
volume of the Cr (VI) solutions in ml; M is the weight
of adsorbent in g* 13,

The results also were evaluated by various adsorption
isotherms including the Langmuir, Freundlich and Temkin
isotherms. To determine isotherm models, adsorbent do-
ses of 0.05-0.2 g added to 100 ml of chromium solutions
with concentration of 10 mg/L. Adsorption tests were
performed in the optimal amount of contact time and
pH factors. Adsorption kinetics study also was carried
out with the pseudo-first-order and pseudo-second-or-
der kinetics. The chromium concentration was 10 mg/L
and 0.2 g of adsorbent material was added to 100 ml
of chromium solution. The temperature and pH were
constant. Adsorption kinetic was determined by analy-
zing adsorptive uptake of the chromium from synthetic
wastewater at different time intervals.

RESULTS AND DISCUSSION

Characterization of the biosorbent

The SEM images of Acroptilon repense flower powder
before and after adsorption are shown in Fig. 1 and 2.
It can be observed that Acroptilon repense flower po-
wder have irregular surface structure, a situation which
favors the adsorption of Cr (VI) on different parts of
biosorbent. It can be clearly seen that these samples do
not indicate well-defined pore structures.

The construction of complexes between ions species
in the solution and the functional groups of biosorbents
enables them to play a role in biosorption. Since plant
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Figure 1. Scanning electron microscope (SEM) of Acroptilon repens flower powder in defe@&%m%@gﬁlg@,w 7:52 AM
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Figure 2. Scanning electron microscope (SEM) of Acroptilon repens flower powder loaded with Cr(VI) in deferent magnifications
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Figure 3. FTIR spectra of Acroptilon repense flower powder (a) before and (b) after the biosorption of Cr (VI)

fibers consist mostly of cellulose, hemicelluloses, lignin,
pectin and extractives, ions sorb mainly to carboxylic
(primarily present in hemicelluloses, pectin and lignin),
phenolic (lignin and extractives) and to some extent
hydroxylic (cellulose, hemicelluloses, lignin, extractives
and pectin) and carbonyl groups (lignin, pectin)?.

The FTIR spectra analyses for the Acroptilon repense
flower powder before and after biosorption of Cr (VI)
were undertaken and the results are demonstrated in
Fig. 3. The FTIR spectra indicate that there is a move
of some functional group bands, which indicates changes
in biosorbent functional groups and surface properties.

the infrared absorption wavelength§atheadteipeak and
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Table 1. The FTIR spectral characteristics of Acroptilon repense flower powder before and after biosorption of Cr (VI)

43

Wavelength

Before

After

K - . Differences Assignment
range (cm™) adsorption adsorption
3500-3200 3420 3426 -6 Bonded hydroxyl groups(OH)
3000-2850 2021 2932 11 C-H methyl and methylene
groups
1750-1680 1740 1743 -3 C=0 carbonyls
1670-1640 1649 1656 -7 Carboxylic groups
13501000 1251 Absent - O—H alcohols (primary and
secondary) and aliphatic ethers
1300-1000 1043 1058 -15 C—O stretching of COOH

the related functional groups are presented in Tablel.
The results exhibited biosorbent heterogeneity, proved
by diverse attribute peaks with the possible presence
of phenolic, carboxylic, hydroxyl and carbonyl groups?.

Effect of initial pH

The results for the effects of pH on Hexavalent
chromium removal by the Acroptilon repens flower in
condition of 25°C and 2 mg/L chromium concentration
are shown in Fig. 4. At this stage, adsorbent dose and
contact time were 0.2 g/100 ml and 24 h, respectively.
The results of this study showed that as the pH of so-
lution was increased the adsorption capacity (q,) and
adsorption efficiency decreased (r = —0.96, P = 0.001). By
increasing pH from 2 to 11, Cr (VI) percentage removal
decreased from %99.95 to %18.2. It was observed that
the maximum percentage of removal of Cr (VI) was at
pH 2. In low pH solutions, hydronium ions associates to
functional groups such as carboxyl, phenolic, hydroxyl,
and carbonyl, thus increasing the affinity for Cr (VI) ions
because they are positively charged ions™ ?7. At lower
pH, the surface will be surrounded by high quantities
of hydronium ions. At pH 2 the predominant Cr (VI)
was HCrO,~ and as a result, electrostatic attraction
took place between the positively charged adsorbent
and the negatively charged HCrO,” ® . According to
Gupta et al. (2010), at high pH there will be abundance
of negatively charged hydroxyl ions in aqueous solution,
causing hindrance between the negatively charged ions
Cr,0,%; CrO,?, etc. and the negatively charged adsorbent,
resulting in a decrease of adsorption. Accordingly, the
optimum pH for the maximum adsorption of Cr (VI)
was 2 28, Similar results were demonstrated by Wu et
al. (2008) who studied adsorption of chromium (III)
on lignin'2,
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Figure 4. Effect of initial pH on Cr (VI) removal and adsorp-
tion capacity

Effect of adsorbent dose

The effect of adsorbent dose on removal efficiency of
chromium (VI) by Acroptilon repens flower powder has
been investigated in the initial chromium concentrations,
2 and 10 mg/L at pH=2. In this stage shaker speed and
reaction time were 120 rpm and 24 h, respectively. The
effect of adsorbent dose on the chromium removal is
shown in Fig. 5. Results showed chromium removal at
equilibrium condition was increased with the increasing
of adsorbent dose from 0.05 to 0.2 g/100 ml; this can be
attributed to increased surface area and the availability
of more binding sites for adsorption. The same results
were reported by Mor et al. (2007). They indicated that
adsorption of Cr (VI) increased with increasing the
dose of the activated alumina and activated charcoal'.
According to the results of the present study, by incre-
asing the adsorbent dose from 0.1 to 0.2 gr/100 ml, the
removal efficiency of chromium increased for the initial
concentration 2 mg/L from 76.5% to 99.95% and for
the initial concentration 10 mg/L from 35.1% to 58.6%,
respectively. The maximum adsorption capacity (q,) for
the initial concentration of chromium 2 and 10 mg/L
were 1.66 and 5.72 mg/g, respectively. Similar results
for the effect of adsorbent dose on Cr (VI) adsorption
capacity was reported for other sorbents'’. The results
of the present study showed that the optimal adsorbent
dose was 0.2 g/100 ml.
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Figure 5. Effect of adsorbent dose on Cr (VI) removal

Effect of contact time and the initial Cr (VI) concentration

The effect of contact time on chromium adsorption
tested with 2 and 10 mg/L Cr (VI) and 0.2 g/100 ml
adsorbent. The pH of the solution was 2 and detection
of adsorption efficiency was done at 30, 60, 120, 180 and
240 min. The results showed that the removal efficiency
of Cr (VI) increased by increasing the contact time. The
adsorption of chromium ions by this biosorbent reached

equilibrium in less than 180 minutés2ulketiexseriments
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showed that the removal rate of Cr (VI) reaching equ-
ilibrium within the first three hours of adsorption. The
same as our results, Altun et al. (2012) showed that
the equilibrium time was 120 min and the results were
independent of initial Cr (VI) ions concentration®. As
is shown in Fig. 6, with increasing the initial concentra-
tion of Cr (VI) solution from 2 to 10 mg/L, chromium
removal decreased. While at equilibrium time (180 min)
removal efficiency for chromium concentration 2 and
10 mg/L was 74.5% and 55.6% respectively. Removal
efficiency between 2 and 10 mg/L was also significantly
different (P = 0.05). This can be explained by the fact
that for the sorption a limited number of active sites
available, which would have become saturated above a
certain concentration®. The results of Suman Mor et al.
study (2007) were in agreement with our results, they
indicated that Cr (VI) removal decreased as the initial
concentration of Cr (VI) was increased".
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Figure 6. Effect of contact time and initial Cr (VI) concentrations

Adsorption isotherm study

One of important physico-chemical aspects for the
evaluation of the biosorption process is the adsorption
isotherms. The distribution of Cr (VI) between the liquid
and the adsorbent phase is a measure of the position
of equilibrium in the adsorption process and can be
expressed by the most popular isotherm models’. The
Langmuir, Freundlich and Temkin isotherms models
are widely used to describe adsorption data in water
and wastewater treatment’’. In this study, Langmuir,
Freundlich and Temkin isotherm models were selected
for an assessment of Cr (VI) adsorption on Acroptilon
repens flower powder and the equilibrium concentration
in aqueous solutions. The Langmuir isotherm is valid
for monolayer adsorption onto the surface containing a
finite number of identical sites?®. The model takes the
following linear form:

101 1

—= — 4
Qs Qm bq.C,

®)

Where q,, is the quantity of an adsorbate required
to form a single monolayer on the unit mass of the
adsorbent (mg/g); q. is the amount pollutant adsorbed
on the unit mass of the adsorbent (mg/g); C, is the
equilibrium concentration of metal ions solution (mg/L)
and b (L/mg) is Langmuir constant that is related to the
apparent energy of adsorption. Equation 3 shows that a
plot of 1/q, versus 1/C, should yield a straight line if the

Langmuir isotherm model is obeyed by the adsorption
equilibrium. The slope and the intercept of this line then
yield the values of constants qm and b respectively™ *.
The Langmuir isotherm is shown in Fig. 7. The essential
characteristics of Langmuir isotherm can be described
by a separation factor or equilibrium constant R, which

is represented by:
1
Ry- 1+bC, )

Where C, is the initial concentration of adsorbate (mg/l)
and b is the Langmuir constant?®. The determined para-
meters and their corresponding correlation coefficients
(R?) are listed in Table 2. The separation factor (R)
indicates the isotherm shape and whether the adsorption
is favorable or not: R; > 1, unfavorable; R, = 1, linear;
0 < R, < 1, favorable; R; = 0, irreversible®’. The R
value obtained in the present case is less than 1 that
indicated a favorable adsorption of Cr (VI). Similar
results were reported by Neagu et al. (2010)°.
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Figure 7. Langmuir adsorption isotherms on Cr (VI) removal

The Freundlich isotherm model is applicable to ad-
sorption of metal ions and occurs on a heterogeneous
adsorbent surface’. The Freundlich’s model can be
described by the following equation:

Lng, =Ln !s}—é LncC, 5)

Where q, is the amount adsorbed per gram of adsorbent
(mg/g), C, is solute concentration (mg/L), K; (mg/g) is
related to the relative adsorption capacity and n (g/L)
is related to the intensity of adsorption''. The values of
K;, 1/n and R? are reported in Table 2. The value of R?
obtained was 0.993, indicating that heterogeneous surface
conditions may exist (Fig. 8). The value of 1/n obtained
for the adsorption of Cr (VI) on Acroptilon repens flower
powder was found to be less than one (1/n = 0.547)
that specifies that the adsorption is favourable. Similar
results were found by Cimino et al. (2000), who studied
the removal of toxic cations and Cr (VI) from aqueous
solution on hazelnut shell*.

The Temkin isotherm equation assumes that the heat
of adsorption of all the molecules in the layer decreases
linearly with coverage due to adsorbent—adsorbate repul-

sions *2. The Temkin isotherm equation is represented by:
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Figure 8. Freundlich adsorption isotherms on Cr (VI) removal

Where B; = RT/b. The constant B; is related to the
heat of adsorption (kJ/mol), K, is the binding constant
which represents the maximum binding energy (L/mg).
The isotherm constants of K, and By are determined by
slope and the intercept from the plot of q, versus In C,,
respectively’’. The results of temkin isotherm constant
in the present study are shown in Table 2. The values
of By and K, constant were 0.760 kJ/mol and 248.7
L/g, respectively. Zhang et al. (2010) investigated the
hexavalent chromium removal from aqueous solution
by algal bloom residue derived from activated carbon'.

Values of the correlation coefficient (R?) are a measure
of the goodness-of-fit of the experimental data on the iso-
therm models. The results indicated that the Freundlich
and Langmuir models (R? > 0.99) data in comparison
with the Temkin equation (R? = 0.97) gave a better fit
to the experimental. The results of Neagu et al.’ and
Zhang et al." studies also have good concordance with
Langmuir and Freundlich isotherm models.

Adsorption Kinetics

A kinetic investigation was conducted in order to
further expose the adsorption mechanism of hexava-
lent chromium onto Acroptilon repens flower powder
and rate controlling steps. For testing the experimental
data Pseudo-first and the pseudo-second-order kinetic
models were used.

The pseudo-first-order reaction equation was used
for the adsorption of liquid/solid system on the basis
of solid capacity®. Its linear form is described by the
following equation:

log(a, — q.) = logq, — T3t (7

Table 2. Characteristics of adsorption isotherms
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k, (1/min) is the rate constant in the pseudo-first-order
adsorption process. The constant and adsorption capacity
were determined experimentally by plotting of the log
(q.—q,) versus time and listed in Table 3. The results
showed that the correlation coefficient (R?) of the data
for the pseudo-first-order reaction was 0.941 and the
theoretic value (q.,) is lower than that experimental
data (q.,) Which specifies that the adsorption process
does not follow the pseudo-first-order reaction. The
same results were also obtained by Muthukumaran et al.
(2011). According to the results, adsorption of Cr (VI)
did not follow the pseudo-first-order kinetic?.

In the pseudo-second-order model, adsorption follows
the second-order chemisorptions’’. The linear form is
represented by:

t 1 1
e kaas a4 ®)

Where k, (g/mg'min) is the adsorption rate constant.
By plotting a curve of t/qt versus time, q, and k, can
be evaluated (Fig. 9). The values of q., k, and R* are
listed in Table 3. The R? value obtained was 0.991 which
confirmed the applicability of the pseudo-second-order
equation. On the other hand, there was a little difference
between the gy, and g, ., that indicated the applicability
of this model. The pseudo-second-order model equation
provided a good fit between the experimental values and
the predicted curves, whereas the first-order kinetics
did not fit well to the experimental data. Anandkumar
et al. (2011) studied adsorption of chromium (VI) and
Rhodamine B on the surface modified tannery waste.
The calculated q, values were closely fitted with the
experimental data. Thus, the pseudo-second-order kine-
tics was predominant™. Thamilarasu et al. studied the
feasibility of the removal of hexavalent chromium ions
from aqueous solutions and reported that the metal ion
adsorption using the activated carbon produced from
Cajanus Cajan (L) Milsp followed the pseudo-second
order kinetic model®,
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Figure 9. Pseudo second order kinetics for Cr (VI) removal
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Table 3. The biosorption rate constant for Cr (VI) onto Acroptilon repens flower powder

Pseudo-first-order Pseudo-second-order
g, (calc.) (mg/g) 2479 | q. (mg/g) 3.788
g, (exp.) (mg/g) 3.5 K, (g/mg.min) 0.0036
K, (min™" 0.006 | R? 0.991
R? 0.941

CONCLUSIONS 10. Hafeza, A.IL,, Manhay, M.S. & Khedr, M.A. (2002). RO

In recent years, increasing costs and environmental
considerations caused the use of new low or no cost
adsorbents derived from renewable resources. The
present study indicated that lignocellulosic agricultural
wastes such as Acroptilon repens flower powder can be
used as an effective biosorbent for the removal of Cr
(VI). The results showed that increasing the adsorption
dose and contact time increased the removal efficiency
and increasing the pH and the initial concentration led
to a decrease of removal efficiency. The sorption data
is fitted with the Freundlich and Langmuir isotherm
models and follows the pseudo-second-order kinetics
better than Pseudo-first order kinetics. Utilization of
the Acroptilon repens flower powder for the treatment
of aqueous solution containing Cr (VI) ions is gaining
attention as a simple, effective and economical means
of wastewater treatment.
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