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ABSTRACT

The adsorption removal of a basic dyes, methylene blue (MB) and crystal violet (CV) on sugar
can stalks were investigated using batch adsorption technique. Different variables such as
solution pH, dye concentration and temperature were examined to optimize the methods.
Removal of both dyes was observed to be most effective at higher pH. Freundlich and Langmuir
isotherm models were applied to the equilibrium data. The results showed that Langmuir
equation fits better than the Freundlich equation. It was observed that the sugar can stalks
adsorbent showed higher adsorption capacity for CV (18.7 mg/g) than MB (9.8 mg/g). The
studies show that sugar can stalks, a waste inexpensive material, can be an alternative to other
expensive adsorbents used for dye removal in wastewater treatment.
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INTRODUCTION

Decolorization of dye contaminated effluents getegtafrom various industrial sources is of
serious concern from environmental point of viewcéwese of their toxic effects and high
biological and chemical oxygen demands. Due tor ttleémical structure, most of the dyes are
resistant to fading on exposure to light, water arahy chemicals [1]. There are many structural
varieties of dyes that fall into cationic, aniomic nonionic type. Several methods for removing
dyes from wastewater include flocculation, eledtiaition, precipitation, electrokinetic
coagulation, ion exchange, membrane filtrationctebehemical destruction, irradiation and
ozonation have been used for the removal of dydisth&kse methods have different color
removal capability, capital costs, and operatinrggaAmong these methods, adsorption process
is potential alternative to conventional treatmdathniques for the elimination of dye
contaminated effluents [2]. This process is basedtle interactions between organic or
inorganic pollutants and functional groups presenthe biosorbent structure [3]. The efficiency
of this process depends on several factors asyfhe df pollutant being studied to type of
biosorbent used as well as other environmentalnpatexrs. Different kinds of adsorbents were
used for basic dye removal from aqueous solutiarth @as biodegradable polymer [4], tree
leaves [5], wood shells [6], palm kernel fiber [¢hitosan derivatives [8], natural clay [9],
agricultural waste [10] and activated carbon [11].
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This study aimed to examirtikee use osugar can stalks as agricultural waste, for the efficie
removal of basic dyes from aqueous solutMethylene blue was used as a model for the si
Batch adsorptiorexperiment were carried out systematically in terms of proceasmeter.
such as agitation time, initidlye concentration, adsorbent dose and pH.

MATERIALSAND METHODS

1. Preparation of adsorbent and dye solutions

Sugar can stalks used in tisisidy were obtained from a local fieltear Benha city, Egy. The
raw stalks were washed several times with distileder and then dried in an oven at 80 °C
24 h, groundedh a laboratory mi and screened through a set of sieves to offine powder of
size 0.1-0.2 mmThe dried powder was stored in ar-tight container till ust

Methylene blue (MB) andrgsta violet (CV) were selected as modeat basic dyes for this
study. The chemical structis of the two dyes are given in Fig. 1.sfoclk solution of dye (250
mg L") was prepared by dissolving an accL quantity of thedye in deionized water. Oth
concentrations variedetween10 and 50 mg E were prepared from stock solut by
appropriate dilutionFresh dilutions were usefor each experimenfThe pH of the working
solutions was adjusted to thesired values with 0.1N HCI or 0.1N&OH. The pH values were
measured by using a pideter model HI 8014, Hanna Instruments (It:
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Fig. 1. Chemical structure of methylene blue (M B) and crystal violet (CV).

2. Equilibrium studies

Adsorption experiments were carried out by addiriged amount of sorbent (05 g) into 250-
ml Erlenmeyer flasks containi 50 ml of different initial concentraths 10-50 mg [}) of dye
solution. The temperature was controllec25 °C. Agitationwas provided a200 rpm 90 min.
The initial andequilibrium dye concentrations were determined bgoabanc measurement
using double beam UWas spectrophotomet (Jasco V-530Japan) at €4 nm and 586 nm for
MB and CV, respectivelylt was then computito dye concentration using standard calibra
curve. All the experiments were carried out in dupliceThe percentage removal of dyat
equilibrium, C (mg L), was calculate by:

— (1)

whereC; andC. are the initial and final (equilibrium) concentatt of dye (mg/L), respectivel
The amount of dye adsorb«e (mg/g), onto sugar can stalkgas calculated from the ma
balance equation as follows:
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Ci—Co)V
ge = L )

whereV is the volume of dye solution (L), aMdis the mass of the adsorbent used (g).
RESULTSAND DISCUSSION

1. Effect of solution pH

One of the main variables affecting the adsorptoocess is pH [12]. The effect of initial
solution pH was determined by agitating 0.05 g ugdas can stalks sorbent and 50 mL of dye
solution of initial basic dye concentration of 5Qyrh™ using water-bath shaker (30 °C) at
different solution pH ranging from 2.0 to 11.8. fgion was provided for 90 min contact time
which is sufficient to reach equilibrium with a ctant agitation speed of 200 rpm. The pH was
adjusted by adding a few drops of diluted NaOH @i.FAs shown in Fig. 2, the solution pH will
have a significant influence on dye adsorption. gkggon of the two dyes increase with
increasing solution pH. At low pH values, a rematkadecrease in the two dyes uptake was
observed whereas in the range 6.5-9.0, the uptikeeecy was significantly increased. The
decrease in the dye uptake at lower pH values meague to the protons competition with the
dye molecules for the available adsorption sitéq. [As the pH is increased, the surface charge
density on the sugar can stalks changes and tloebeag becomes negatively charged resulting
in an enhanced attraction between the positivedygdd dye molecule and the adsorbent surface.
This behavior is expected for basic dye removajl3}
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Fig. 2. Effect of pH on percent dye removal by sugar can stalks.

2. Effect of contact time

Preliminary tests were conducted to assess thacotiine necessary for each adsorption system
to reach equilibrium and, for experimental purpossch system was given a contact time in
excess of this period. To determine the equilibri@® mL of dye solution containing 50 mg' L

of MB or CV was separately mixed with 0.05 g of thésorbent at room temperature. The
resulting supernatants were analyzed at 10-min ititegvals until equilibrium was attained. The
equilibrium times for the adsorption of MB and C¥ito the sugar can stalks were found to be
about 90 min (Fig. 3).

Hence, relatively rapid equilibrium time was atwdnusing all four adsorbents. As a
consequence, subsequent adsorption experimentsalgerformed for 90 min, a period which
was assumed to be largely ample for performinghallexperiments.
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Fig. 3. Effect of contact time on percent dye removal by sugar can stalks.

4. Effect of adsorbent dose

To study the effects of adsorbent dosage on dyewvainthe pH of the dye solutions were left
without any change. The initial concentrations taf two dye solutions were 50 mg .LFig. 4
shows the effect of Sugar can stalks dosage orepertye removal. For MB and CV, the
removal efficiency increases rapidly with incregsadsorbent dosage till reach 0.15 g/50 mL.
At this dosage, the removal efficiencies were 54&% 66.5%, respectively. This increase in
adsorption with adsorbent dose can be attributedntoeased adsorbent surface area and
availability of more adsorption sites. Equilibriiime was lesser at higher adsorbent doses [16].

Dye Removal %
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Adsorbent Dose (020 mL)
Fig. 4. Effect of adsorbent dose on percent dye removal by sugar can stalks.

5. Effect of dyeinitial concentration

Kinetic experiments were carried out by agitatifigndl of dye solution of concentration ranging
from 10 to 50 mg I* with 0.05 g of sugar can stalks in a 250 ml beaie&5 °C at an optimum
pH and at a constant agitation speed of 200 rpr@amin. Samples (3.0 ml) were pipette out at
different time intervals, centrifuged and the caric&tion of dye analyzed by measuring its
absorption spectra akax The removal of dye was rapid in the initial s&g@é contact time and
gradually decreased with time until equilibrium.€eThapid is probably due to the abundant
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availability of active sites on the sugar can stalknd with the gradual occupancy of these sites,
the sorption becomes less efficient. This is inoatance with the results obtained in dye
adsorption experiments onto different types of aoksats [17-20]. The adsorption data for the
uptake of MB and CV versus dye initial concentnatime presented in Fig. 5.
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Fig. 5. Effect of initial dye concentration on percent dyeremoval by sugar can stalks.
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Fig. 6. Effect of temperature on dyeremoval by sugar can stalks.

6. Effect of temperature

A range of reaction temperatures (25, 35, 45 an8iCj5vere used and the flasks were agitated
for 90 min. A 0.05 g sample of sugar can stalks agded to 50 ml volume of dye solution set at
optimum pH and agitated at 200 rpm for all the expents. The experiments were carried out at
initial dye concentration 50 mg“Lfor all the studies. It has been believed thattémeperature
generally has two major effects on the adsorptioocgss. Increasing the temperature will
increase the rate of diffusion of the adsorbateecules across the external boundary layer and
in the internal pores of the adsorbent particlejngwto the decrease in the viscosity of the
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solution. In addition, changing the temperaturel whange the equilibrium capacity of the
adsorbent for a particular adsorbate [21]. The ezatpre dependence of MB adsorption kinetics
is shown in Fig. 6. The experimental results intlicthat the magnitude of adsorption is
proportional to the solution temperature. Resuitsixsthat the amount of MB adsorbed increased
from 18% to 24% and that of CV increased from 210748% when the temperature increased
from 25 to 55 °C. These results imply that adsorptprocess for MB and CV would be
endothermic.

7. Adsor ption | sotherms

The adsorption isotherm indicates how the adsamptimlecules distribute between the liquid
phase and the solid phase when the adsorptionggoeaches an equilibrium state. The analysis
of the isotherm data by fitting them to differesbtherm models is important to find the suitable
model [22]. Several models have been publishedhenliterature to describe the experimental
data of adsorption isotherms. The Langmuir and idkch are the most frequently employed
models. In this work, both models were used to Wascthe relationship between the amount of
dye adsorbed and its equilibrium concentration.

7.1. Langmuir isotherm

Langmuir’s isotherm model suggests that uptake rscon homogeneous surface by monolayer
sorption without interaction between sorbed molesulhe model assumes uniform energies of
adsorption onto the surface and no transmigratfoadeorbate in the plane of the surface. The
linear form of Langmuir isotherm equation is regrged by the following equation [23]:

L=t )3

de N bQ, Qo

whereqe is the amount adsorbed at equilibrium time (mgl)is the equilibrium concentration

of the adsorbate ions (mg/LQ, and b are Langmuir constants related to maximusorgton
capacity (monolayer capacity) and energy of adsmptrespectively. WheiCJ/de is plotted
againstC,, a straight line with slope @4 and intercept bQ, is obtained (Fig. 7a), which shows
that the adsorption of MB and CV follow Langmuiotiserm model. Values a®, andb were
calculated from the intercept and slope of thedinplot and are presented in Table 1. The
essential characteristics of the Langmuir equat&m be expressed in terms of a dimensionless
separation factoR_, defined as [24]:

1
L™ a+bcy)

(4)

whereC, is the highest initial solute concentratidnis the Langmuir's adsorption constant (L
mg?). TheR_ value implies the adsorption to be unfavorable¥R), linear R.=1), favorable (0
<R_ < 1) or irreversibleR = 0). Values oR_ were found to be <1 (Table 1) which confirmed
that sugar can stalks is favorable for adsorptibMB and CV under experimental conditions
used in this study.

7.2. Freundlich isotherm

The Freundlich isotherm [25] is the earliest knawlationship describing the sorption equation.
This fairly satisfactory empirical isotherm can bsed for non-ideal sorption that involves
heterogeneous sorption and is expressed by tlmwiol) equation:

qe = KpCJ'" 5) (
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The equation may be linearized by taking the Idgariof both sides:

(6)

whereKg and n are Freundlic constants, n giving an indicatiaf how favorable the adsorpti
process is anl{r (mg/g)(L/mg)1n is the adsorption capaciof the adsorbenKg can be defined
as the adsorption afistribution coefficient and represents the qugntit dye adsorbe onto
activated carbon adsorbent ia unit equilibrium concentration. Fig. ,7hows a straight line
with a slope of I and an intercept of IKr when Inge is plotted against C.. The slope 1
ranging between 0 and 1, is a mea of adsorption intensity or surface heterogendecoming
more heterogeneous as its value gets closer to[26]. Freundlich constantKg andn) were
calculated andecorded, which are listed in Table

The results suggest thaangmuir model could be applied to the adsorptibrM8 and CV,
while Freundlichmodel is applied only to CV adsorption on sugar statk. The Langmuir
isotherm fits quite well with the experimental détarrelatior coefficientR? > 0.99) for the two
dyes. A high correlation coefficienR?* > 0.98) indicated a higlpplicability of Freundlict
model for CV,whereas the low correlation coeffici (R* = 0.2 shows poor agreement

Freundlich isothermwith the experimental de for MB.

Table 1. Langmuir and Freundlich adsor ption isother ms parametersfor MB and CV adsor ption on sugar can stalks.

Dye Langmuir Isotherm Freundlich I sotherm
Qs b R R Ke | Un R

MB | 9.8 | 0.897| 0.022-0.100 0.9903 8.44 0.060.221¢
CV | 18.7| 0.325| 0.058-0.23% 0.9957 9.63 0.218.986"
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Fig. 7. Langmuir (a) and Freundlich (b) isotherm plotsof MB and CV dyes adsor ption on sugar can stalks.
CONCLUSION

The adsorption of MB and CV ontsugar can stalkss favored at high pH and high
temperaturgspecially for C\. The removal of MB and CWy adsorptio was found to be rapid
at the initial period of contact time and then sdodown with increasing reaction timThe
adsorption process was endothermic for the two.dles sorption capacities were 9.8 and
mg g* for MB and CV, respectivelySugar can stalkshich is an agricultural waste material ¢
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be used for industrial water treatment to elimidat concentrations of basic dyes as methylene
blue and crystal violet.
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