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ABSTRACT

This study examined the adsorption of methylene blue onto raw date fruit waste (DFW) and NaOH-modified date
fruit waste (N-DFW). Experiments were done as function of contact time, initial pH (2-12), adsorbent dose (0.5-8
g/L) and initial dye concentration (20-200 mg/L). The solution pH had strong effect on the adsorption capacity of
both adsorbents and the extent of the dye removal increased with increasing pH. The experimental data were fitted
to different kinetic and isotherm models. The adsorption of methylene blue on both sorbents followed well the
pseudo-second-order model. According to Langmuir isotherm model, the maximum monolayer adsor ption capacities
of DFW and N-DFW were 165.3 and 215.4 mg/g, respectively. Therefore, date fruit waste could be considered as an
efficient adsorbent for the removal of MB from aqueous solutions and its adsorption properties were improved
through modification with NaOH.
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INTRODUCTION

Methylene blue (MB) is a common industrial catiodie which is widely used in dying paper, cottomod and
silk [1, 2]. MB can cause eye burns in humans andnals, cyanosis, methemoglobinemia, convulsions,
tachycardia, dyspnea, irritation to the skin, anichgested, irritation to the gastrointestinal trammiting, nausea,
and diarrhea [3]. Therefore, removing this pollatirom waste streams is an urgent task due toaitsaful impacts

on receiving waters.

The problems associated with dye pollution coulddmuced or minimized by physical, chemical, analdgjical
decolorization processes, for example, by microtdegradation, chemical oxidation, coagulation aremiorane
separation [2]. However, these processes havedisgidvantages and limitations, such as poor rehedfieiency,
high cost and generation of secondary pollutantsofption is an efficient and preferred methodhie temoval of
dye substances from aqueous solutions due tontglisity of design, ease of operation and insewisytito toxic
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pollutants [4]. Activated carbon is the most widelged material for the adsorption of dyes from wated
wastewater, but its cost is quite high and needgstly regeneration system [5]. The main criteaadhoosing a
material as adsorbent are availability, cost effectess, and adsorptive properties [6]. In thisardg, agricultural
wastes have been considered for the adsorptionye$ tecause of low cost, good adsorption capaltitie
processing requirement, and high availability Récently a number of agricultural material sucheaswastes [8],
Eucalyptus sheathiana bark [9], Cashew nut sh@l], [$tipa tenassicima fibers [11], peanut [12], &ide Vera
leaves wastes [13] have found to be efficient loat@dsorbents for the removal of dyes from aqusoligions.

In date processing industries, filter press is utedseparate date juice from fibrous material. €fme, a
pressurized fibrous cake, here named date fruitevé®FW), is a main by-product of such industridgt][
According to Food and Agriculture Organization bétUnited Nations (FAO), around 1066000 tons ot datit
was produced in Iran in 2012 [15]. In hormozgariaegwhich is the largest date producer in Iraedaocessing
industries produce huge amounts of DFW. This bypob is mainly dumped into mountains of waste amy pose
environmental problems. Hence, DFW could be comsitlas a low-cost, abundant and renewable adsorbethe
best of knowledge, no work has been done on therptisn of dyes onto this agricultural by-produtherefore, the
objective of this work was to study the adsorptéiMB onto raw and NaOH-modified date fruit waste.

MATERIALS AND METHODS

2.1 Materials

Methylene blue (MB), &H1sCIN3S.3HO supplied by Sigma Aldrich. Date fruit waste wasdky supplied by
Khorma Bon Jonub Co. (Bandar Abbas). The dye ssotition of 1000 mg/L was prepared and diluted bylide
distilled water to obtain working solutions (20 200 mg/L). NaOH and other chemicals were purchdezu
Merck Co. (Germany).

2.2 Preparation of adsorbent

Date fruit waste (DFW) was washed repeatedly wabhde-distilled water to remove dust and solublguniies,
and this was followed by drying at 103 °C for 24rd was ground. The dried DFW was then suspendatkati
solution (5% sodium hydroxide) and stirred for 4rhe alkali solution was filtered off, and the sdenwas washed
thoroughly with distilled water until the pH of tleash was neutralized. The treated date fruit wastethen dried
at 103 °C for 24 h. After drying, the NaOH-modifiBéFW (N-DFW) was stored in sealed glass contaioefudrther
use to adsorption experiments.

2.3 Adsorption studies

The adsorption of MB onto raw and alkali-modifie@F\l was investigated in batch mode experimentsbatth
adsorption experiments were carried out in Erleranégask (250 mL) containing 100 mL dye solutiomeTflask
with solution was wrapped, sealed and mixed byraital shaker (180 rpm). The effects of pH (2, 48610, 12),
adsorbent concentration (0.5, 1, 2, 4, 8 g/L), @ontime (0, 10, 20, 50, 90, 180 min) and dye cotre¢ion (20, 50,
100, 200 mg/L) were determined on the adsorptiorM&. The room temperature during all experiment was
25+1 °C. For pH effect experiments, 0.1 N NaOH AridN HCI were used to adjust the solution pH ® dlesired
value. The sorption capacities of the sorbents wbtained by Eq. (1):

Co—Ce)V
g = o ()

m

where @ is the sorption capacity (mg/g) of the sorbentsa@ G are the initial and the equilibrium concentrations
of MB in the solution (mg/L), respectively, m isetllry weight of the added adsorbents (g) and Wésvblume of
solution (L). The percentage removal of dye (R(%@) calculated using the following equation, EQ: (2

R(%) = % x 100 )

All the adsorption experiments were duplicated dredaverage values are presented.

2.4 Analysis

At predetermined time intervals, the dye solutioaswiltered and the residual dye concentration determined
using a spectrophotometer (Hach Lange DR5000) atrg6. Fourier transform infrared (FTIR) analysistbé
adsorbents was done by using a Fourier transfofrared spectrophotometer (FTIR, Bruker, Germany)emg the
spectra were recorded from 400 to 4000'cm
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RESULTS AND DISCUSSION

3.1. FTIR characterization

The FTIR spectra of DFW and N-DFW are presentelign 1. As shown in the figure, after alkali modition of
DFW, a large decrease in the intensity of some raltism bands were occurred, which indicates a chdanghe
functionality of the raw material. The band at 3296 is common to both spectra and is assigned to O—H
stretching vibration. The bands at 2916 and 2849 ane attributed to C—H stretching vibration. Theréased
intensity of these bands in N-DFW spectrum indisdteat hydrogen was broadly removed during the figadion
process. The bands at 1733tand 1626 crm are assigned to C=0 axial deformation of aldehiaizone, ketone,
and carboxyl groups [16]. The remained absorptieakpat these bands for N-DFW is an indication efpiresence

of a carboxylic acid group. This means that theeestill carboxylic groups or C=0 groups which acg reacted by
NaOH solution. The band at 1031 ¢ns assigned to C-O stretching vibration.
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Fig. 1. FTIR spectra of DFW and N-DFW

3.2 Influence of pH on MB adsorption

Solution pH affects both the surface binding sitéshe adsorbent and aqueous chemisti}; [therefore it was
presumed that the sorption of methylene blue waslynaffected by solution pH. In the pH effect exipgents, 0.05
g of DFW and N-DFW were added to 100 ml of 50 miy'B and the initial pH was adjusted from 2 to 129.R2
shows the dye adsorption efficiency of DFW and NWDE&s a function of pH. Accordingly, the percentagoval
of MB by DFW and N-DFW increases with the increaspH of the dye solution. MB is a cationic dyeeté&fore it
exists in aqueous solution in the form of positveharged ions. At low pH values, the functionaugss present on
the adsorbent surface are easily protonated. Uthdeicondition, the surface of the adsorbent besopusitively
charged, and this decreases the adsorption ofygheationic species through electrostatic repul§l@&). When pH
is increased, the surface of the adsorbents is megatively charged and electrostatic repulsionveeh MB and
surface is decreased. In this condition the intemadetween the negatively charged sorbent anaaktienic dye
molecules is improved and the percentage removaliBfwould increased [19]. Several studies carried @n
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adsorption of MB from aqueous solutions by vari@asorbents have also shown that the adsorptiondifes
preferred higher solution pH values [19, 20 and &lhce the difference in the percentage increass ot very
significant for pH values ranged from 8 to 12 falther experiments were carried out at pH 8.0.
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Fig. 2. Effect of initial pH on the adsorption of MB on DFW and N-DFW (Adsorbent dose=1 g/L, initial MB concentration=50 mg/L,
solution volume=100 mL, temperature=25 °C, contadime=180 min)
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Fig. 3. Effect of contact time on the adsorption oMB on DFW and N-DFW (Adsorbent dose=1 g/L, initialMB concentration=50 mg/L,
solution volume=100 mL, temperature=25 °C, pH=8)

3.3 Effect of contact time

In order to evaluate the effect of contact timedga adsorption process, the experiments were peedat 100 ml
of 50 mg/L MB solution. The initial pH for each dgelution was set at 8. Fig. 3 shows the adsorpifoMB by
DFW and N-DFW as a function of contact time. Asrs&em the figure, the percentage removal of MBréased
with rise in contact time and reached to 75.19%hd 9% for DFW and N-DFW, respectively, after 18 wontact
time. The initial rapid adsorption may be attrilblte the presence of more binding sites for adgmmpand the
slower adsorption rates at the end is due to theratéon of the binding sites and attainment of ikguum.
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Moreover, the adsorption of dye molecules ontoetkterior surface may be a reason for rapid dyeratisn rate at
initial contact times [22]. Chowdhury et al. (20Xgve been proposed similar conclusions for adsorpf MG by
alkali-modified rice husk [17]. Since the improvemén the percentage removal of MB between 120 E8@ min
contact times were less than 1%, all the follonémgeriments were done at 120 min contact time.

3.4 Adsorption kinetics

Kinetic studies provide valuable information regagdthe limiting stage of the adsorption process, [23].
Adsorption kinetics of MB onto DFW and N-DFW weittdd to pseudo-first order and pseudo-second dddetic
models. The linear form of pseudo-first order kinegan be presented by Eq. (3):

In(ge — q;) = Inge — kqt (3

where @ (mg/g) is the dye adsorption capacity of adsorbentime (t). k (1/min) is the sorption rate constant. k
and g could be obtained from the slope and intercephefplot of In(q-q) versus t, respectively [24].

On the other hand, the linear form of pseudo-seaoddr kinetic model is expressed as follow:

R 4)

ac k248 de

where k (the pseudo-second order rate constant, g/mg.anid)g can be calculated from slopes and intercepts of
the plots of t/gagainst t, respectively [24].

As shown in Fig. 4 (a), pseudo-second order modetebdescribed the adsorption kinetics, preserfplues of
0.999 for MB sorption onto both sorbents. Additilbpathe g values calculated by the model are more comparable
to those experimentally obtained (Table 1). Thewfthe adsorption of MB on DFW and N-DFW followsetond-
order kinetics, indicating that chemical sorptiondlving valency forces through exchange or shadhglectrons
between adsorbate and adsorbent might be signifit@h

Table 1. Parameters of pseudo-first and pseudo-samborder kinetics for the adsorption of MB onto DFWand N-DFW

Pseudo-first order Pseudo second order
Sorbent Qe K 2 K 2
(mglg) | (Wmin) | R % | (g/mg.min)| R

DFW 21.91 0.029| 0.732 39.16 0.0034] 0.999
N-DFW | 18.67 0.029| 0.904 49.04 0.0054 0.999

(@) 5
4 y = 0.026x + 0.194
R? =0.999
3 - ADFW
o
= @ N-DFW
2 y = 0.020x + 0.090
R? =0.999
1 4
0 T T T 1
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Time (min)
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Fig. 4. Pseudo-second-order kinetic (a), Freundliclsotherm (b) and Langmuir isotherm (c) for adsorpton of MB on DFW and N-DFW

3.5 Effect of initial concentration on MB adsorptin

As shown in Fig. 5, initial dye concentration hddac influence on the amount of MB absorbed on D& N-
DFW. As seen from the figure, the equilibrium agigimn capacity (g of DFW and N-DFW increased from 15.9 to
112.8 mg/g and from 19.6 to 175.3 mg/g, respegtju@} increasing initial MB concentration from 20200 mg/L.

In fact, initial dye concentration produces driviimgce such as van der Waal’s force to overcomartass transfer
resistance of MB to the active sites of the adsurfi@5]. Therefore, with the increase in adsorlbaircentration,
the mass transfer driving force becomes largercdieasulting in higher MB adsorption capacity. As adsorbents
offer a finite number of surface binding siteshaher initial MB concentrations, the percentagmagal of MB
decreased and showed a saturation trend.
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Fig. 5. Effect of Initial dye concentration on theadsorption of MB on DFW and N-DFW (Adsorbent dose=1H/L, contact time=120 min,
solution volume=100 mL, temperature=25 °C, pH=8)

3.6 Adsorption isotherms

Adsorption isotherm is basically important to déserthe sorption mechanisms. Isotherm analysisdebiption
data is critical in optimizing the use of adsorlsesutd designing the sorption system [26]. In thes@nt study three
isotherm equations, namely, Langmuir, Freundliath Babinin-Radushkevich (D-R) were fitted to the esimental
data for MB adsorption onto DFW and N-DFW. The lisotn parameters are shown in Table 2.

The Langmuir isotherm model presumes monolayeruaifbrm adsorption onto a surface with a finite fenof
adsorption sites [27]. The linear form of the Langmisotherm model is given by eq. (5):

Ce _ Ce , 1

% om | bom )

where G (mg/L) is the equilibrium concentration of the adsate (MB), g (mg/g) is the equilibrium adsorption
capacity of the adsorbent,Qmaximum sorption capacity of monolayer adsorbeng/g) and b (Langmuir
constants related to rate of adsorption, L/mg)lmanbtained from the slope and intercept of thé Ipddween @Q.
and G.

The essential characteristics of the Langmuir isoth can be expressed by a dimensionless constant, i
equilibrium parameter (R [28], which is defined as
1

(6)

L™ 14bc,

where G is the highest dye concentration (mg/L). The magld of R indicates the type of the isotherm to be
either unfavorable (R> 1), linear (R = 1), favorable (0 < R< 1) or irreversible (R= 0) [29]. The values of R
were found to be 0.11 and 0.03 for the adsorptibiMB onto DFW and N-DFW, respectively. Thereforbet
adsorption of MB on both adsorbents was favorahbieuthe conditions used in this study.

The Freundlich isotherm model assumes multilaysogation on heterogeneous surface at sites withumifiorm
distribution of adsorption over the surface [3hisTisotherm can be written in the following lindarm:
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1
Ing, = InKy + ;ln C, (7)

where n and K(mg/g(1/mg)n) are Freundlich isotherm constantated to the sorption capacity and sorption
intensity, respectively, and could be determinedugh plotting Inq against InG respectively (Fig. 4 (b)). The
magnitude of n gives a measure of adsorption fdilitya The adsorption is favorable at n valuesh@gthan one
[31]. As illustrated in Table 2, the values of nr fbe adsorption of MB onto DFW and N-DFW were B5hd
1.866, respectively, representing a beneficial smnpvhich indicates favorable adsorption.

The Dubinin—Radushkevich (D-R) isotherm model assum gaussian energy distribution onto a heteragene
surface and describes the nature of sorption (phAlgir chemical) [32]. The linear form of D-R isetim is
expressed as follow:

ane:lnqm_Bgz (8)

where ¢, (mg/g) is the theoretical sorption capacity atisstion statep (kj/mol) is a constant related to energy and
g, Polanyi potential, is acquired by the followinguation [31]:

e =RTIn(1+ Ci) )

where R (kj/mol.°K) is the universal gas consta&h8{4 j/mol.°K) and T (°K) is the solution absoldénperature.
gm andp could be obtained from the intercept and slop¢hef plot of In(g) versuss®. Mean sorption energy,
E(kj/mol), which is defined as the free energy sfan of one mol of solute from infinity of the sack of the sorbent
could be derived from constafitas follow:

E= J%B (10)

The magnitude of E can give information about ffpeetof adsorption mechanism. For the values of IEX&ol, the
adsorption process is of physical nature, while falues of E between 8 to 16 kj/mol, the adsorpfiwocess
supposed to proceed through chemisorptions [33khsvn in Table 2, the magnitudes of E (0.30 aB@ kj/mol

for DFW and N-DFW, respectively) are below 8 kJ/nuolder studied conditions, indicating that the apison

nature of MB onto DFW and N-DFW is physisorption.

According to Fig. 4 (b and c), the equilibrium dataMB adsorption onto DFW and N-DFW best fitted ttee

Langmuir and Freundlich isotherms, respectivelye Titness of the adsorption data to the Freundisdtherm

implies the multilayer adsorption of MB onto hetgeaous surface of NaOH-modified DFW. Chakrabortylet
(2011) and Chowdhury et al (2011) also reported the adsorption of Crystal violet and Malachitee@r onto

NaOH-modified rice husk best fitted to the Freudldlisotherm model [17, 33].

Table 2. Langmuir, Freundlich and D-R isotherm paramneters for the adsorption of MB onto DFW and N-DFW

Sorbent Langmuir isotherm Freundlich isotherm| D-R isotherm
Qn(mg/g) | b(Umg)| R Ki n R [ Qn(mg/g) [ E(imoh| R

DFW 165.: 0.02¢ 0.997 | 6.84 | 1.543 | 0.98¢ 73.2 2.9¢ 0.802

N-DFW 215.4 0.156 0.967 3236 1.866 0.998 101.8 106.| 0.772

3.7 Effect of adsorbent dose on MB sorption

To study the effect of adsorbents dose on MB upttie experiments were performed at initial MB 6f flRg/L,

while the amount of adsorbent added was varied fddto 8 g/L. Fig. 6 shows the percentage remof/MB as a
function of adsorbent dose. At equilibrium timee thercentage removal increased from 74.64 to 95.20%n

increase in DFW dose from 0.5 to 1.0 g/L. The iaseein removal rate of the dye was due to the aserén the
available sorption surface sites. Since the remmatal were near to 100% for DFW doses of 2 to 8agd for all
the applied doses of N-DFW, the influence of adentldose on the percentage removal of MB was goifgant.
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Fig. 6. Effect of adsorbent dose on the adsorptiosf MB on DFW and N-DFW (Contact time=120 min, inital MB concentration=50 mg/L,
solution volume=100 mL, temperature=25 °C, pH=8)

3.8 Effect of NaOH on sorption capacity

According to the Langmuir isotherm, the maximum wlager adsorption of N-DFW (215.4 mg/g) was higtiem
that of DFW (165.3 mg/g). Moreover, lower equiliom parameter (B value in Langmuir isotherm and higher n
value in Freundlich isotherm in the case of MB agton onto N-DFW revealed the better adsorpticoperties of
this sorbent than those of DFW. The higher adsonptiapacity of N-DFW can be explained on the basidaOH
treatment which improved the DFW surface with negdy charge. As the adsorbent surface is negatislebrged,

the increasing electrostatic attraction betweercttimnic dye species and negatively charged adsbsould lead
to the enhanced adsorption capacity.

The adsorption capacities of DFW and N-DFW alonthwsiome other agricultural by-products for MB agision
are presented in Table 3. As can be seen, themitsocapacity of raw and modified date fruit waisteomparable
to other modified agricultural by-products. Overdhis study showed that date fruit waste, whichy mause
numerous environmental problems in dumping sites|lccbe considered as an excellent adsorbent for MB
addition, NaOH modification of this material wouldprove its adsorption properties.

Table 3. MB adsorption capacity of various modifiedagricultural by-products

Adsorbent Maximum adsorption capacity (mglg) Refees
Date fruit waste (DFW) 165.3 This wor
NaOH-modified DFW 2154 This work
NaOH-modified rejected tea 242.1 [29]
Modified wheat straw 432.8 [34]
Swede rape straw 246.4 [35]
Modified Ephedra strobilacea saw dyst 37.0 [36]

CONCLUSION

Present study evaluated the potential of raw andHNanodified date fruit waste, an agricultural byguct, in the
adsorption of MB from aqueous solution. The adsorpbf MB onto both sorbents was highly pH dependerd
was favored at high pH values. The adsorption of &fBo both sorbents followed pseudo-second-ordeetid
model. The nature of MB adsorption onto both sotbemas physical adsorption according to the Dubinin
Radushkevich (D-R) isotherm model. The resulthef study showed that date fruit waste is a higiemial in the
adsorption of MB. Moreover, alkali modification imgved the capacity of this agricultural by-product.
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