Available online at www.scholarsresearchlibrary.com

oled Scyg
SN\,
. 12
Scholars Research Library $ ( %
= Q
Scholars Research Qo P~
Archives of Applied Science Research, 2010, 2 (502216 & v*
CcC—~—
(http://scholarsresearchlibrary.com/archive.html) Library

ISSN 0975-508X
CODEN (USA) AASRC9

The Removal of Methyl Red from Aqueous Solutions Uisg
Modified Banana Trunk Fibers

Mas Rosemal H. Mas Hari$and Kathiresan Sathasivam’
'School of Chemical Sciences, Universiti Sains Mz#gyl 1800 Minden, Penang, Malaysia

ZDepartment of Materials Science, Faculty of AppBsiences, AIMST University, Semeling
08100 Bedong, Kedah, Malaysia

ABSTRACT

Banana trunk fibers (BTF) are abundantly availalkded are usually discarded as an
agricultural waste. However, in recent times, itshased an efficient sorbent for methyl red
(MR). Here, we describe the use of modified BTRragfficient sorbent for MR. The effect of
pH, amount of adsorbent and concentrations of dusi@r were studied using modified BTF. The
sulphuric acid treated BTF showed the highest agoison capacity (K of 8.74 mg/g) in
Freundlich isotherm model.

Keywords: Sorption, Methyl red, Biotransformation, Chemicalodification, Banana trunk
fibers.

INTRODUCTION

The effluents from textile, leather, food procegsirdyeing, cosmetics, paper and dye
manufacturing industries are important sources yg g@ollution[1]. Many dyes and their
breakdown products may be toxic for living orgarssnTherefore, decolorization of dyes
becomes an important process in wastewater treatemvever, it is difficult to remove the
dyes from the effluent, because dyes are not edsidyadable and are generally not removed
from wastewater by conventional wastewater syst&ageral biological, physical and chemical
methods have been used for the treatment of indugtixtile wastewater including microbial
biodegradation, membrane filtration, oxidation amzbnation[2]. However, many of these
technologies are cost prohibitive, especially wlagplied for treating large waste streams.
Consequently, adsorption techniques seem to haventst potential for future use in industrial
wastewater treatment because of their proven effay in the removal of organic and mineral
pollutants and for economic considerati¢®l]. Activated carbon has been widely used as an

209
Scholar Research Library



K Sathasivamet al Arch. Appl. Sci. Res., 2010, 2 (5):209-216

adsorbent in wastewater treatment to remove orgamitinorganic pollutants due to its high
specific surface area, high removal efficiency aisindissolved molecules, good capagity
Nevertheless, the high cost of activated carbortridanes its disadvantages as an absorbent.
Therefore, many researchers have been search @hd stseries of materials in hope to search
low cost adsorbent to replace the activated carbberefore, it is important to develop cost
efficient adsorbents using agricultural waste. his tpaper, banana trunk fibers (BTF) were
subjected to modification by means of various knomathods (mercerization, acetylation,
peroxide treatment, stearic acid treatment andhsuip acid treatment). The adsorption capacity
of the modified fibers for a reactive textile dyeethyl red (MR) were compared with that of the
untreated BTF as reported previously by Mas Harlsaghiresan6].

MATERIALS AND METHODS

Sorbent

Banana trunks from the family dlusa acuminate x balbisiana Colla (ABB Group) cisdhg
Awak’ were obtained locally. The trunks were chopped oubes of average size of 2 cm x 2
cm. The cubes were boiled in distilled water fdralrr and then dried in an oven at 70 °C until a
constant weight. The resulting material was grodnaleng a Waring Commercials high speed
blender and sieved to obtain banana trunk fibeth@®&ize 212 -350 microns.

BTF Modification

The BTF were modified according to the methods megbin literature: (i) mercerization (BTF-
1), the fibers were immersed in 5% NaOH solution4® hr at 25C [7], (ii) acetylation (BTF-

2), the mercerized fibers were soaked in glaciatia@cid for 1 hr, separated by decantation and
then soaked in acetic anhydride containing 2 dadpsoncentrated 80, for 2 min [8], (iii)
peroxide treatment (BTF-3) , the mercerized filf83g) were immersed in 1 L of a 6% solution
of benzoyl peroxide in acetone for 30 min [8], (stearic acid treatment (BTF-4), a mixture
containing 1.0 g of the fibers, 0.2 g of stearida2 drops of concentrated ;850, in 100 mL of
n-hexane was refluxed in a Dean-Stark apparatés 4C for 6 hr [9], and (v) sulphuric acid
treatment (BTF-5), 1 : 1 weight ratio of the fibersoncentrated $}$O, was heated in a muffle
furnace for 24 h at 150 °C [10]. All resulting difs were washed ample amount of water till a
pH close to neutral was obtained.

/N (@]
N/

Figure 1: Molecular Structure of Methyl Red (MR)

Adsorbate
The molecular structure of MR is depicted in FigureA stock solution of 500 mg/L was
prepared by dissolving 0.500 g of the dye in 1 ldistilled water and filtered via Whatman filter
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paper (No. 1). The prepared stock solution was t@pped with aluminum foil and stored in a
dark to prevent exposure to direct light.

Equilibrium studies

Batch equilibrium studies were carried out by addarfixed amount of sorbent (0.20 g) into 250
mL Erlenmeyer flasks containing 50 mL of differenitial concentrations (100-500 mg/L) of
dye solution at pH 5. The flasks were agitatednnsathermal water-bath shaker at 150 rpm and
25 °C for 2 h until equilibrium was reached. Aquesamples were taken from the solutions and
the concentrations were analyzed. At time0 and at equilibrium, the dye concentrations were
measured by a by a single beam UV/vis spectrophetm(Genesys 20 Thermo Spectronic,
Krackeler Scientific, USA) at 525 nm. The amountegjuilibrium adsorptionge (mg/g), was
calculated by:

0. =(C,-C.)y, )

whereCo andCe (mg/L) are the liquid-phase concentrations of diénitial and equilibrium,
respectivelyV is the volume of the solution (L) aMiis the mass of dry sorbent used (g).

RESULTS AND DISCUSSION

Effect of pH on Dye Adsorption

The pH of the dye solution plays an important rolethe whole adsorption process and
particularly on the adsorption capacity [11]. THeees of pH on acid dye sorption have been
studied extensively and the results indicated gtatof a solution plays a significant role to
influence biosorption proceg&2-13] The effect of pH on acid dye sorption using BTErev
studied with 500 mg/L initial dye concentration lwid g/L adsorbent mass at ambient
temperature (25 - 27 °C) for 2 h equilibrium tinkeglure 3. It was observed that the uptakes
were much higher in acidic solutions than thoseeutral conditions.

120 4

—o—BTF-1
) —0— BTF-2
E —— BTF-3
o —><— BTF-4
—%— BTF-5

Figure 2: Effect of pH on the adsorption of MR ornthe modified banana trunk fibers (G, = 500
mg/L, temp. = 25 - 27 °C, stirring rate 150 rpm, cotact time 120 min and weight of fibers = 0.20)

As the pH of the system decreased, the numbergztively charged surface sites decreased and
the number of positively charged surface siteseased and this favors the adsorption of dye
anions due to electrostatic attract{@d]. A similar observation was also seen for the gutgmr
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of acid red 183 and acid green 25 onto shells ttifvb[15] and removal of acid blue 62 (AB62)
on agueous solution using calcinated colemanitevaste[16].

Effect of initial dye concentration

Initial dye concentrations provide an importantvohg force to overcome all mass transfer
resistance of dye between the aqueous and solgeph@he adsorption of MR on the sulphuric
acid treated BTF at different initial dye concetitmas is shown in Figure 3. It was observed that
increasing initial dye concentration significanthcreased the uptake of MR on the adsorbent.
These results were also in agreement with prevstugies [17-18]. It was observed that a large
amount of MR was rapidly removed by modified BTFidg the first 45 min. Subsequently, the
rate of removal of dyes slowed down gradually uthié equilibrium state. The two-stage
sorption, the first stage which is quantitativefggoominant and the second slower stage which is
guantitatively insignificant, has been extensivedported in literature [19]. The rapid stage is
attributed to the abundant availability of activiées on the biomass and with the gradual
occupancy of these sites; the sorption becomesd#gsent in the slower stage [20]. The
removal of higher dye concentrations needed longetact time than those of lower dye.

‘—0—100 Mg/L —0—200 mg/L —f— 300 mg/L —X=—400 mg/L —&— 500 mg/L \

207 A‘%aggrg

40 4 é

ge (Mg/g)

(0] 40 80 120

Time (min)

Figure 3. Effect of MR concentration on the adsorion of MR on sulphuric acid treated banana
trunk fibers (weight of fibers = 0.20 g, temp. = 25 27 °C, stirring rate 150 rpm and pH 3)

Effect of sorbent dose

The effects of sorbent dose on the removal of MRsliownFigure 4 As the sorbent dose was
increased from 0.4 to 1.2 g/l, the percentages Rfddrbed on the modified banana trunk fibers
increased. Increase in the sorption percentage Rfwith sorbent dose could be attributed to
increased sorbent surface area and availabilitgyaye sorption sites.

Adsorption Isotherms

Langmuir isotherm model assumes the uniform engrgieadsorption onto the surface and no
transmigration of adsorbate in the plane of théasef21]. The linear form of Langmuir isotherm
equation is given in equation (2).
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Co_ 1,1 )
qe Qob QO

whereC, is the equilibrium concentration of the adsorl{atg/L), ge is the amount of adsorbate
adsorbed per unit mass of adsorbent (m@dgandb are Langmuir constants related to
adsorption capacity and rate of adsorption, respgt

‘ ——BTF-1 = 0—BTF-2 =A—BTF-3 —5¢—BTF-4 —¢&—BTF-5 ‘
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Figure 4: Effect of adsorbent dose on the adsorptioof MR on the modified banana trunk
fibers (Cp = 500 mg/L, temp. = 25 - 27 °C, stirring rate 156pm and pH 3)

WhenCdqge was plotted againgi,, a straight line with slope of Q4 was obtained. The value of
Qo was determined from the Langmuir plot at the catregion range 100 to 500 mg/L (Figure
5a) and then thb value was calculated and tabulated in Table 1.edsential characteristics of
the Langmuir isotherm can be expressed in terne difnensionless constant separation factor
R_ that is given in equation (3).

1
- 3
R = Tvng, )

The values oR_ were found to be 0.598, 0.415, 0.566, 0.511an850.Gor BTF-1, BTF-2,
BTF-3, BTF-4 and BTF-5, respectively suggesting fketherm to be favorable at the
concentrations studied. The Freundlich isothemodel [22] considers a heterogeneous
adsorption surface that has unequal available witésdifferent energies of adsorption and can
be represented by equation (4).

Ing, =InK; +%(InCe) 4)
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Figure 5: Langmuir (a),Freundlich (b) and Tempkin-Pyzhev isotherm for methyl red
sorption unto the modified banana trunk fibers at anbient temperature (25 - 27 °C)
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Table 1: Langmuir, Freundlich and Temkin-Pyzhev istherm constants and correlation
coefficients for sorption of methyl red

Isotherms Modified Banana Trunk Fibers

Langmuir BTF-1| BTF-2 BTF-3] BTF4 BTF-§

Qo (Mg/g) 555.56| 322.6 400.0 384.6 384(5

b (mg/L) 0.0013| 0.0028 0.0015| 0.0019 0.0019
R? 0.989 0.976 0.996 0.995 0.944

Freundlich

K¢ (mg/qg) 0.94 2.00 0.85 1.04 8.74
n 1.33 1.45 1.12 1.13 1.20
R’ 0.999 | 0.992 0.999 0.999 0.999

Temkin-Pyzhev

A 0.05 0.06 0.05 0.05 0.42
B 40.65 27.57 36.88 38.12 48.54
R* 0.958 | 0.978 0.961 0.962 0.948

whereC, is the equilibrium concentration of the adsorl{atg/L), g is the amount of adsorbate
adsorbed per unit mass of adsorbent (md{gandn are Freundlich constants. The Freundlich
constants were derived from the slopes and intésaddog @ versus log €(Figure 5b) and are
presented in Table K; can be defined as the adsorption capacity thaesepts the quantity of
anionic dye ions adsorbed onto the fibers for & equilibrium concentration and value of 1
giving an indication of favorability of the adsaigt proces§28]. In this work, it is found thaK;,
increased in the order of BTF-3(0.85 mg/g) < BTE®DB4 mg/g) < BTF-4 (1.04 mg/g) < BTF-2
(2.00 mg/g) < BTF-5 (8.74 mg/g). Theoretically, adgent has finite number of sites and once
all these sites are occupied by adsorbed moleéutgser adsorption cannot take place. Temkin-
Pyzhev [23] considered the effects of some indirect adsmadsorbate interactions on
adsorption isotherms and suggested that becaubes# interactions the heat of adsorption of all
the molecules in the layer would decrease lineaitlh coverage. Temkin isotherm is expressed
as equation (5).

qe=%lnA+%lnCe (5)

wherein B :%

A representative plot afe versus IrCe (Figure 5c¢) enables the determination of the temtsA
andB. The constarB is related to the heat of adsorption. The congaandB together with the
R? values for the MR study are shown in Table 1. Asnsfrom the Table 1, a high regression
correlation coefficient, & was shown by the Freundlich model. This indicatieat the
Freundlich model is very suitable for describing Horption equilibrium of the dye by modified
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BTF. When the linearity of the plots of the Langmiireundlich and Temkin-Pyzhev T models
was compared, it is found that the Freundlich mdaed a better fit. Thus it is reasonable to
conclude that the adsorption of the colored sulostam the fibers that consist of heterogeneous
adsorption sites that are very similar to eachratiheespect of adsorption phenomenon.

CONCLUSION

The present work establishes that modified banamak tfibers, in particular sulphuric acid
treated is an efficient biosorbent in the removamethyl red from aqueous solutions at pH 3.
The amount of MR sorbed was above 96% over a rdraja 100 to 5000 mg/l of dye
concentration when 1.2 g/l of sorbent was used.aBartrunk fibers are very cheap, easily
available and renewable. This study revealed thiathliosorbent could be used as a tool for the
development of low-cost biomaterial-for the treattnef coloured dye.
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