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Abstract: Low-cost bare palm branches were prepared as arstoidr methylene blue dye from aqueous solutidre &ffect
of reaction parameters such as sorbent dose apariigle size, initial dye concentration and thedinm temperature were
investigated using a batch sorption technique. #althlly, the maximum saturated monolayer sorptiapacity of bare palm
branches for methylene blue dye was investigated.i3otherm data was well-described by the Freandlguation. Based on
the adsorption capacity, it was shown that theofisare palm branches was a promising low-costaljtire waste material for
the adsorption of dyes from aqueous solutions. tidrarameters of adsorption such as the rate @onand the intra-particle
diffusion rate constant were determined. The ppialctonclusions of the study were that the readtilaws the pseudo-second
order reaction kinetics.
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methylene blue is not considered to be a very tdyeit can
reveal very harmful effects on the living thingsrgcularly
in the case of people. After inhale symptoms sush a

total wastewater discharges. The volume of wated Usy difficulties in breathing, vomiting, diarrhea andusea can
industry in Egypt 2000 was estimated to be 6.fxgf, ©ccur in humans [6, 7]. _ _ _

which is expected to be 8.6 ¥107/year by the year 2025 As a result of the total ban on the importationestile and

[1]. Amongst the most highly polluting wastewateusces is !eather produ<_:t§ bY the Governmeqt of Egypt thexse bgen
the textle and dyeing industry which consumes darg!ncreas_ed activity in the local textile, fInIShIﬁHJId dyeing
volumes of water primarily in the dyeing and firiist industries to meet the demands for textile and weld
operations where dyes are extensively used [2]. TH¥oducts. Large volumes of wastewater are therefore
discharge of dye wastewater to receiving watersldcoudenerated during the dyeing and finishing proceseish
potentially degrade water quality and impact on hom &€ usually characterized by components high ih lbotour

health due to the toxic and carcinogenic effectsarfie dyes and organic content [2, 8]. The majority of thesesiare
[3- 5]. synthetic in nature and are usually composed omatic

rings in their structure, which makes them carcemig and
mutagenic [9], inert and non-biodegradable whenhdisgged
into waste [10]. Therefore, the treatment of suastewater
containing soluble dyes requires virtually completenoval
followed by safe disposal [11].

Sorption of coloured components from agqueous smisti
has proven to be an excellent way to treat sudbesiffs and

1. Introduction

In Egypt, industry represents a significant projportof

Methylene blue dye is a cationic dye dischargedht®
natural environment as a result of human activitiesr
instance, it is widely used in colouring paper, penary hair
colouring, dyeing cotton and wools, and coloringpaifper
stocks. The removal of such dye from any wastewiaterf
utmost importance due to the serious environmetdaiage
that can occur as a result of contact with it. Evleoaugh
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is also a cost effective technique. Several studée® shown oven until it is completely dry by reaching a camgtweight.
that numerous low-cost materials have been suadbssf Chemically, the branches after 15.9% moisture ¢untnd it
applied in the removal of dyes from aqueous safytsmme is rich in organic matter (92.99%). Ultimate anay®f
of which are peat for Basic Blue 69 and Acid Bl&[20], branches which is carbon, nitrogen, sulphur, phospars and
giant duckweed for Methylene Blue [12], Neem leafpotassium was 53.94%, 0.78%, 0.37%, 0.37% and’g.21
powder for Brilliant Green [13], rice husk for Malite respectively.

Green [14], sugar cane dust for basic dyes [186¢ fern for The Brunauer-Emmett-Teller (BET) surface analydisciv

Basic Red 13 [16], and Fuller's earth for MethyleBlie was carried using an automated adsorption apparatus

[17]. Mittal, Mittal, and Kurup [18] applied theeh feather (Micromeritics Pulse Chemisorbs 2705) shows (9. 1/ and
for Indigo Carmine removal. In addition, Bulut dt,419] 19.6 um, values) for surface area and pore diameter
used bentonite for Congo Red removal. Mittal et[20] respectively.
used activated charcoal for yellow ME 7 GL indwtidlye
effluent removal. Furthermore, carboxymethyl celfd,
polyvinyl alcohol and chemically treated rice huskmass

was used for the biosorption of Everdirect OranG&-and \yere prepared in distilled water at concentraticasging

Direct Blue-67 dyes [21]. Additionally, Mittal etl.E2]  fom 100 to 400 mg/L was used to investigate thelibgium
applied hen feather as a cheap adsorbent matesial f{iniake of dye ions at 303 K with a sorbent mass.ofg (16
wastewater effluent contaminated with Congo dyeweleer, BSS, particle size). The solution with the brancivess
it is noted from the literature there is a lackhn using of the mechanically shaken at 200 rpm and 303 K for 5 $our
bare palm branches as a cheap sorbent material. _ Thereafter, the samples were centrifuged at 400 fgyni5
The search for new, readily available and econdmicq,in tes to separate the sorbent material. Substgute
sorbents in developing countries, like Egypt, i9@ng 10 gqyilibrium concentration of the dye remaining mlusion
meet the purification needs for the large volumeteoftile a5 getermined spectrophotometrically after the ekength
industry effluents produced on a daily basis. Opssple ot the dye was determined. Moreover, three dumicitthe

suitab_le sorbent for these wastes is the use ofaldibrous samples were measured and the average was cafcitate
materials and research by Onwuka et al. [23] hasvstthat  oo-h case.

there is a considerable volume of household wastdscrop In this study, the adsorption data were analyzeidgus
residues that might be suitable. According to tlieidings, Langmuir and Freundlich adsorption isotherm modkls
over 66% of the palm kernel and its fibre are buantittle  yoqcribe the sorption equilibrium.

above 5% is used as feed for animals and over Z9bft The Langmuir isotherm is based on the assumptian th

unusgd in the_ fiellds. . L e maximum adsorption corresponds to a saturated ragepbf
This study is aimed at investigating the possiilit using g4yt molecules on the adsorbent surface. Tharlifoem of

bare palm branches, a local readily available agtwal he | angmuir isotherm is represented as follows:

waste product in Egypt, for the removal of Meth@dniue

from aqueous solution. This class of dyes is thestmo C_ 1 +i

problematic, because they tend to pass throughertional a. B Ka K _ ° @)
treatment systems unaffected. The system varigsi@snined

include: sorbent dose, initial concentration of thee, and where Ce is the equilibrium dye concentration (11, I, is
temperature. Isotherm studies for the batch exmerisn the mass of dye adsorbed per unit mass of adsofimeng"),
described below, and the development of an isothreadel, K, and a are the Langmuir constants related to the adsorpti
were undertaken. In addition, the kinetic order wasapacity and rate of adsorption, respectively.

investigated. The Freundlich isotherm model is applicable to ghhi

heterogeneous surface:

2.2. Experimental Methods

Palm fibre in contact with 25 ml of dye solution$igh

2. Materialsand M ethods

In(g.) =InK, +£InCe (2)

2.1. Experimental Materials n

where K relate to the adsorption capacity of the adsoraedt

and n is a measure of the adsorption intensity.iiagnitude

of the coefficient, 1/n, gives an indication of hdavourable

the adsorption is; values of n > 1 represent faera

aasorption conditions [10].

A simulated industrial textile wastewater was sgtittally
prepared using Methylene Blue Dyestuffd;sNsSCI.3H,0;
molecular weight: 373.9) supplied by Merck.

Bare palm branches were used as sorbent material
remove the dye. Received bare palm branches freifih
city, in the south of Egypt were first washed thably with 2.2 1. Kinetic Sudy
water to remove all foreign materials, dirt ancfibthen cut it The experimental set-up is principally consists aif
to small pieces of about 1 to 2 mm in size whichads|16 t0 8 compressor, flow meter and Perspex column (75 nsitén
BSS (according to the British standard screens B®Sh). diameter and 600 mm height) and distributor (5 titkness
The cleaned branches are dried at 383 K for 3 hiowslrying  and 1.0 mm hole diameter). The column was fillethwhe
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dye solution before each run at concentrationsingnfyom This
10 and 40 mg/L and the sorbent masses added ward Bnd
5 g (16 BSS, particle size). A gas stirring techBigvas used
to contact the sorbent and the dye solution. TRedfibed

column was connected to an air supply system winztbled

concentration of dye adsorbed increased [24].
observation of 4 hours contact time was also regotiy
Mittal et al., (2013) for Eosin dye removal onto -Diged
waste Soya adsorbent [25].

the air flow rate and temperature to be controlled. 12 ; ; ;
The kinetic studies describe the rate of adsorpdios the ; | |
time to reach equilibrium. Kinetic modelling is @isketo 1 ; ! !
optimize wastewater treatment design. Pseudodidr and sl S T
second order kinetic models were examined, in @adf, in ' ! | |
the context of methylene blue adsorption by barempa o 51 - S ]
branches. l ‘ 1
2.3. Analytical Methods R I S }
The residual dye concentrations of the samples were 02y o
measured after the reaction time using a specttopfeier 0 l l 1
(SHIMADZU-UV 1601, Model TCC-240A). : 50 100 150 200 250 300 350
time, mir

3. Resultsand Discussions , . .
Figure 1. Effect of contact time on the adsorption of dye by palm branches.

3.1. Preliminary Adsorption Studies _
3.1.2. Effect of Adsorbate Concentration and Temperature

The adsorption behaviours of methylene blue dybare
palm branches was examined in concentrations rgrfgim
100 to 400 mg/L, at a fixed sorbent of 1.00 g of B8S
particle size and 303 K. The experimental resuteal that
sorption was more favourable for the lower initidye

3.1.1. Effect of Contact time

The contact time studies were carried out to undedsthe
trend of dye adsorption over a period of time@h/L dye
concentration by taking fixed amount (1.00 g) aadiple size
(16 BSS) of the bare palm branches. Figure 1 shaived
amount of the dye adsorbed per unit mass of adsbfg¢ concentrations than the higher ones. This findindie to the
increased with increasing time before reaching aepl. increase in availability of surface active sitesuléng from
The equilibrium is achieved after a contact time ofhe increased adsorbent/adsorbate ratio [26]. Tésslt in
approximately 4 h. However, to allow some factosaflety at accordance with Gupta t al., [27] for azo dye reataising
higher dye concentrations, all the experiments veeneied TiO,, nevertheless, Mittal and Gupta [28] recorded that
out with 5 h of contact time. There was no notideab sorption of azo dye Eriochrome Black T onto bottash and
improvement in dye removal when the contact times wade-oiled soya is increased with increasing the entration
prolonged. The initial high rate of dye uptake mbg uptake.
attributed to the existence of the bare surfaceyever, the
number of available adsorption sites decreased has t

3 ‘ ‘ ‘ ‘ 3
| | | |
| | |
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Figure 2. Effect of temperature variation on the dye adsor ption
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Figure 3. Effect of sorbent material on sorption process: (a) effect of sorbent mass; (b) effect of sorbent particle size

The adsorption was studied with initial dye concatidn of

particle size on the sorption process (Fig. 3be Maximum

40 mg/L, temperatures 303, 343, 353 and 363K, usirmgprption capacity was achieved at 16 BSS partizke sThe

adsorbent mass of one g (16BSS, particle size) edgtistant
shaking (200 rpm, 5 hr) to illustrate the effect 6dmperature
on the sorption isotherm. Fig. 2 represented tloapt®on

capacity decreased with an increase in temperaflines

decrease in sorption capacity with temperatureus t the
enhancement of the desorption step in the sorptiechanism
indicating that the process is exothermic [29}.is known

that decreasing sorption capacity with increasergperature
is mainly due to the weakening of sorptive forcesieen the
active sites on the palm kernel fibre and anionie species,
and also between adjacent dye molecules on thedgtase.
The conventional mechanism of a physisorption syssethat
an increase in temperature usually increases tte ah
approach to equilibrium, but decreases the eqiukir
capacity [15]. However, this finding is not in agneent with
Mittal et al. [22] who found the reaction is endatimic in the

treatment of dyes using de-oiled soya and hen death

respectively.

3.1.3. Effect of Mass and Particle Size of Sorbent
The effect of the sorption capacity on the remouwhl

methylene bue dye was examined by varying the sbrbe

masses of 1.0, 2.0, 3.0 and 5.0 g by fixing otloeddions. It
is apparent from (Fig. 3a) that by increasing theedof the
bare palm branches, the number of sorption sitasade for
sorbent interaction is increased, thereby resuliimgthe
increased percentage dye removal from the solufidre
decrease in sorbent capacity may be attributedapthe
increase in sorbent dose at constant dye concemtrand
volume leads to unsaturation of sorption sites ;[3®)
particulate interaction such as aggregation rexyftom high
sorbent dose. Such aggregation would result incaedse in
total surface area of the sorbent and an increed#fusional
path length [30]. Those results of increasing sheption
capacity with increasing the sorbent amount in eguent with
the previous findings oMittal et al. [22] and Mittal, Jhare,
and Mittal [25].

Three different particle sizes, 16, 14 and 8 BSShare
palm branches (1.00 g of adsorbent, 40 mg/L dyetisol
concentration) were examined to investigate theceéfof

increase in the particle size may lead to unsaturaof
sorption sites and particulate interaction suclaggregation
resulting from high sorbent dose [30]. Thus, tetafface area
of the sorbent is decreased and an increase idiffasional
path length due to the decrease in available sudaea. For
larger particles, the diffusion resistance to measasfer is
high and most of the internal surface of the pkrticay not be
utilized for adsorption and so the amount of dysoabed is
relatively small. This phenomenon of increasing sbeption
capacity with decreasing the adsorbent size wagiqusly
mentioned by Mittal, Jhare, and Mittal [25] for dgerption
with de-oiled waste soya.

3.2. Adsorption I sotherms

The adsorption isotherm is the relationship betwten
amount of a substance adsorbed and its concemtriatithe
equilibrium solution at a constant temperature. Turetion
isotherm models, for example Langmuir and FreuhdJito
the adsorption study was assessed by comparing
correlation coefficients, Rvalues.

As shown in Fig. 4 Langmuir isotherm was choseshiow
the maximum adsorption capacity. The values of maxn
adsorption capacity can be obtained from the stipike plot
of Celq versus Ce. The correlation coefficient of the
Langmuir isotherm, &is 0.94. The essential characteristics of
the Langmuir isotherm can be expressed in termsa of
dimensionless constant as shown in Table 2 foremifit
conditions.

In addition, Freundlich isotherm is applied by plgg of In
ge vers us In Ce in Fig. 4 shows a straight lin¢ghva
correlation coefficient of 0.98. The constantsafd 1/n were
determined from the plot and are presented in Thble

As seen from Table 1, a high regression correlation
coefficient was shown by the Freundlich model, endlicates
that the Freundlich model was suitable for desagbthe
sorption equilibrium of dye by bare palm. Similesults were
reported for dye adsorption on powder and flakesoshn
[31].

the
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Figure 4. Isothermal curves of bare palm adsorption (1.0 mm particle size, 30 °C) (a) Langmuir (b) Freundlich
3.3. Adsorption Kinetics boundary film;

2. Solute molecules transfer from the film to the aoef of
the sorbent (external diffusion);

3. Diffusion from the surface to intra-particle sitsd

4. Interaction of solute molecules with the availatites on
the internal surface [29]

The study of the adsorption kinetics describesédbestance
to solute transfer from the solution to the bougdayer at the
solid-liquid interface to the pore water and therhte solid.

It is well known that adsorption kinetics is mainly
controlled by the following steps:

1. Solute molecules transfer from the solution to the

Table 1. Comparison of Langmuir and Freundlich constants for the dye adsor ption on bare palm branches

Adsor ption condition (mm Langmuir Freundlich

particle size, °C) Ki, (@m¥g)  a,(dm¥mg)  Omax (Mg/Q) R2 K, (dm¥g) n R?
(2.0 mm particle size, 3C) 0.041 0.0097 417 0.49 0.023 0.79 0.97
(1.2 mm particle size, 3C) 0.735 0.0051 14.30 0.13 0.069 1.11 0.95
(1.0 mm particle size, 3C) 0.129 0.0303 4277 0.94 0.182 1.41 0.98
(1.0 mm particle size, 4T) 0.137 0.3282 4185 0.95 0.193 1.43 0.98
(1.0 mm particle size, 5C) 0.146 0.0372 3.918 0.86 0.192 1.42 0.86
(1.0 mm particle size, 6) 0.167 0.0433 3.849 0.89 0.273 1.65 0.82

R% Correlation factor

Table 2. Comparison of first and second order reaction kinetic constants for the dye adsorption on the bare palm branches

Adsor ption condition Pseudo-first order kinetic model Pseudo-second order kinetic model
- — - -
P S L s L S
20 376.8 5.0 -0.008 0.3 0.0066 0.001
40 376.8 5.0 -0.009 00.6 0.0076 0.99
60 376.8 5.0 -0.008 0.6 0.0076 0.99
80 376.8 5.0 -0.005 0.3 0.0012 0.99
80 97.8 5.0 -0.008 0.2 0.0200 0.99
80 198.7 5.0 -0.020 0.8 0.0039 0.99
80 296.5 5.0 -0.008 0.5 0.0025 0.99
80 376.8 5.0 -0.01 0.3 0.0120 0.99
80 376.8 1.0 -0.008 0.6 0.0050 0.99
80 376.8 2.0 -0.009 0.9 0.0080 0.99
80 376.8 3.0 -0.009 0.6 0.0060 0.99
80 376.8 5.0 -0.008 0.3 0.0012 0.99

R? Correlation factor; K and K are first and second reaction kinetics, respegtivel
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The evolution of the adsorption process can beviad by
measuring the number of particles adsorbed per timg. [8]
Many kinetic models have been proposed for theratiso of
solutes on solids. They include, amongst otherg th
pseudo-first order kinetic model and the pseudosg¢order
model. Examination of the results presented in@&bhows
that the adsorption data fitted best to the psessgond order
rate equation since the correlation coefficientlase to one
and higher than that for the first order.

9]

Thus, this applicable to describe the adsorptiatess of [10]
the dye onto bare palm, based on assumption that th
rate-limiting step maybe chemical sorption invotyivalency [11]
forces through sharing or exchange of electronsvdxt
sorbent and sorbate, provide the best correlatiafata [10]. [12]
Similar results were reported for the adsorptionodfby
powder and flake chitosan Ahmad et al., [31].

4. Conclusions [13]

The present study demonstrated that bare palm teanc
which are abundantly available in Egypt, is ancédfit sorbent [14]

for the removal of dye in water and it may be darahtive to
more costly adsorbents such as activated carbos.bakch
studies clearly suggest that bare palm sorbenbixhalmost
100% adsorption at lower concentrations of the dyg15]
Equilibrium data fitted well with the Freundlich e, which
suggests a heterogeneous coverage of dye molemuldise
surface of the bare palm branches. Moreover, thetiki data
were best fitted to pseudo-second order kineticehod

[16]

(17]
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