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ABSTRACT

In present work, the banana pseudo-stem fiber vezsl \as an adsorbent for the removal of
harmful malachite green dye. Functional groups, pmmiogy and crystallinity of the adsorbent
have been determined using Fourier transform irdcar(FT-IR) spectroscopy,  scanning
electron microscope (SEM) and X ray diffractomg¥RD). Batch experiments were performed
to observe the effect of pH, contact time, initthle concentration, adsorbent dose and
temperature on the adsorption. The adsorption pedellowed pseudo-second order kinetics
and intra-particle diffusion rate model. Equilibriudata were fitted to Langmuir and Freundlich
isotherm models. Gibb’s free energy chang@¥9), enthalpy change1d®°) and entropy change
(4S°) indicate the nature of process. The negativeesaof1G°® and4H® show that the process
is spontaneous and exothermic, respectively. Tigative values o1S° show that the dye
molecules are organized on the adsorbent surfatessrandomly fashion than in solution.
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INTRODUCTION

The synthetic dyes are largely used in the prorehsstries like textiles, paints, pulp and paper,
carpet and printing. The release of effluents fribrese industries into water bodies causes
serious environmental problems due to persisteshtrecalcitrant nature of some of these dyes. A
number of physical and chemical treatment processiss for removal of dyes from wastewater,
viz. precipitation, coagulation/flocculation, elesglating, ion-exchange, solvent extraction,
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irradiation, photo-degradation and membrane sepatafome of these techniques have shown
to be effective, although they have limitations lsws high reagent and energy requirement,
incomplete colour removal and generation of toxiaste products that require disposal and
further treatment. Adsorption is an efficient amdmomical process used for the removal of dyes
from industrial wastewater. Dyes are broadly cfess$ias anionic, cationic, non-ionic and
zwitterionic, depending upon the presence of iehiarge on the dye [1].
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Fig. 1. Molecular structure of Malachite Green dye

Malachite green (MG) is a cationic dye of triphengthanetype that exists as a cation in
aqueous medium (Fig. 1). This dye is traditionaked for the dyeing of cotton, jute, silk, wool,
leather and as an antifungal, antibacterial and-pamasitical therapeutic agengcientific
evidences indicate that malachite green (MG) amd@ally its reduced form, leucomalachite
green (LMG), may persist in edible fish tissues éatended periods of time and the general
public may become exposed to malachite green thrdahg consumption of treated fish [2].
LMG has been reported to have mutagenic and caeinio effects. Inexpensive and more easily
available adsorbent would make the removal of petits an economically viable alternative.
Various agricultural products and by-products hlagen investigated to remove malachite green
dye from the aqueous solution such as wheat bijacdg8ee bean [4], sawdust [5], deoiled soya
[6], ginger waste [7], rice husk [8], lemon peéd], [@urian peel [10] and wood fiber [11].

Banana pseudo-stem which is clustered, cylindaggregation of leaf stalk bases [12], richer in

fibers, at present is a waste product of banan@atibn because each plant produce only one
bunch of bananas, after its harvesting the baradusstems are cut and usually left in the soll

plantation to be used as organic materials [13haBa fiber obtained from the pseudo-stem of
banana plant, is a bast fiber with relatively gmoelchanical properties [14, 15]. This could be a
new source of ligno-cellulosic fibers rich in lignihemicelluloses and cellulose; and are used for
various applications, depending on their compasiaod physical properties such as for paper
making and composite materials [16-19].

The aim of present study is to use fiber from obt@ik of banana pseudo-stem as an adsorbent
material for the removal of malachite green dyenflrequeous solution.
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EXPERIMENTAL SECTION

Adsor bent

Rolled banana leaves of pseudo-stem were choppedites of average size of 2x2 cm. The
cubes were boiled in double distilled water for MButes and then dried in an oven at 80
until a constant weight was obtained. The resutteterial was ground with commercial grinder
and sieved to isolate fibers of size 200-300u. @dwder was preserved as an adsorbent in glass
bottle.

Char acterization of adsorbent

FT-IR spectra were recorded on FTLA 2000 spectrapheter to analyze functional groups,
using potassium bromide (KBr) disc method and tleepmology of BPF was investigated by
FEI Quanta 200 scanning electron microscope opedt20 KV accelerating voltage. XRD was
performed on Rigaku D/max-2200 PC diffractometeeraped at 40 KV/40 mA, to determine
crystallinity of material using Cui radiation with wavelength of 1.54 A in the wide kng

region from 10° to 80° ont2scale.

Adsor bate

MG dye (C.l.: 42000Basic Green 4, FW: 927.02) was obtained from thecklendused without
further purification. A stock dye solution of 10@00g/L was prepared by dissolving required
amount of dye in double distilled water. The expemtal solution of desired concentration was
obtained by successive dilution of stock soluti@nnumber of standards were also prepared
from the stock solution and calibration curve wesath by measuring the absorbancé.ak 617

nm of the solution.

Adsor ption experiments

To study the effect of important parameters like peisorbent dose, agitation speed, initial dye
concentration, contact time and temperature omadserptive removal of MG, batch experiments
were conducted at 25 °C. The batch adsorption wased out in 150 ml of conical flasks by
mixing a pre-weighed amount of the BPF with 50 rthe aqueous dye solution of particular
concentration. The mixture was agitated on stiaerconstant speed, pH, contact time and
temperature. The effect of pH was studied overpiHerange of 3 to 7 which was adjusted by
adding 0.1 M HCI or 0.1 M NaOH. For the optimum ambof adsorbent per unit mass of
adsorbate, a 50 mL of dye solution was contactel diifferent amounts of BPF (0.05 to 3.5
g/L) till equilibrium was attained. The kinetics afilsorption was determined by analyzing the
removal of dye by adsorbent from the aqueous swlutit different time intervals. Adsorption
isotherm was studied by agitation of differentialiconcentration of dye with known amount of
adsorbent till equilibrium was attained. The effettemperature on the adsorption process was
investigated at 298, 308 and 318 K for differemiahdye concentrations.

After adsorption was over, the mixture was ceng@fd in laboratory centrifuge (Remi Research
Centrifuge). The dye remaining unadsorbed was ohitexd spectrophotometrically (Systronics

2203) athmax 617 nm. The amount of MG adsorbed on BPF was ledémli by the mass balance
relationship:

Qe = (Co— G) VIW (2)
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where G is the initial dye concentration (mg), Ce is the concentration of dye at equilibrium
(mgL?), V is the volume of solution (L) and W is the reas fibers (g).

RESULTSAND DISCUSSION

Char acterization of adsorbent

Infrared spectra of BPF give the information abtig functional groups present in the fibers.
Identification of characteristic peaks is basedpoavious studies of fibers. Fig. 2 shows the
adsorption at 3427 chis due to stretching of hydroxyl groups of celkgo hemicelluloses and
lignin that are present in BPF [20]. The band a2£@n' is due to the C-H stretching of
saturated carbon. The band at 1613'ésndue to C=C stretching of fibers containing iigf21].
The bands at 1363 and 1247 are assigned to C-@rstrg and O-H bending, respectively. The
bands at 1318 and 1156 are due to O-H bending a@dvibration, respectively [20]. The bands
at 1105 and 1024 are assigned to C-O-H and C-Qe@king, respectively [22].

100
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Fig. 2. Infrared spectra of banana pseudo-stem fibers
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Fig. 3. SEM micrograph of banana pseudo-stem fibers
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Fig. 4. XRD spectra of banana pseudo-stem fibers
The morphology of fibers could provide vital infaation on the adsorption between the
adsorbent and adsorbate. The SEM micrograph (Figh8ws rough texture of fibers which
indicate that surface is ideal for adsorption [20].

The XRD spectrum of BPF shows (Fig. 4) that therfsbare partially crystalline as seen by three
diffraction peaks at 13°, 22° and 28° dhstale [23].
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Fig. 5. Effect of pH on adsor ption of MG on BPF (Adsorbent dose: 2g/L; Contact time: 60 min; Temperature:
298 K).

Effect of pH

The efficiency of adsorption depends on pH of tbkitson because variation in pH leads to
change in degree of ionization and surface chafgéh® adsorbent. The effect of pH on
adsorption is shown in Fig. 5.

It is observed that the percentage removal of dgeeases from 48 to 82.6 % as the pH increases
from 3 to 7 for 10 mgL of dye solution. Further increase in pH causesatagion of dye due to
formation of soluble hydroxyl complexes [24]. There, all subsequent studies were carried out
atpH 7.

Effect of adsorbent dose

Fig. 6 shows that the adsorption increases asidoseases. Initially, the rate of adsorption was
very rapid from 0.5 to 2 g/L. This is because ghkr dose of the adsorbent, due to increased
surface area, more adsorption sites are availahlsirtg higher removal of MG. Above 2g/L of
adsorbent dose, removal of MG becomes very slowhasurface MG concentration and the
solution MG concentration come to equilibrium wihch other.
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Fig. 6. Effect of adsorbent dose on adsor ption of MG on BPF (pH: 7; Contact time: 60 min; Temperature:
298 K).

Effect of contact time and initial dye concentration

The effect of contact time and initial dye concatitm on the adsorption of dye was investigated
and is shown in Fig. 7. It depicts that maximum ogad of MG occurs within 10 min, thereafter
removal rate becomes slow and after 60 min of @brtime no change was observed which
established that the system has reached the equilibpoint. On increasing the initial
concentration of dye from 10 to 40 mg/L, adsorpidrMG on BPF decreases from 82.6 to 70
%. This shows that at higher concentration thelehei an increased competition for the active
adsorption sites which results in slowing down ddé@ption. This explains the lower adsorption
rate for higher concentration.
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Fig. 7. Effect of contact timeand initial M G concentration on the extent of adsorption (Adsorbent dose: 2g/L ;
pH: 7; Temperature: 298 K).
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Kinetics of adsor ption

The rate constants for the adsorption of MG on BRFe obtained using the pseudo-first order
(Lagergren) and pseudo-second order (Ho) kinetideiso The intra-particle diffusion model
was also considered.

Pseudo-first order kinetic model
When the adsorption is preceded by diffusion throagboundary, the kinetics in most cases
follows the pseudo-first order rate equation. Thifedential rate equation is of the form:

dg /dt =k (Ge — @) (@)

where g and @ are the amounts of dye adsorbed at time t (mg/d) arequilibrium (mg/g),
respectively andkis the pseudo-first order rate constant (inntegrating the above equation
using the boundary condition, €0 at t = 0 leads to [25]:

log (e — @) = log g— (ki/2.303) t 3)

The values of kand @ were calculated from the slopes and intercepth@finear plots of log
(ge — ) vs. t, respectively and presented in Table 1.r&he a great disagreement between
experimental and calculated values gfaig shown in Table 1. Therefore, it may be concluded
that the adsorption of MG on BPF is not followed fiseudo-first order kinetic model.

16
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Fig. 8. Pseudo-second order kinetic model for the adsor ption of MG on BPF (Adsor bent dose: 2g/L; pH: 7;
Temperature: 298 K).
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Pseudo-second order kinetic model
The pseudo-second order kinetic model [26] is prieskas:
dat /dt = ke (G — @) A (

where @ and @ are the amount of dye adsorbed at time t (mg/g) anequilibrium (mg/qg),
respectivelyand k is the pseudo-second order rate constant (g/mgrmtégrating the above
equation using the boundary conditiopz=@ at t = O leads to:

t/gp=1/k; Q6> + t/ G (5)

The values of kand @ were calculated from intercepts and slopes ofitiear plots of t/gvs. t

(Fig. 8), respectively and presented in Table bldd shows that the calculategdwglues are
very close to that of experimentally obtainedagd the values of correlation coefficient$)(Rre

closer to unity confirms that adsorption of MG oRBfollows pseudo-second order kinetics.
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Fig. 9. Intra-particle diffusion model for the adsor ption of MG on BPF (Adsorbent dose: 2g/L; pH: 7;
Temperature: 298 K).

Intra-particle diffusion model

Adsorption is multistep process involving the tf@nof solute from bulk of solution to surface
of adsorbent. Intra-particle diffusion plays an ortant role in the extent of adsorption with time
at different initial concentrations. The intra-pelg diffusion model [27] is given as:

=k %+ 1 (6)
where kis intra-particle diffusion rate constant (mg/gfnand | gives an idea about the

thickness of the layer. The values o&kd | were obtained from the slopes and intercejptise
plots of qvs. £°(Fig. 9), respectively and listed in Table 1.
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Fig. 9 shows that all the lines are not passingugi the origin and thus it can be concluded that
the surface adsorption and intra-particle diffusiooth occur simultaneously. It seems that as the
concentration of solution increases, linearity lodé plot is lost because intra-particle diffusion
occurs at a faster rate than surface adsorption.

Table 1. Kinetic parametersfor MG adsor ption on BPF

Initial dye Oe exp _PsSeudo-first order Pseudo-second order Intraepmdiffusion
concentration Ge: cal kl R2 O cal k2 R2 Ki I R2
(mg/L)

10 4.05 0.65 0.048 0.975 4.13 0.144 0.999 0.077.45@B 0.995
20 7.70 2.13 0.067 0.956 7.93 0.061 0.999 0.188.27% 0.989
30 11.10 3.38 0.056 0.951 11.56 0.029 0.999 0.343.456 0.986
40 14.0 6.22 0.06 0.982 14.84 0.017 0.999 0.613.4631 0.982

Adsor ption isother ms

Equilibrium data commonly known as adsorption igsoths, describes how adsorbates interact
with adsorbents. The most common types of isothemad.angmuir (Eg. 7) and Freundlich (Eq.
8) models. The Langmuir isotherm model is applieabd monolayer adsorption while
Freundlich isotherm model is used to describe gdior on surface having heterogeneous
energy distribution.

Langmuir isotherm: €/ge= (1/b0naxy) + (1/0nax) Ce (7)
Freundlich isothermin ge=In Kg+ (1/n) In G (8)

where G is concentration of dye solution at equilibrium (md), o is the amount of dye at
equilibrium in unit mass of adsorbent (mg)gomaxand b are the Langmuir coefficient related to
adsorption capacity (mg™y and adsorption energy. mg™), respectively. i and n are the
Freundlich coefficient related to adsorption capadmg g* (mg L ™)™ and adsorption
intensity of adsorbent, respectively.

0.9

0.8 1

0.7 H

ce/ qe
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Fig. 10. Langmuir isotherm model for adsorption of MG on BPF (Adsorbent dose: 2g/L; pH: 7;
Temperature: 298 K; Contact time: 60 min).
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Fig. 11. Freundlich isotherm model for adsorption of MG on BPF (Adsorbent dose: 2g/L; pH: 7,
Temperature: 298 K; Contact time: 60 min).

Table 2: Isotherm parametersfor MG adsor ption on BPF

Langmuir Constants Freundlich Constants
Omax b Rz KF n R2
26.518 0.092 0.997 2.663 1.468 0.998
85
| —m— 10mg/L, —@— 20mg/L
. 30mg/L, —v— 40mg/L
80 - \
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Fig. 12. Effect of temperature on the adsorption of M G on BPF (Adsorbent dose: 2g/L; pH: 7; Contact time:
60 min).

The Langmuir isotherm parametersagand b were determined from slope @& and intercept
(1/bgmay) of the plot of G /ge vs. G (Fig. 10), respectively. The plot gives a straigjhe,
indicating that adsorption of MG on BPF follows thengmuir isotherm. The values of
Freundlich constants n and-Were obtained from the slope (1/n) and intercef{) of the plot
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of In g vs. In G (Fig. 11), respectively. The plot gives a straithe and this shows that
adsorption of MG on BPF also follows the Freundhisbtherm. The Langmuir and Freundlich
isotherms constants and regression coefficientssaeel in Table 2.

Effect of temperature and ther modynamic parameters

The effect of temperature on the adsorption of MGBPF was investigated by conducting
experiments for different initial dye concentragaat 298, 308, and 318 K. Fig. 12 indicates that
on increasing the temperature percentage remowvdyeftlecreases. This shows that the process
is exothermic in nature.

The thermodynamic parameters Gibb’s free energy°}, enthalpy AH°) and entropy AS°)
were calculated using the following equations:

Log (m/Ce) = A S°/2.303R +AH°/2.303RT 9
AG® = AH® — TAS® (10)

where m is the adsorbent dose (g)LCeis concentration of dye solution at equilibrium (i,

Oe is the amount of dye at equilibrium in unit massaafsorbent (mg/g), £e is called the
adsorption affinity AH°, AS® andAG® are change in enthalpy (KJ 9] entropy (J moft K™)
and free energy (KJ md), respectively, R is the gas constant (8.314 JK)aind T is the
temperature (K). The values aH° andAS° were obtained from the slopes and interceptheof
Van't Hoff plots of log (gm/Ce) vs. 1/T, respectively, thereaftalG° values were determined
from Eqg. 10. The values of thermodynamic parameteespresented in Table 3. The negative
values ofAG° andAH®° indicate that adsorption process is spontanaadsexothermic in nature.
The negative values adfS° suggest decreased randomness during adsorption.

Table 3: Thermodynamic parametersfor MG adsor ption on BPF

Initial Dye concentration -AH° ) -AS° . AG® (kJ mol)

(mg/L) (kJ mol™) (J mol’K™) 508 K 308 K 318K

10 11.7 27.14 3.63 3.36 3.09

20 16.16 44.19 2.99 2.55 2.11

30 11.90 31.10 2.63 2.32 2.01

40 10.69 28.67 2.15 1.86 1.57
CONCLUSION

This study shows that the BPF is an effective dusarfor the removal of MG dye from aqueous
solution.The small dose of adsorbent (2"§Lwas able to remove about 80 % of MG dye within
60 min at 298 K. The rate of adsorption decreasemareasing the initial concentration of dye.
It has been found that maximum removal of dye aecurat around pH 7. The adsorption
kinetics followed pseudo-second order kinetics dantta-particle diffusion model. The
adsorption of MG dye onto the BPF followed bothnégmuir and Freundlich isotherm models.
The temperature effect is used to calculate thartbdynamic parametersG°, AH° and AS°®.
The negative values &fG° andAH® suggest the adsorption is spontaneous and exathé
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nature, respectively. The negative valuesA8F indicate decreased randomness at adsorbent-
solution interface during adsorption.
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