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ABSTRACT

In this study, the removal of methylene blue (M dsing alginate graft-polyacrylonitrile beads wasestigated.
The effects of adsorption parameters such as Ipti§ contact time, initial dye concentration andsarbent dose
were studied. The removal efficiency of the beaas een found to be depended on pH. The experimenta
equilibrium data was successfully fitted to Langnsbtherm model with the maximum monolayer covermafg3.51

mg g'and adsorption kinetics data has been well fittg@pseudo-second-order kinetic model. The algibased
beads could be used as low-cost and eco-friendbordént for removal of trace amount of methylengekih
aqueous solution.
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INTRODUCTION

Dye wastewaters are discharged by a wide variegoafces such as paper, textiles, leather andifatubtries [1-
3]. Due their good solubility in water, the preseraf trace amount of dyes in water (<1ppm for salyes) is
highly visible and damages the aesthetic naturth@fenvironment. The release of dyes into the enwirent has
become a major threat to the ecosystems.Many ctiowah methods are being used to remove dyes from
wastewater such as adsorption, photocatalysis,atigin] coagulation, evaporation, membrane separati.
Adsorption is considered to be the most effectaghnology, because of simplicity of design and kst [4-7].
The most widely used adsorbents are activated ngd8}pclay minerals [9], and polymers [10]. Redgnthere has
been considerable interest in the use of biomdsedas substitute for conventional adsorbents padstily
biopolymers obtained from renewable sources dubdd availability, biodegradability and low costlf.Alginic
acid or its salt called alginate is a polysacchanitained from seaweed species of brown algaelf12]a linear
copolymer consisting mainly the residue @fl,4-linked-D-mannuronic acid (M-Block) and-1,4-linked-L-
guluronic acid (G-Block). The residues exist in thmm of homopolymer block (M-block, G-block) or
heteropolymer block (MG-block) [13]. The use alganto remove toxic metals as well as to recovetiptes metals
has been extensively studied [14]. The use of atgifior the removal of dyes from aqueous solutipmmiagnetic
alginate beads crosslinked with epichlorohydrin baen reported [15]. Tiwariand Kaushal reportedrdreoval of
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Rhodamine-B from aqueous solution by adsorptioro arrosslinked alginate beads [16].In the preseatlyst
alginate grafted polyacrylonitrile copolymer wasssiinked with calcium ions to form gel beads. Tleads were
then evaluated for removal methylene blue in agseoedium.

MATERIALSAND METHODS

Sodium alginate, BPO and methylene blue were fraigm&- Aldrich (USA), acrylonitrile monomer was diletd
under reduced pressure prior to use. BPO was fuptinéfied by dissolving in chloroform and precigtti¢ in excess
methanol. Methanol,DMF and acetone fromé&@RSelangor, Malaysia).All other chemical reagemtse analytical
grade and used as received.

Graft copolymerization

Inthree-necked flask (250 mL) equipped with a reftwndenser, a predetermined weight of sodium atginvas
dissolved in 100 mL distilled water. The requiredoaint of BPO dissolved in 2 mL of acetone was addedly to
the reaction flask. The mixture was stirred forh., and the selected amount of acrylonitrile \@dsled. The
reaction mixture was stirred with purged nitrogas.gThe polymerization flask was thermostat &C8@mperature
and the reaction was carried out for 4 h.. After thaction time was over, the slurry was poured methanol to
induced precipitation. The precipitate was filterdded in a vacuum oven at ®D until a constant weight and kept
in a desiccator. The graft copolymer samples thtgined were extracted for 24 h using DMF by Seihl
extraction to remove the polyacrylonitrile homopuobr. The products were dried under vacuum &C6 a
constant weight. The grafting percentage G (%) gnadting yield Y (%) were calculated using Equatidy & (2),
respectively, [17].

G (%) :WZW;IW1 x 100 (1)
Y (%) = % x 100 )
3

where W is the initial weight of sodium alginate, Ws the weight of the graft copolymer after Soxtdgtraction
and W; is the weight of methyl methacrylate.

The graft copolymer were characterized by Fouriangform infrared spectroscopy (FTIR), differenabnning
calorimetry (DSC), thermogravimetric analysis (TG&)d scanning electron microscopy (SEM). The marimu
grafting percentagewas achieved using 1% w/v ofusodilginate, 7.53 x IOM of acrylonitrile, 6.19 x 18 M of
benzoyl peroxide, reaction temperature gf@@nd reaction time of 4 h.

Beads preparation

In the preparation of alginate-grafted polyacrytidle beads, 2 g of the material was crushed swtaller particles
and then mixed with 100 mL of distilled water. Tinéture was then stirred using a mechanical statetr500 rpm,
which formedcolloidal solution. The resultant caflal solution was added dropwise into a GaGlution (0.1 molL

Y using a syringe with needle (1.2 x 38 mm) andsbletion immediately formed solid beads. The beadse

allowed to cure in the mother liquor overnight ahdreafter filtered and washed thrice with distilwater (250
mL). The beads were then dried in a vacuum ové&o°at.

Batch adsor ption experiments

Stock solution of methylene blue (1000 md)Lwas prepared by dissolving accurately weighedntityaof
methylene blue in deionized water and subsequaeilliyed with deionized water to the required corcaion.
Adsorption experiments were carried out using anilask (50 mL). A known amount of adsorbent wased
with 10 mL of methylene blue solution whose concatidn and pH were determined. After the flasksensraken
for the desired time at room temperature (298 1)2tie suspension were centrifuged, filtered amdrésidualdye
concentration in the supernatant was measured eatnthximum wavelength corresponding to the maximum
absorption for the dye solution(663.92 nm), usiticauiolet-visible spectrophotometer (LAMDA 35, Réar Elmer,
USA).The pH of the solution was adjusted by addiitger HCI (0.1M) or NaOH (0.1M).

The percentage removal (%) was calculated usingtam{3)
Percent removal (%) §°C_—Cf x 100 (3)
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where Gis the initial dye concentration (md), and Gis the residual dye concentration in the soluiogL™).

Adsor ption isotherm studies

Adsorption isotherm studies were carried out witixad initial adsorbent dose at different dye cemtcation. Dye
solution (10 mL) with the initial concentrations 8fmg L* to 10 mg L* and adjusted to optimum pH at room
temperature (298 + 2) K were stirred in 50 mL cahitasks. The supernatants were then analyzedetmsure the
concentrations of the dye. The isotherm models rangand Freundlich were used to describe the atisor of
the dye on the adsorbents. The equilibrium adsmrptapacity of the adsorbent was calculated as:

Co—Ce

amolg)= (===

M@ ) X Volume (L)(4)

where G and Gare initial and the equilibrium concentrationsdge solution, respectively (mg1). M is the mass
of the adsorbent (g) and V is the volume of solufjio)

RESULTSAND DISCUSSION

FTIR analysis was conducted to ascertain the poesef acrylonitrile peaks in the prepared ARAN. The
Spectrum of sodium alginate shown in Figure 1 ¢apaled a broad absorption band at around 3446venich is
assigned to O—H stretching vibration. The peak nleseat 1600, 1407 and 1028 ¢iis due to stretching vibrations
of COO (asymmetric), COO (symmetric) and C-O respectively. The spectrum abfinate-grafted-
polyacrylonitrile (Alg-g-PAN) (Figure 1 b) indicatethe presence of nitrile functional group €N) at absorption
band of 2243 cih Meanwhile C—H stretching vibration was observed94 cni.

% Transmitance

2243

4000 3600 3200 2800 2400 2000 1800 1600 1400 1900 1000 800 600 450.0
em?

Figure 1 Infrared spectra of (a) sodium alginate and (b) the graft copolymer (Alg-g-PAN)

Effect of initial pH

The pH of the dye solution is an important factottie adsorption processes especially on the aitsogapacity. It
influences not only the surface charge, and theesegf ionization of the functional groups of thisarbent, but
also the dye chemistry. The effect of the initill pn the dye removal percentage is shown in Fig.h2 pH of the
solution was varied from 5 to 10, the amount ofoaldent (0.1 g), dye concentration (6 mg)land contact time (40
min).The highest dye removal occurs at pH 7. Altgngossesses various functional groups such agxyldand
carboxyl groups together with long chains of polylanitrile grafted onto it. At pH 7, electrostatidtractions exist
between the negatively charged surfaces of therbest due to the functional groups and positivefharged
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cationic dye molecule. At lower pH, the number ositively charged sites on the adsorbent increagédh does
not favor the uptake of the dye due to electrastapulsion.
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Fig. 2 Effect of initial pH on methylene blue removal

Effect of initial dye concentration

The amount of dye adsorbed is highly depended erinitial dye concentration. To study the effectirgfial dye
concentration, adsorbent dose (0.1 g) was usedgiteted for 40 min,the result is shown in FigTBe maximum
percent removal occurred at 6 ppm concentratioh wiaximum percentage removal of 85.34% and theadye

decreased. This may be

due to the saturation oddserption sites on the adsorbent surface, whidltates the

possibility of the formation of monolayer coveragfeghe dye molecules at the interface of the ad=arb
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Fig. 3 Effect of initial dye concentration on methylene blue removal
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Kinetics studies
Kinetic experiment was conducted and the experiatesdita were fitted to the pseudo-first-order aséygo-
second-order kinetic models.

Pseudo-first-order kinetic model
The pseudo-first-order equation is expressed as:

Log (9. — q¢) = Log q. — (%)

e
2.303
wheregq and gare the amounts of dye adsorbed (T at equilibrium and at time t (min), respectivetyjs the
pseudo-first order rate constant (fin

Pseudo-second-order kinetic model

The pseudo-second-order kinetic model is expreased
t 1 1

—= —t(6

ac  kz qe? + e ()

where k (g mg* min™) is the rate constant of pseudo-second-ordehidfrhodel is applicable, the plot of ti@rsus
t should give a linear relationship. The pseudstfirder and pseudo-second-order rate constants@nelation
coefficients were calculated and are listed in &abl The high correlation coefficient of pseudoesetorder
kinetics suitably represented the experimental.data

Table 1K inetic parametersfor the adsor ption of M B blue onto Alg-g-PAN

Rate constants Parameters Valye

ky (min?) 0.318
Pseudo-first order | ge(mg g% 1.67

R? 0.984

ks (g mg* min?) | 0.0518
Pseudo-second ordérde. (mg g 0.83

R? 0.992

Adsorption isotherms studies

The adsorption isotherm represents the relationsbtpeen the amount adsorbed by a unit of adsoroahithe
amount of adsorbate remaining in the solution ailibgium. The Langmuir and Freundlich isothermsdals were
selected for adsorption isotherms studies. The irarigmodel is valid for monolayer adsorption angressed in
the linear form as:

Ce = _Ce + L (7)

de dmax Gmax X b

where Ce is the equilibrium concentration (mg),Lge is the amount adsorbed at equilibrium (Y per unit
weight of the adsorbent; b is the Langmuir constatating the free energy of adsorption (L Higgmax is the
maximum monolayer uptake capacity of the adsorbiém. essential characteristics of the Langmuir gadgm can
be expressed in terms of a dimensionless constdetred to as separation factor or equilibrium peeter for
predicting whether an adsorption system is faverablunfavorable. Ris calculated using the equation below:

1
RL:@ ®)
where Co is the initial dye concentration (mg) LIf R, value lies between 0 <R 1, the adsorption is favorable

The Freundlich isotherm describes the heterogensadiace energies by multilayer adsorption andkmessed in
linear form as:

Inge =In kK +ninCe 9)
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where K- indicates adsorption capacity (mg)gand n an empirical parameter related to the gitgmf adsorption,
which varies with the heterogeneity of the adsorpti

The equilibrium data fitted to Langmuir {R 0.992) model better than Freundlich model €R0.981) indicating
surface homogeneity of the adsorbent and monokaysorption. From Langmuir model, the maximum moyeia
adsorption capacity g, was found as 3.51 mg’gR,_ and b were calculated to be 0.096 and 1.88 mg L
respectively thus adsorption is favorable. The Rdéioh constant K and n were calculated to be 4.51 mband
0.83, respectively. Correlation coefficients andikiorium constants were summarized in Table 2.

Table 2 Equilibrium parameter s and coefficients of determination of MB onto Alg-g-PAN

Model Parametel Value
gmaxexpt. (mg @) | 3.51

Langmuir | gmacal. (mg g 3.79
R 0.096

b(L mg?) 1.88

R? 0.995

Freundlich | Kg 451
n 0.83

R? 0.981

CONCLUSION

Cross-linked alginate-grafted polyacrylonitrile obpner bead was prepared to selectively remove ytesib blue
dye from aqueous solution. The results indicated the copolymer beads can be used as an altexratixcost
adsorbent to remove trace amount of methyleneiblagueous solution.The optimum pH for maximum apison
was observed at 7. The kinetic data followed weéthywseudo-second-order model and Langmuir isothmdel
satisfactorily fittedthe equilibrium data.
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