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ABSTRACT

Batch experiments were carried out for the sorption of methylene blue onto elaeagnusan
gastifolial particles. The operating variables studied were initial solution pH, contact time, adsorbent
dosage and temperature. Equilibrium data were fitted to Freundlich and Langmuir isotherm equation
and the equilibrium data were found to well represented by Langmuir isotherm equation. Various
thermodynamic parameters such as enthalpy of sorption (AH®), free energy change (AG°) and
entropy (AS°) were estimated. The positive value of AH® and negative value of AG°® shows the
sorption process is endothermic and spontaneous. The positive value of entropy AS°® shows the
increased randomness at the solid—liquid interface during the sorption of dye ions onto elaeagnusan

gastifolial particles.

Key words: Methylene blue, Separation, Simulation, Thermodynamic parameters.

INTRODUCTION

The removal of color from dye bearing
effluents is one of the major problems due to the
difficulty in treating such wastewaters by
conventional treatment methods. The most
commonly used methods for color removal are
biological oxidation and chemical precipitation.

However, these processes are effective and
economic only in the case where the solute
concentrations are relatively high. Currently
sorption process is proved to be one of the effective
and attractive processes for the treatment of these
dye-bearing wastewaters's. Also this method will
become inexpensive, if the sorbent material used
is of inexpensive material and does not require any
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expensive additional pretreatment step. In the
present study elaeagnusan gastifolial have been
used as adsorbent for the removal of methylene
blue from its aqueous solution. Methylene blue is
selected as a model compound in order to evaluate
the capacity of elaeagnusan gastifolial for the
removal of dye (methylene blue) from its aqueous
solutions.

Methylene blue has wider applications,
which include coloring paper, temporary hair
colorant, dyeing cottons, wools, coating for paper
stock, etc. Though methylene blue is not strongly
hazardous, it can cause some harmful effects. Acute
exposure to methylene blue will found cause
increased heart rate, vomiting, shock, Heinz body
formation, cyanosis, jaundice, quadripelgia and
tissue necrosis in humans. Previously several
researchers had proved several low cost materials
such as pear millet husk carbon®; Aspergillus niger’
rice husk®; hair®; cotton waste?; bark?; perlite®;
carbonized press mud'?; bagasse bottom ash'; raw
kaolin''; pure kaolin''; calcined rawkaoline'";
calcined pure kaoline''; NaOH treated rawkaolin';
coir pith'?; guava seeds activated carbon'®; iron
humate'®; neem sawdust's; clay'®. In the present
study elaeagnusan gastifolial have been used as
an adsorbent for the removal of methylene blue from
its aqueous solutions and the effect of initial solution
pH, contact time, adsorbent dosage and
temperature on the amount of color removal have
been investigated.

MATERIALSAND METHODS

The dye used in all the experiments was
methylene blue, a basic (cationic) dye. The dye
methylene blue was obtained from Sigma Chemical
Co. (St. Louis, MO, USA). The chemical formula of
methylene blue'.

Synthetic dye solutions were prepared by
dissolving weighed amount methylene blue in 1 L
of double distilled water. The NaOH and HCI
solutions used for optimizing pH are obtained by
Merck (Germany).

Elaeagnusan gastifolial used in this
investigation were collected from a number of trees
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in many cities in Iran. They were washed repeatedly
with distillated water to remove dust and soluble
impurities, dried at room temperature for 24h, ground
in mortar to a very fine powder and sieved through
a 125pum copper sieve and stored in desiccators
before use.

RESULTS AND DISCUSSIONS

Effect of pH

The effect of pH on the amount of color
removal was analyzed over the pH range from 2 to
12. The pH was adjusted using 0.1N NaOH and
0.1N HCl solutions. In this study 30mL of dye solution
of 100 mg/L was agitated with 0.2 g of elaeagnusan
gastifolial for 1 h, which is more than sufficient to
reach equilibrium. The samples were then
centrifuged and the left out concentration in the
supernatant solution were analyzed using UV
Spectrophotometer by monitoring the absorbance
changes at a wavelength of maximum absorbance
(665 nm).

Dependence of dye adsorption on pH is
shown in Fig. 1. Dye adsorption efficiency is affected
by pH variation. The adsorption of methylene blue
increased with an increase pH. The optimum pH for
the adsorption of methylene blue was found to be
in the range 8-12. This can be explained with the
electrostatic interaction of methylene blue (because
of its cationic structure) with negatively charged
surface of elaesagnusan gastifolial. Similar trends
were observed for the adsorption of methylene blue
onto Fe(Ill)/Cr(lll) hydroxide'®, malachite green onto
agro-industry waste'®, methylene blue onto various
carbons?.

Effects of contact time

The effects of contact time in the range 5—
60 min were studied using a constant concentration
(100 mg/L) of dye solution, pH 8 and a temperature
of 25 °C. The percentage removal of the methylene
blue as a function of contact time is shown in the
Fig. 2. The percent dye removal increased with
increased contact time. Maximum quantitative
removal of methylene blue from an aqueous solution
was obtained in 50 min contact time. Beyond 50
min, there was no increase in dye removal. This can
be related to saturation of adsorbtion sites.
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Effect of adsorbent dosage

Fig. 3 shows the effect of adsorbent dosage on
methylene blue adsorption onto elaeagnusan
gastifolial. In order to investigate the effect of
adsorbent dosage on the methylene blue
adsorption onto elaesagnusan gastifolial, an initial
dye concentration of 100 mg/L was selected. The
range of adsorbent dosage was between 0.2 to 0.6
g. As can be seen from Fig. 3, when the adsorbent
dosage increases, removal efficiency of methylene
blue also increases. Adsorbent dosage was
increased from 0.2 to 0.6 g as dye removal efficiency
increased from 80 to 93%. Similar results were
reported for methylen blue adsorption by Posidonia
oceanica?'.

The effect of temperature

The effect of temperature on the
adsorption of methylene blue is shown in Fig. 4.
The results showed that dye sorption capacity of
elaeagnusan gastifolial increased with changing
the temperature from 25 to 65°C. Since the
adsorption increased when temperature rose, this
system was considered to be endothermic. In
addition to, some researchers reported increased
methylene blue removal with increasing
temperature values?*?24,

Adsorption enthalpy was measured using
the method based on the Van, t Hoff plot. The values
of AH° and AS° were calculated from the slops and
intercepts of the linear variation of In K_ with
reciprocal temperature, 1/T (Fig. 5), using the
relation:
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In K_ = (AS°/R) — (AH°/RT) (1)

Where AH° and AS° are the standard
enthalpy and entropy changes of adsorption,
respectively. The free energy of specific adsorption
AG? is calculated using the equation:

AG® = AH° - T AS® 2

The values of AH°, AS° and AG® were
given in Table 1 for methylene blue biosorption on
elaeagnusan gastifolial. The value of AH°=9.14 kJ/
mol and AG® = - 4.87 kJ/mol at 25 °C suggest that
the sorption of methylene blue on elaeagnusan
gastifolial is endothermic and a spontaneous
process. The positive value of entropy “S° shows
the increased randomness at the solid—liquid
interface during the sorption of dye ions onto
elaeagnusan gastifolial particles.

Adsorption isotherms

The analysis and design of sorption
process requires the relevant adsorption equilibria,
which is the most important piece of information in
understanding an adsorption process?. Sorption
equilibria provide fundamental physiochemical data
for evaluating the applicability of sorption process
as an unit operation. The two most commonly used
equilibrium relations are Freundlich and Langmuir®®
isotherm equations. In the present investigation the
equilibrium data were analyzed using the
Freundlich and Langmuir isotherm expression
given by equations (3) and (4), respectively:

Table 1: Thermodynamic parameters for the biosorption
of methylene blue on elaeagnusan gastifolial

Dye AG° (kJ/mol)

AH° (kJ/mol)

AS° (kJ/mol)

methylene blue - 4.87

9.14 0.047

Table 2: The constants of Langmuir and Freundlich isotherms
for biosorption of methylene blue on elaesagnusan gastifolial

Langmuir constants

K(L/mg) R2

q,,(mg/g)

Freundlich constants

K n R?

f

17.24 1.813 0.9555

10.233 2.236 0.7616
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Fig. 1: The variation of the amount adsorbed with
suspension pH at 25 °C (sorption time: 1 hr; initial
dye concentration: 100 mg/L; mixing rate: 150
rpm; absorbent concentration: 0.2 g/30 mL)
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Fig. 3: Effect of adsorbent dosage on methylene
blue adsorption onto elaeagnusan gastifolial at
25 °C (initial dye concentration: 100 mg/L,
mixing rate: 150 rpm, pH =8.0)
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Fig.5: Plot of In K_vs. 1/T for the methylene blue

adsorption on elaesagnusan gastifolial (initial dye

concentration: 100 mg/L, mixing rate: 150 rpm;

absorbent concentration: 0.2 g/30 mL, pH =8.0)
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where K. and n are Freundlich constants
related to sorption capacity and sorption intensity
of adsorbents, g_is the maximum sorption capacity
of elaeagnusan gastifolial to uptake methylene blue
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Fig. 2: Effect of contact time on adsorption of
methylene blue from aqueous solution onto
adsorbent at 25 °C (initial dye concentration:
100 mg/L; mixing rate: 150 rpm; absorbent

concentration: 0.2 g/30 mL, pH =8.0)
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Fig. 4: Effect of temperature on methylene blue
adsorption onto elaeagnusan gastifolial (initial dye
concentration: 100 mg/L, mixing rate: 150 rpm;
absorbent concentration: 0.2 g/30 mL, pH =8.0)
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Fig. 6: Langmuir plot for sorption of methylene
blue onto elaeagnusan gastifolial at 25 °C

(mixing rate: 150 rpm; absorbent concentration:
0.2 g/30 mL, pH =8.0)
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(mg/g) and K| is the Langmuir constant related to
the energy of adsorption (L/mg). The value of n falling
in the range of 1-10 indicates favorable sorption.
The linearised form of Freundlich and Langmuir can
be written as follows:

log g,=log K+1/n.(logC,) ...(5)
C/q,=1/K.q,)+CJq, ...(6)

Thus the Freundlich constant K, and n can be
calculated from the intercept and slope of plot
between log g, and log C.. Similarly the Langmuir
constants g, and K were calculated from the slope
of plot between C /g, versus C, .

The Langmuir and Freundlich adsorption
constants evaluated from the isotherms with the
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Fig. 7: Freundlich plot for sorption of methylene
blue onto elaeagnusan gastifolial at 25 °C
(mixing rate: 150 rpm; absorbent
concentration: 0.2 g/30 mL, pH =8.0)
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correlation coefficients were listed in Table 2. It could
be seen from Fig. 6 and Fig. 7 that the Langmuir
isotherm gave better fits than the Freundlich
isotherm. Based on the value of the correlation
coefficient ( Rz > 0.95) it could be seen that the
behavior of methylene blue biosorption on to
powdered leaf of elaeagnusan gastifolial is a
Langmuir type isotherm.

CONCLUSION

The present study shows that the
elaeagnusan gastifolial can be used as an
adsorbent for the removal of methylene blue from
aqueous solutions. The amount of dye sorbed was
found to vary with initial solution pH, contact time,
adsorbent dose and temperature.

The amount of dye uptake (mg/g) was
found to increase with increase in initial solution
pH, contact time, adsorbent dosage and solution
temperature. Thermodynamic parameter shows that
the process is endothermic and spontaneous.
Equilibrium data were fitted well in Langmuir
isotherm equation confirming the monolayer
sorption capacity of methylene blue onto
elaeagnusan gastifolial particles with a monolayer
sorption capacity of 17.24 mg/g.
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