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Abstract

The removal of cationic methylene blue (MB) fromuaqus solutions by coconut husks/polylactide bldnde
films was studied in a batch system. Experimentsewaodeled as a function of contact time, initigked
concentration, ionic strength, adsorbent dose, éeatpre and initial solution"p Equilibrium data fitted the
Langmuir isotherm model R0.9866) with monolayer adsorption capacity=q16.34mg/g at 296K. Adsorption
kinetics followed the pseudo-second model>R9997) hence chemisorption rate limiting step waminant.
The results have shown viability of coconut husélfactide blended films for the removal of recaiant MB
from both domestic and industrial wastewaters.
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1. Introduction

Increased global growth of textile industries tedtio high volumes of dye laden wastewaters [IFBg annual
global consumption of synthetic dyes by textiletistiies is in excess of 1.0 x “Akilograms [4] with almost 1
million kilograms discharged into the aqueous emvinent [5]. Most synthetic dyes are aromatic inuret
making them physical, chemical, thermal, biologigat optical stable. Upon degradation, the dye ymrtsdare
toxic, carcinogenic and mutagenic to life formsTg,

Methylene blue is a heterocyclic aromatic catiodie widely used in the dyeing of paper, linen, itegt
bamboo and wood. It's stable and resistant to cta&ls)i physical stressors, and microorganisms. Expo®
MB causes increased heartbeat, shock, vomitingyagis, jaundice, quadriplegia and tissue necr&isHence,
the removal of MB dye from textile wastewater is@sial to protect the health of both aquatic ardestrial
ecosystems.

A variety of physical, chemical and biological treant methods have been reported [9-11]. The choice
method is limited by cost, efficiency, release e€andary effluents and simplicity in design for gi®n [12-
14]. Among the treatment methods, adsorption of hgdecules onto adsorbents such as biomass, ctays a
algae is the most preferred. It is simple, effiti@md cost effective [10-12].

Recently, blending biopolymers with agricultural sies has led to adsorbents with improved efficiency
Polylactide/spent brewery grains (SBGs) films h&een applied to remove malachite green [15]. Bleofds
polyvinyl alcohol (PVA) with scleroglucan, cellulesmicrofibers and zein and Chitosan-g-poly (acrylic
acid)/vermiculite hydrogel composites have showteptial for MB dye removal [16, 17]. In the presshidy
coconut husks/polylactide blended films preparedsdlyent-casting method using dichloromethane Hmaen
investigated for methylene blue adsorption.

Polylactide (PLA) is biodegradable aliphatic polggswith high strength, modulus thermoplastic argilg

processed [18, 19]. Decreased production cost hassified its application from biomedical to pagiag,

textile fibers and composite materials [20, 21]ergling of PLA with other biopolymers has been fouad
enhance its properties [15, 22]. Coconut husksagrieultural wastes obtained from coconut trees ghaw in

low altitude areas along warm coastlines.

2. Experimetal M ethods

2.1 Materials

Coconut husks were collected from Vuga in Kwale @guKenya. They were ground into fine powder and
washed with warm water until clean. Clean powdes s@aked in distilled water, washed thoroughly dried

to constant weight in a thermostat oven at 313K8ftwours. Dry powder was sieved into <300um partsite
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and used in subsequent studies with polylactideAjJPEqual masses of PLA and coconut husks powdee we
uniformly mixed in liquid dichloromethane. The mixé was then spread onto a thin film on a glaste @ad
dried at 313K in an oven for 8 hours. Dry films weemoved and stored. Plain PLA films were prepaned
dichloromethane as control.

Cationic methylene blue was purchased from Kobiaer8ific-Kenya (Merck Manufacturers) and used with
further purification. Experimental dye solutionsre@repared from 1000mg/L MB stock solution.

2.2 Batch Adsorption Experiments

Experiments were carried out in triplicate at 296 agitating a fixed mass of adsorbent with 50mL KB
known initial concentration and neutral pH in 250&mlenmeyer flasks on an orbital shaker presetOatsn.
Effect of contact time on adsorption was studiethgi$.125g of CH-PLA blended films with 26mg/L MB
concentration and measuring residual dye concémtravery 5 minutes atn.x = 645nm using a UV/VIS
spectrophotometer (Turner Model SP-850) for 120uteis. The same procedure was repeated with Plain PL
films as control.

Effect of initial dye concentration on adsorptioasastudied using 50mL dye of initial concentratianied from
20mg/L to 32mg/L in conjunction with 0.125g adsarband all other experimental conditions kept cantst
Adsorbent dosage was increased from 0.1g to 0.1kl MB pH was adjusted from 1.5 to 12.5 usih5M

HCl(aq, 0.05M NaOHtq and distilled water.

Effect of temperature on adsorption was studieahgugiOml of 26mg/L MB solutions and 0.125g CH-PLA
blended films. Temperature was varied from 293K28K using metabolic shaking incubator (Dubnoffgmt
at 400rpm and 25 minutes equilibration time.

Effect of salts on adsorption was studied using I2526mg/L initial MB concentrations added to sex@50ml
Erlenmeyer flasks. To each of the flask, varyingants 0.1M NaGl, and distilled water were added followed
by 0.125g of CH-PLA blended films and agitated @0/®m on an orbital shaker for 40 minutes equitibra
time.

2.3 Adsorption Isotherms

Adsorption isotherms were done at 296K where 50MmMB solutions of different initial concentratiof20-
32mg/L) were placed in a set of 250ml Erlenmeyeboudt 0.125g of adsorbent was added to each flask
containing dye solution and agitated at 300rpm mmital shaker for 60 minutes equilibration tinkResidual

dye concentration at equilibrium was measured,at = 645nm using a UV/VIS spectrophotometer (Turner
Model SP-850). The equilibrium adsorption capadyimg/g) for the adsorbent was calculated using &aua

1

_ Eo-Ce

e XV 1)

Where Gand Gare the initial and residual MB concentrations (mgéspectively while M is adsorbent weight
(g) and V is the volume of solution (L).

3. Resultsand Discussions

3.1 Effects of Contact Time

The influence of contact time on MB adsorption liwsn in figure 1. Dye uptake was rapid within iaitb
minutes due to higher number vacant adsorptios siteadsorbent surface [15, 23]. Adsorption equilib time
was 60 minutes for CH-PLA blended films and 10 rnésufor Plain PLA films. At equilibrium, the raté dye
adsorbing and desorbing from the adsorbent suifaabnost constant. Hence any increase in cotitaet has
less influence on adsorption. The amount of dyeodmtsl at the equilibrium time reflects the maximum
adsorption capacity of the specific adsorbent(mg/g), under the given operating conditions [28imilar
observations have been reported by Abdallah and,T[2B] onAspergillus fumigates. Equilibrium adsorption
capacity g for CH-PLA blended films and plain PLA films weBe74mg/g and 1.72mg/g respectively. Plain
PLA films have lower uptake of cationic MB dye muldées compared to the blended films. Chaezal., [15]
also demonstrated lower removal of cationic malacgieen dye onto Plain PLA films compared to PIBGS
blended films. Hence this indicates that Plain Pia& low affinity for cationic dyes.
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Fig1. Effect of contact time for methylene blue adsampti

3.2 Effect of Initial M ethylene Blue Concentration

The effect of initial MB dye concentration on adstiwn was investigated and the results shown iaréi2. MB
uptake increased with increasing initial dye comion. At lower MB concentration, fractional adgtion (the
ratio between the numbers of dye molecules to thmber of available actives sites) is low and adsompis
independent of initial dye concentration. On theeothand the number of dye molecules is higher when
concentration is increased resulting to a highaetfonal adsorption hence increased uptake. Géyeitak the
believed that a higher initial dye concentratioroyiles greater driving force to overcome mass fesns

resistance between the aqueous and solid surfeces lenhancing sorption process [24].
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Fig2: Effect of initial methylene blue concentration aafsorption

3.3 Effect of Initial Adsorbent Dose

Effect of adsorbent dose on adsorption was invattd) using fixed initial MB concentration at 26mgiihile

varying adsorbent dose from 0.1g to 0.175g. As showfigure 3, equilibrium adsorption capacity, (ng/g)

decreases with an increase in adsorbent dosewAadisorbent dose, surface active sites are readdgssible
by dye molecules hence higher adsorption capa®itythe hand an increase in adsorbent dose increasgzer
of surface active sites. However, overlapping ofcatent particles hinders dye molecules accessirface

active sites hence lower adsorption. Thus low dustrdose increases adsorption capacity [24].
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Fig3: Effect of initial adsorbent dose on adsorption
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3.4 Effect of lonic Strength

Wastewaters especially from textile industries aomtarying quantities of metal ions which sigrdintly affect
the adsorption process. In this study, volumes isfilléd water and 0.1M Nagl) were varied to alter the
concentration of Nag and Clagjons in solution. These ions interact with dissteiadye molecules and
compete to adsorb on adsorbent surfaces. About @688mg/L initial MB at neutral hwas used and all other
experimental conditions kept constant. After etuilim was attained, adsorption capacity of adsdres
evaluated. Figure 4 shows that increased ionicngthe lowers adsorption of MB. The decrease could be
attributed to competition for available active siteetween the cationic dye molecules and the pekitcharged
Na'aq) being introduced [26]. A higher concentration of*jgoutnumber cationic dye molecules leading to
decreased adsorption. Further smallef ydons easily access anionic sites on adsorbentcsudampared to
the larger cationic dye molecules. It's also badvncreased salt concentration expands the thiskoéthe
electrical diffused double layer between adsorisgtecies and adsorbent surface. This expansion aesre
electrostatic attraction of dye molecules to adsotisurface hence low adsorption [15].
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Fig4: Effect of ionic strength on adsorption

3.5 Effect of Initial M ethylene Blue p"

Adsorption is normally  dependent. Initial 'p affects dye stability as well as surface charisties of
adsorbents [9, 15, 27]. The adsorption processimastigated over'prange from 1.5 to 12.5. Figure 5 shows
that an increase in'fto 3.0 increases MB adsorption. This could béhatted to buildup of negative charge on
the adsorbent surface which strongly attracts #i@mic dye. At lower P, H'aqCompete with MB molecules
for adsorption onto adsorbent anionic sites heowel MB adsorption. However a$ s increased from 3.0 to
12.5 there is a reduction in MB removal. The seempdormation of NaGlqdue to displacement of G}, from
MB molecule with NaOljq decreases dye adsorption. Increasing amounts of gi@erefore increases small

Na'q) ions that compete with the cationic dye molectdesnionic sites on the adsorbent [28].
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Fig5: Effect of initial solution pH on adsor ption

3.6 Effect of Temperature

Temperature has been found to alter the rate of mgéecules, viscosity of solution media and surface
characteristics of adsorbent. The effect of tentpegaon the adsorption of MB onto CH-PLA was inigested
within temperature range of 293-323K and the resshown in figure 6. The adsorption process was
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endothermic. An increase in temperature reducesosity of solution and causes activation of adsarbe
surfaces which enhances the rate of diffusion sbatghte molecules across the external boundary &syevell
as in the internal pores of particles [29]. Theathdrmic nature on the adsorption of MB by adsotdéas also
been reported by Sajabal., [30] on oil palm empty fruit bunch fibers.
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Fig6: Effect of temperature on adsorption
3.7 Adsor ption | sotherms
Isotherm models are used to describe the relatipristtween amounts of adsorbed dye with its equilib
concentrations in solution. The Langmuir isotheequation 2) is based on the theoretical principt bnly a

monolayer exists on an adsorbent. Its linear farmritten as [31]:
Ce_ 1 G

+ 2
¢ 9mk, 9m
Main features of equation 2 are described by theedsionless separation factqr ¢tven as:
L
R.= €)
qAmk |,

Where G, @, Gn and K respectively are equilibrium dye concentration (mg/equilibrium adsorption
capacity (mg/g), Langmuir monolayer constant (mgdg)l Langmuir constant for adsorption energy (L/igg
shape of the isotherm can be described as unfaeo(&> 1), linear (R = 1), favorable (0< K 1) and
irreversible (R = 0) [32]. A plot of %against G is linear for a sorption process obeying the basithis

equation with g and K_obtained from the slope and intercept respectively

The Freundlich Isotherm assumes that dye uptakersan a heterogeneous surface by multilayer atisarp
and amount of adsorbed adsorbate increases ihfimiieh an increase in concentration. The lineanfmf the
Freundlich isotherm is presented in equation 4:[33]

logep s = 10gsp KF"’ilDELD G )
Where n and Kare number of layers and Freundlich constant reéisedc For a sorption process obeying this
model, the plot oteg,;q, againstlog, C, is linear with k- and n obtained from the intercept and slope
respectively. Values of n between 1 and 10 indieatavorable adsorption process [34] while highevKlues
indicate an easy uptake of dye from solution [35].

The isotherm parameters with regression coeffisigmmesented in table 1 were obtained from lineatspbf
Langmuir isotherm (figure 7) and Freundlich isothgffigure 8). The experimental data fits well toniganuir
isotherm model (B0.9866) compared to Freundlich isotherm modé-(R9722). Therefore adsorption process
was favorable (R= 0.0805) and occurs through a monolayer formdiipr= 16.34mg/g) on the adsorbent.
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Table 1: Langmuir and Freundlich | sotherm Parameters

Langmuir Isotherm

Freundlich Isotherm

dm (Mg/Q)

K. (L/mg)

R2

R

Ke (mg/g)

n (9/)

R2

16.34

0.7602

0.9866

0.0805

7.36

2.4765

0.9722

3.8 Adsorption Kinetics

To describe the adsorption mechanism experimeiatal was fitted to kinetic models. Adsorption kinstivas
investigated using pseudo-first-order kinetics,ugesecond-order kinetics and intra-particle diffasmodels.
The Lagergren [36] pseudo-first order kinetics mlaslpresented in equation 5 as:

K
log (9 — ) =log qq +5, -t (5)
Where @ K;and t are adsorption capacity at a given time (glgeudo-first order adsorption rate constant
(min!) and time (min) respectively. A linear plotlafz (g, — q4] against t, givesgmg/g) as intercept and;K

from slope.

The linear form of the Lagergren pseudo-secondrdtietics model described by Ho and Mckay [37§¢igen
in equation 6 as:

L t
Ezq?%, +; )

Where K is the pseudo-second order adsorption rate con@amiti'mg?). The linear plot ofql against t,

T _
q

L

enables calculation of.dmg/g) from the slope and interceps. Khe kinetic parameters for the linear plots of
pseudo-first-order (figure 9) and pseudo-seconao(figure 10) are shown in table 2. The adsorptbiMB
onto coconut husks/polylactide films follows psew#zond-order kinetics since gpare in agreement with. gy
(table 2) and higher correlation coefficient$R.9997 ). Hence the adsorption of MB through psesgtond
order kinetics implies that the rate limiting stdpring adsorption is based on chemisorption. Tloeeethe
adsorption rate was dependent on both concentratfodye molecules and surface characteristics ef th
adsorbent.
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Fig 9: Pseudo-first order kinetics model
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Fig 10: Pseudo-second order kinetics model
Table 2: Kinetic Parametersfor Adsor ption of MB dye onto Coconut Husks/Polylactide Films

Pseudo-first order Pseudo-second or der Intra-particle Diffusion
Jerexp Jercal. Ka ) R? Jercal. K% (grrli n R? Kairr. (Mg/g) | C(mg/g) R?
(mg/g) | (mg/g) | (min~) (mg/g) mg-)
10.15 4.75 0.044 | 0.9578 10.47 0.0232 0.9997 0.1855 8.24 .9428

According to Weber and Morris [38], intra-partiaé@fusion processes are normally expressed in terhitbe
square root of time. The intra-particle diffusiom@ess model is given in equation 7 as:

Gr=Eaig ¢1/7 4 C (7)
Where Ky is intra-particle diffusion rate constant (migin?) and C represents boundary layer thickness.
Intra-particle diffusion is normally a slow procepseceded by mass transport of adsorbate moledales
adsorbent surface. Mass transport resistance dmldliminated for a well agitated system. If inparticle
diffusion is rate controlling then the plot ofapainst ¥?is linear with slope giving Iy and C from intercept. If
C is close to zero then diffusion is the only ratg@ting step [39]. Higher C values indicate greatentribution
of surface sorption in rate determining step. Féglit gives the intra-particle diffusion plot for Mdisorption
onto coconut husks/polylactide blended films.
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Fig 11: Intra-particle diffusion model

Two steps characterize the adsorption process fifldianitial rapid step is correlated with the balary layer
diffusion of adsorbate. This is followed by a grabladsorption of MB molecules where intra-partidiffusion

is rate controlling. The linear curves do not pdseugh the origin hence intra-particle diffusi@annot the only
rate controlling step. Therefore more than one gss@ffects adsorption process [40-42].

The intra-particle diffusion parameters obtainethi second step adsorption process presentedlén2ahows
that the boundary layer thickness C is 8.24mg/dcatihg greater contributions of surface sorptiorthe rate
controlling step. Therefore, the adsorption of MBai multi-step process involving adsorption on eéReernal
surface and diffusion into the interior [43].

4. Conclusions

The adsorption of methylene blue was influenced dayeral operational factors such as contact time,
temperature and solution"p Adsorbent adsorption capacity at equilibrium @ased with increase in
temperature, initial dye concentration and contimee. However increased adsorbent dosage and sbr@ogth
lowers adsorption capacity of adsorbent. Maximursoagtion was found at'g3 and decreased at highét. p
The experimental data agrees well with the Langmnddel (R>0.9866). On the basis of the Langmuir model,
the monolayer adsorption capacity for the adsorbgnts 16.34mg/g at 296K. The adsorption process ¥idlo
pseudo-second kinetics model %R.9997) hence chemisorption. Thus adsorption of Mio coconut
husks/polylactide blended films is influenced bbthnumber of surface active sites on adsorbentedisas dye
concentration.

The plot of adsorption capacity, @ng/g) against'€ for intra-particle diffusion depicts a multi-lineé process.
Therefore, intra-particle diffusion was not the yomate controlling step and adsorption process ustivatep
involving adsorption on the external surface arffligiion into the interior.
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