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Abstract

The colored wastewater of textile industries hagctand stable material in the environment. Severathods for removal of
synthetic dyes was investigated that adsorptionmisst effective between these methods. This studg werformed
experimentally and in laboratory scale. The adsomptapacity of dye is related to pH of solutiomstial dye concentration,
adsorbent dose and contact time. The concentratiodige were determined by UV-Vis spectrophotometés92nm. To analyze
the equilibrium data was used from the LangmuiguRdlich and Temkin isotherms models and pseudbtdinder, pseudo-
second-order and Elovich kinetics modeél$ie results indicated that the increase in adsorbese led to increasing of the
removal efficiency. According to the results, agion efficiency was increased with decreasing ldfgnd increase in reaction
time. Increasing of initial dye concentration frdf to 50 mg/L in present of 0.59/100mL of adsorbpht=4 and at contact time
of 180 min led to decrease of removal efficien@nfr96% to 93.7%. In addition, the Langmuir isothenadel had good fit with
obtained results. The adsorption kinetics followleel pseudo-second-order modehe results show that the olive kernel ash is a
natural and cheap adsorbent that can be useddaethoval of reactive blue 19 dye from textile easitter. In addition we can
utilize of this sorbent for other organic pollutant

K ey words: Desertification, surface adsorption, olive keragh, reactive blue 19 dye, isotherms, kineticgjléewastewater.

1 Introduction

The dyes are a group of complex organic materfes t
resulted of textile industry different stagdg. According
to a survey conducted in 2009, the dye productiod a
consumption in the world is seven hundred thousand
[2, 3]. The colors used in textile industry divided to amo
(acidic, direct, reactive), cationic (all basic dyeand
nonionic (dispersive dyes) groups [4[he discharge of
colored wastewaters from textile industry perforo@imto
the receiving waters caused the reduction of light
penetration and vision, eutrophication and reduoctaf
photosynthesis process in aquatic plants and adgak
finally affects on environment [5, 6]These wastewaters
have carcinogenic and mutagenic properties andcaase
allergies and skin problems [7, 8]. To reduce aalor
effluents discharged into watercourses, the govemnof
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Taiwan adopted the Effluent True Color Standard 988.
The true color discharge limit is 400 American Dye
Manufactures Institute (ADMI) units. The adopted
analytical method is the ADMI Tristimulus Filter thed

(3 wavelength (WL) method), and the 31 WL ADMI
method might be also adopted as an alternativecdor
value measurement [9].

A variety of technologies including adsorption,
chemical reduction, precipitation, coagulation, yenatic
oxidation, microbial degradation, photochemical
degradation, ozonization, rivers osmosis, ion ergeaand
membrane processes have been studied for the dye
remediation process [10-14]. Nevertheless, addition
research and broader validation are still needelce this
effluent problem for field application with costfegtive
techniques that are also environmental friendlpwbidays,
adsorption process has been proven as one of thie be
treatment technologies for the hazardous compound
removal from aqueous solution [15, 16]. In additidine
regeneration of the adsorbent may be possible with
economical operation, because adsorption is géperal
reversible. Activated carbon is the most widely duse
adsorbent for removal of dyes; however it is lithgpensive
for the field application. Therefore, environmental
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researchers are looking for new and low-cost a@sasbfor
field application with cost-effective.

Due to improper performance of the treatment uaniis
the nature of dyes, about 50% of reactive dyes)%®-2f
dispersive dyes and 1% of the pigment dyes mayobe |
directly into wastewater stream [17]. Reactive djtesre
are in a hydrolyzed state in the effluent of dythtl wash
water, a form that cannot be reused in the dyenoggss.
Due to the importance of this class of dyes, readilue 19
dye was chosen as model dye [18].

According to the international olive council, thenaal
production of olive oil in the world at the year1ZDwas
more than 3 million tons, translating to approxiehat
15 million tons of olive cakes as byproducts .Theterials
resulting from olive stones carbonization have been
successfully used as sorbents for a wide variety of
pollutants in aqueous solutions [19, 20]. The aifirthis
study is to evaluate the efficiency of olive kerash as a
new sorbent for the removal of reactive blue 19 dye

2 Materialsand Methods
2.1 Materials

Reactive Blue 19 dye (RB19) was obtained from Dye
Star Company. Other used materials were obtaineah fr
Merck Company. Properties and chemical structuréhef
RB19 dye have been presented in table 1[21].

Table 1. Basic properties of the reactive blue yé® d

Chemical
formula C2H16011N2SNay
Commercial Remazol Brilliant Blue R
name
Clas: Azo
Molecular
weight 626.5
(g/mol)
Amas 592

0 NH

//i\\_fu\v;)‘\ /‘SO;NE
|

Molecular L\V A~ r/\)
structure 0 HN

*50,CH,CH,0503Na

2.2 Preparation of biosorbent

Olive kernel were separated and then washed with
distilled water to remove impurities and surfacéhadd
particles and then dried in the sunlight. Washed/eOl
kernel transformed to ash by electric oven durifp@rs in
temperature 700 °C. After changing to the ash, rdsd
was grinding and then pulverized by ASTM standaetes
with the range of 40 to 60 meshes (0.25- 0.4 mrtighes).

2.3 Procedure and analysis

Batch adsorption studies were performed in theainit
dye concentrations of 10, 25 and 50 mg/L, adsordese
of 0.05-1.5 g/100mL, contact times of 10-180 mirl grH
of 4-10. All experiments were run twice and a good
reproducibility of the procedures was obtained. Pheof
solutions was adjusted with NaOH angS@, (0.1N) using
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pH meter Mi 151. The mixing of solution was carriedt

by mechanical shaker (INNOVA 40R, England) with 120
rpm at 20°C. After shaking, all solutions were diittd
through 0.45 ym membrane filter paper (Sartorius,
Germany) and the filtrate was analyzed. The residua
concentrations of dye in the samples were detduyedV-
Visible spectrophotometer (Optima SP-3000 Plus mode
Japan) at 592 nm [22, 23]. The amount of adsord@ti9R
dye was calculated by the difference of the initad
residual amount in the solution. The adsorptionaciyp
(ge) of RB19 dye in mg/g at time t and the percentafye
removed RB19 dye (%R) in solution were computedgsi
Eq (1) and Eq (2), respectively:

(G CY
qe M

(G —C)
Co

M

R (%) = x 100 (2)

Where G and G are the dye concentrations in mg/L
initially and at a given time t, respectively. Vtige volume
of the dye solutions in mL; M is the adsorbent dosg [3,
4].

2.4 1sotherms models for the adsorption

The results also were evaluated by various adsorpti
isotherms including the Langmuir, Freundlich andnKi
isotherms. Langmuir equation is represented inlithear
form as follows:

1 1 1
R +
Qe Qmax XbCe  qmax

3)

The essential characteristic of the Langmuir isothe
can be expressed by the dimensionless constantdcall
separation coefficient (RL) and is calculated bye th
following equation:

1

RL =177,

4

The value of separation factor (RL) indicates thture
of adsorption process. RL values indicate the tgbe
isotherm to be irreversible (RL=0), favourable (Q<R),
linear (RL=1) or unfavourable (RL>1) [21].

The Freundlich isotherm expressed by equation (5):

1
log qe = log Kf+H log C, (5)

The 1/n values indicate the type of isotherm to be
irreversible  (1/n=0), favourable (0<1/n<1), and
unfavourable (1/n>1) [21].

The Temkin isotherm equation is given as:

qe = BInA+ B InC, 6)

In these equations,.cand G, are the dye amount
adsorbed per mass of adsorbent at equilibrium géintethe
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maximum adsorption, respectively (mg/g). The efuiilim
concentration is C(mg/L), b (L/mg) is Langmuir constant
and K (mg/g) is related to the adsorption capacity and n
(g/L) is related to the intensity of adsorption the
Freundlich isotherm model. In The Temkin isotherm
equation the constant B is related to the heatebmption
(kd/mol) and A is the equilibrium binding constghfmg)
corresponding to the maximum binding energy [22-24]

2.5 Kinetic models for the adsorption

The adsorption kinetics evaluated by the pseudt-fir
order, pseudo-second-order and Elovich kinetic nsode
The pseudo-first-order reaction equation was usedHe
adsorption of liquid/solid system on the basis ofids
capacity. The pseudo-first-order kinetic expresdey
equation (7):

dq

= = k1@ —a) @)
Where @ and q (mg/g) refer to the amount of dye

adsorbed at equilibrium and at time t, respectivély

integrating of this equation, the linear relatiaps(B) is

obtained:

ln( —%):—klt (8)

In the pseudo-second-order model, adsorption falow
the second-order chemisorptions. The pseudo-seonatat-
kinetic model given as equation (9):

dq;

dar =k (qe — 90)* 9
By integrating the above equation, the linear
relationship (10) is obtained:
t 1 1
— +—t (10)

q  k2q.? g

Elovich equation is one of the most useful models f
describing activated chemisorptions. Elovich kinetiodel
can be expressed as follows:

1
qc = E
Wherea is the initial adsorption rate in (mg/g.min), and

B (g/mg) is the desorption constant related to thterg of

the surface coverage and activation energy for
chemisorptions [25-29].

In(ap) + %ln t (11)

3 Results
3.1 Adsorbent dose influence on RB19 dye removal

The removal of dye by olive kernel ash at different
adsorbent doses (0.05-1.5 g/100 mL) for the dye
concentrations 10, 25 and 50 mg/L at pH=7 is ingatd
(Figure 1). According to the results, with increasethe
adsorbent dose, removal efficiency increased. @b Iy
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increasing of adsorbent dose from 0.05 to 1.5 gtlO€or
dye concentration of 10 mg/L, dye removal reacheenf
53.6% to 98%. The removal efficiency for concernbra

of 25 and 50 mg/L was reached from 45.3% to 95.2n%
from 32.8% to 89.26%, respectively. Nevertheless,
adsorption capacity decreased from 10.27 to 0.6%gmg
(Co=10 mg/L), from 22.65 to 1.59 mg/g €25 mg/L) and
from 32.8 to 2.98 mg/g (£50 mg/L). Since that increasing
of adsorbent dose from 0.5 to 1.5 g/100 mL hak laffect

on removal efficiency, so optimum dose for other
experiments stages was considered 0.5 @g/100 m
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Figure 1. Effect of adsorbent dose on the adsormtapacity and
removal percentage of RB19 dye (a: 10 mg/L, b: 2fLimc: 50 mg/L)
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3.2 pH influence on RB19 dyeremoval

The results of the pH effect (4 to 10) on reactiae
19 dye removal by olive kernel ash, at 2@ and
concentrations of 10, 25 and 50 mg/L of RB19 dyre,
shown in Figure 2. In this stage, adsorbent dogecantact
time were 0.5 g/100mL and 24 h, respectively. Témilts
of this study showed that as the pH of solution was
decreased, the adsorption capacity) (gnd adsorption
efficiency increased.

By increasing of pH from 4 to 10, RB19 dye adsampti
capacity (removal efficiency) decreased from 2 mgg
1.74 mg/g (from 100% to 87%), 4.8 mg/g to 3.8 n{@¥gm
96% to 76%), 9.54 mg/g to 6.6 mg/g (from 95.4% 66
for dye concentrations of 10, 25 and 50 mg/L, retSpely.
The results showed that the maximum adsorption aigpa
of RB19 dye was at pH 4.

—&— C0=10 mg/L

12
—— C0=25 mg/L
10 C0=50 mg/L
.8
=y
(o))
Eg
(3]
(=3
4 m
2 = = -
0
0 2 4 6 8 10 12
pH

Figure 2. The effect of pH on the adsorption cayaafi RB19 dye

3.3 Initial concentration and contact timeinfluence on
RB19 dye removal dye

To determination of effects of contact time andiahi
dye concentrations, contact times of 10, 20, 30,960120
and 180 min were studied. In this stage, initiale dy
concentrations 10, 25 and 50 mg/L, pH =4 and adsdrb
dose of 0.5 g/100mL were considered. The obtairsdlts
presented in Figure 3.

The results of this study showed that with incregsi
reaction time, efficiency of adsorption increasethe
results show that removal efficiency for concemndrag of
10, 25 and 50 mg/L, by increasing of contact timoerf 10
to 180 min were increased from 70.2% to 96%, frckf66
to 94% and from 56% to 93.7%, respectively. Acaagdio
presented results in Figure 3, the adsorptionaxftiee blue
19 dye by olive kernel ash at 180 min reached to
equilibrium.

According to the results, adsorption capacity insesl
with increasing of dye initial concentration fror® 10 50
mg/L. adsorption capacity of dye for contact tinfel80
min and initial dye concentrations of 10 and 50lmgére
1.92 mg/g and 9.37 mg/g, respectively.
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Figure 3. Effect of initial dye concentration arehtact time on (a)
adsorption capacity and (b) removal percentageBi®dye

3.4 Adsorption isotherms of RB19 dye

The results also were evaluated by various adsorpti
isotherms including the Langmuir, Freundlich andnKi
isotherms (Figure 4 and Table 2).

According to the results, the data was not compBan
with temkin isotherm model because of the correfati
coefficients for this isotherm was not high. Thes@iption
data from the point of view correlation coefficieate had
concordance to Langmuir and Freundlich isotherms,
respectively. But according to the results thasenéed in
table 2, values of 1/n for initial dye concentrasowere
higher than 1 that confirms the adsorption of rigacil9
dye onto olive kernel ash not concordance to Frigzhnd
isotherm. The RL amounts in Langmuir isotherm for
concentrations of 10 and 25 mg/L were 0.018 an®10.0
that are lower than 1 and shows the results fithwit
Langmuir isotherm mode.
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Figure 4. Langmuir isotherm model for RB19 adsanpn olive kernel ash

3.5 Adsorption kinetics of RB19 dye

Adsorption kinetics study also was carried out vifth
pseudo-first-order, pseudo-second-order and Elovich
kinetics (Figure 5 and Table 3). The results showet
adsorption of dye onto olive kernel ash fitted witteudo-
second-order kinetic with the correlation coeffittigR?)
values higher than 0.99.

Table 2. Adsorption isotherms parameters of the
reactive blue 19 dye

Initial dye concentration

Isotherm
Constants (mg/L)
models 0 >
gm (MQ/Q) 3.21 1.364
’ b (L/mg) 5.379 38.579
Langmuir R 0.018 0.001
R? 0.966 0.98
K¢ (mg/g)(L/mg}" 2.841 1.363
Freundlich 1/n 0.98 1.117
R? 0.962 0.975
K+ (L/mg) 3.432 8.633
Temki
emkin B (mglg) 4525 2.203
)2
R 0.873 0.894
4 Discussion

4.1 Adsorbent dose influence on RB19 dye removal

Optimum adsorbent dose determined the amount of
removed dye. According to results of present stibgy
increasing adsorbent dose, removal efficiency Bs®d.
Because of the increased removal efficiency with
increasing adsorbent dose is an increase in therlzets
surface and more availability of adsorption sit2%][ The
results indicated that increasing adsorbent dose tte
decreasing of adsorption capacity. This reveals the
instantaneous and equilibrium sorption capacitieR®19
are functions of the olive kernel ash dosage [P8janeian
et al. (2011) in their study on the efficacy ofttafish bone
powder in the removal of reactive blue 19 dye codetl
that by increasing adsorbent dose, the removaiefity of
dye increases. These researches were investigated
adsorbent doses of 0.2-1 g/100ml. In their stughfinmum
adsorbent dose was determined to be 0.4g/100ml T2
adsorption of basic dye onto sepiolite, fly ash apdicot
shell activated carbon was investigated by kargozepal.
(2007). These researchers’ findings were consisteétit
the results of this study [7].
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Figure 5. Pseudo-second-order kinetic for RB19 gatmm on olive kernel
ash

4.2 pH influence on RB19 dye removal

The results indicated increasing adsorption capardit
RB19 dye with decreasing pH. The reason is the
electrostatic attraction between negatively chargges
anions and positively charged adsorbent's surfatdéow
pH, more protons are available, so electrostati@ctton
between the dye molecules and adsorbent surface is
increased and causes an increase in adsorptiortigapa
[30]. The removal of reactive blue 19 dye usingaan/oil
palm ash composite beads cross-linked studied lsaiat
al. (2008). These researchers stated that dye @isomat
acidic conditions is very higher than neutral okatihe
conditions [31]. Bayramo glu et al. (2006) in thetudy
about adsorption of reactive blue 4 dye using fungi
concluded that the removal efficiency decreasesh wit
increasing pH. In this researcher's study the maxindye
biosorption was observed at pH= 3 [30].

Table 3. Adsorption kinetics parameters of thetieac

blue 19 dye
Initial dye concentration
Kinetic models Constants (mg/L)
10 25 50

ge (mg/g) 1.77 1.707  4.599
Pseudo first -order  K; (1/min) 0.011 0.016 0.017
R? 0.961 0.980 0.992
ge (mg/g) 1.976 4902 9.901

Pseudo second-order kj(g/mg.min) 0.0731  0.02610.009
R? 0.999 0.999 0.998
o (mg/g.min) 34.004 1151 7.808
Elovich B (9/mg) 5.348 1.695 0.734
R? 0.986 0.983 0.991

4.3 Initial concentration and contact timeinfluence on
RB19 dye removal dye

The results showed that with increasing initial dye
concentration, adsorption capacity increases. Catiske
increased adsorption capacity with increasing ahitlye
concentration is probability collision and contéetween
adsorbent and adsorbate. With increasing initial
concentration of reactive blue 19 dye, the removal
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efficiency decreased due to constant of the nundfer
adsorption sites against increasing adsorbate wniekec
number which this result compliance with the firgsinof
other researchers. The results of Hassan et @8f2dudy
showed that by increasing initial RB19 dye concaidn
from 50 to 500 mg/L, the removal efficiency, decedh
[31].

The obtained results indicated that the removal
efficiency increases with time. According to theuks, the
adsorption was fast at the initial stages of thatact
period, and then it became slower near the equilibr
because large number of vacant surface sites aitalale
for adsorption during the initial stage but withpse of
contact time, the remaining vacant surface sitegidficult
to be occupied due to repulsive forces betweenstheate
molecules on the solid and bulk phases [32]. Adogrdo
results presented in Figure 3, adsorption of readilue 19
dye by olive kernel ash reached equilibrium at &@0utes.
In Ehrampoush et al. (2011) study on application of
eggshell as a biosorbent in the removal of reactde123
dye founded that with increasing contact time, gotsan
capacity increased and adsorption equilibrium reddcifter
120 min [24].

4.4 Adsorption isotherms of RB19 dye

The isotherm models are the most important
information which represents adsorption mechanism,
surface properties and described adsorption expatah
data [3, 31]. Data analysis for selection of thstlieotherm
model determined by linear regression analysis and
comparison of the correlation coefficient?R24]. The
results showed that the adsorption of reactive hlaielye
by olive kernel ash follows Langmuir isotherm. Aating
to the results of Moussavi et al. (2009) studyogotson of
reactive blue 19 and reactive red 198 dye by MgO
nanoparticles followed Langmuir isotherm 2(R9) [3].
Similar results by Xue et al. (2009) also have begorted
[33]. Tsai et al. (2009) in their study on the remoof
methylene blue dye by waste aquacultural shell gosvd
concluded that adsorption data are in accordandh wi
Langmuir and Freundlich adsorption isotherm [34].

4.5 Adsorption kinetics of RB19 dye

Kinetics models are suggested for clarify of absorp
mechanism and evaluation of adsorbent performanae t
depends on adsorbent physical and chemical prepeatid
mass transfer process. According to results ofptesent
study, adsorption data fit better with the pseuemsad
order kinetic. Hasan et al. in their study on apson of
reactive blue 19 dye using cross-linked chitos&rgalm
ash composite beads founded that the dye adsorption
kinetic had better concordance with pseudo-secadero
kinetic with the maximum correlation coefficient 13
Moussavi and Mahmoudi (2009) also achieved the same
results [3].

5 Conclusions

Textile industries wastewater containing significan
amounts of color that are often toxic, resistant to
biodegradation and persistent in the environmerttusT
eliminating color should be considered. The prestndy
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results showed that increase in pH and initial eotr@tion

of reactive blue 19 dye caused removal efficiency
decreased. While the increase in adsorbent doseanridct
time led to increase of removal efficiency. Langmui
adsorption isotherm had a better match with admwrpt
data. The results showed that the data fitted g&uqo-
second-order kinetic. According to the resultsyelkernel
ash is an appropriate and effective adsorbent far t
removal of RB19 dye. The ability of Olive kernelhaas
adsorbent in the removal of other pollutants shooéd
investigated. If this adsorbent can remove dye ms a
indicator organic pollutant, so will be able to @ral of
other organic contaminants.
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