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Abstract. Use of lowcost and environmental friendly sorltehasbeen studied as an ideal
alternative to the current costly methods of removéngile dyes especially methyl orandeom
wastewater. In present study, thdsorption affinityof chitosan(CS)CaCk beadstowards
anionic acid dyemethyl orangevasinvestigated by performing batch adsorption experiments.
The surface morphologgnd elemental composition dES-CaChk beads were examaad using
Field Emission Scanning Electron idvioscopy (FESEM) and Energy Dispersive Xay
SpectroscopfEDX) respectively The effects of iitial dye concentration20 to 100 mg/L),
adsorbent dosage (& g t0 0.59), contacttime (0 to 48h), andagitationspeed0 to 300 rpm)
werealsostudied 6 evaluatehe efficacy ofadsorption Adsorption isotherm data @S- CaCb
fitted well to Langmui(R? = 0.9964 isothermmodel, indicating thahomogenous adsorbent
surfaceKinetic studies shoedthat the sorption process folledpseudesecondorder rate that
involves chemisorption process, indicating tiia adorption nature of dyeon CS-CaCk
adsorbentBased on the result€S-CaCh beadscould be alternativecost effectiveadsorbers
gainingprominence as a method for the removabbionic aciddye from textile effluent. In
conclusion, this studgemonstrated probund impacbnimprovement inwater quality.

1. Introduction
In this 21st century, synthetic dyes are evidently utilized in many industries such as textile, food and
pharmaceutical. Witkheincreasing demandf textile productsenvironmental problems are erging
rapidly due to the large amounts of dye wastewater being released into the environment. From an annual
production of 700 000 tonnes of dye, an approximat&% of this amount originates from the textile
industry[1, 2]. Many harmful chemicals consongside the dyes in the effluents due to the processes
associated in the textile industry such as bleaching. The use of natural dyes ineanairtstxtile
industries are generallyon-existent due to the discovery of cheaper and higher quality syntlyetc
[3]. The chemical additivegoupled with the synthetic dyes pose a seriand harmful threat to the
ecaystem ifthey arereleased into the environment without proper treatn@nttop of thatthe dyes
are difficult to be removed from the effint due to thenitrogen component andamatic structure in
dye functional groups [4, 5].

Physical, chemical and biochemical methodologies have hsedfor the effective remowal of
synthetic dyes. These methods include membrane separation, biological degragddvanced
oxidation processand adsorptiofi6]. The synthetic dyes are complex in nature with recalcitrant and
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stable structures, thus the process of degrading these dyes in the wastesvatmmonlyusing
conventional rathods [1]Recent developmésihave indicated that the adsorption methdeverable

due to its wide availability, lower cost, as well as its recyclaHifityThe main disadvantagg using
commercialadsorbentssuch as biochaminerals and polymer compounds, is the limitagjve sites

for the adsorptionthusdecreasingheir efficiency[7]. Therefore, much researches h&een done on
utilizing and improving the efficiency of dye remdwaf biosorbents These bigorbentsare more
environmental friendly and effectiva dye adorption.Biosorption has been reported as an effective
process for optimizing color removal from dye contaminated solutibissa physiochemical process
that occurs naturally in certain biomass which allows it to passively concentrate and bind @mgamin
onto its cellular structureSince 1980s, ibsorption has been studied for sequestering of organic and
inorganic species such as heavy metals, dyes and other organic pollutants by various microorganisms
from wastewatr.

Chitosan(CS) is a biodegradabl aminepolymer obtained from deacetylation of chitin, which is
naturally found on the shells of crustaceans like shripgsyns,crabs and fishef8]. For instance,
approximately half of a prawn’s total body weight is termed as bieaste, which implieshat chitn is
naturally very abundant [9]Thus, chitosan can be a reliable and sustainable option for large scale
treatments due to its availabilitg€Sis effective in removing dyes due to the presence of its functional
groups, amino and hydroxyl groupallowing for increase in adsorption sites and therefore higher
capacity and interactions of adsorptiaith dye molecules. The degree of deacetylation primarily
determines the adsorption’s effectiveness as a high degree of it presumably results in more amino
groups, resulting in higher affinity to the dye molec|lg. The molecular structure of th&S easily
interact with alkyl, acetyl and carboxylic groups in most dyes on a molecular level through electrostatic
attraction[8]. Generally,CSis able todissolve in acidicsolutionswhile being able to reform in basic
conditions aid in the efficient removal of dyj@4]. Therefore, modifications need to be made onto the
CSto improve its characteristics asastsorbentimprovements such as higher pH gdtgband increase
in adsorption sites are beneficial to maximize the potenti@lSaHs a commercialized badsorbent.

In present paperatcium chloridgCaCb) is selectedas functionalizing agent to improtiee number
of available active sitesvhich in turn might improve the efficiency of dye adsorptionThe
functionalization of polysaccharid®ased CS using Caflias yet to be investigatddr dye removal
Ca*ions are used to protonate the Qohs that are abundantly found@s. This increases meractive
sites bo specificallyto have electrostatic interaction with methyl orangaraenicdye Since methyl
orange is an anionic dye, it can be predicted that the uptake efficiency can be increased with an increase
in protonated active sites. Theradothe functionalizedCS beadswould havebetter pH resistance and
tensile strengtlafter surface modificatiorin this case, thenmobilizationof Ca* ions onto CS beads
was predicted tamprove the adsorptioncapacity of beads towardsnionic dyes, allowing better
adsorption of the methyl orange dye. The extent of dye removal is dependent on the electrostatic
attraction forces between the protonated chitdszadswith the S@ group in anionic dyesuch as
methyl orange[13].

The abilty of newly functionalizedCS beads with CaGlin decolorizing a anionic dye,methyl
orange (MQ from the synthetic solutiowascompared and investigat@dpresent studieSystematic
sets ofexperimental worksvere carried out tstudythe adsorption apacityof CSCaCb, which turns
out to be effectively governed by tliaCk concentration, adsorbent dosage, contact time, agitation and
initial concentrations.Subsequently, studies of sorption pattern, kinetics and mechanism onto
functionalizedCS beadswere undertakerBy investigating these different parameters, the optimum
standard of condition can be simulated at large to ensure this method of removal using functionalized
CSbeads withCaCb canbe successfully adopted as a large scale and conaie used treatment for
anionic dye removal.
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2. Materials and Methods
2.1. Biosorbent CS-CaCl; Preparation

CS powderwith a deacetylation percentagehigher than 9% waspurchased from Fulltime Asia
Sdn. Bhd., MalaysiaCS solution was prepared by dissolving 4 gGf powder into196g of 0.2 M
acetic acidThe beads were formed by dropping @8 solution through a disposable plastic syringe
with a 22 G needle tip, using syringe purdd¢1000, Florida and NEL.O0O, Netherlads) operated
at8 mL/h into a bath containing00 mL of 1 M NaOH, whichwas used to crosslirtke CSdroplets
Thus, CS beads were instantaneously formed in the alkaline mediuoher constant agitaticat 200
rpm. A magnetic stirrer was used to stir the aqueous NaOH solufiba.wetCS beadsvere filtered
and thoroughlyvashedwith distilled water to removeesidual ofNaOH.CSbeads were then removed
from the distilled water anchemically functionalized in atution of CaCbk with concentration ranging
from 0.005M to 0.2 Mfor 24 h.The pH of each Caglkolution was measured and record€lde
functionalized beads weowendriedat 6(°C until their weight was constant. TB&-CaCl beadsvere
then useds adsorberfor the sorption experiments subsequently.

2.2. Adsorbate Preparation

Methyl orange (MQ, an anionicaciddye was selected as the key adsorbates in this 3ityout
further purification, MGstock solutions were prepared by dissolving accuratelghed dye sample in
distilled water at a concentration of 100@/L and other working solutions used in the experiment were
obtained by dilution. Each concentration of working dye solution was determined using a UV/VIS
spectrophotometeHACH DR600Q operating in the visible range on absorbance mode. Absorbance
values were recorded at the maximum absorbance wavelength (Amax = 464 nm) and dye solution was
initially calibrated for concentration in terms of absorbance units. A calibration curve with catioant
of dye solution ranging from 10 to 10@y/L was constructed.

2.3. Batch adsorption studies

Batch adsorption experiments were conducted by using constant mass of dried functi@#lized
CaCkbk (0.1 g) in 60 mL of MO solution with concentration of 1®@/L, unless otherwise stated. The
mixture was stirredisingan orbital shaker at 200 rpamdroom temperature (2C). After agitation for
predetermined time intervals, the sansphere withdrawn from the flasks and the dye concentration
was detemined spectrphotometrically.

Preliminary experiment was carried out by comparing the adsorption capagimddgVO uptake
betweenthe pure CS beads andunctionalized CSeadswith various concentration of CaQlanged
from 0.005M to 0.2 M. Next, the contact time needed for adsorption equilibrium was examined by
adding 0.1 g of functionalized CS beads into 60 mL of 30 mg/L MO solution for 72 hrs. At fixed period
of adsorption equilibrium, the effect of dosage of the 0.005 MCS-CaClk dried beads for MO removal
was investigated at different adsorbent doses ranging between 0.05 g and 0.5 g using 30 mg/L of MO
solution. Apart from that, the effect of agitation speed for the biosorbent/sorbate adsorption system was
studied at 0, 100, 200, and 300 rpm. On top of that, the effect of initial concentration on the adsorption
behaviour of MO onto the CS-CaCl, dried beads was investigated in the range of 2@ 100 mg/L. The
effect of each parameter was studied by fixing the values of other parameters. All the expavenent
conducted in triplicate with a control and the average value were taken for analysis.



Energy Security and Chemical Engineering Congress 10P Publishing
IOP Conf. Series: Materials Science and Engineering 736 (2020) 022049 do0i:10.1088/1757-899X/736/2/022049

2.3.1. Equilibrium and Batch Kinetic Studies.

Equation 1 was used for determination of biosorption capacity of CS-CaCl. beads at different dye
solutions at equilibrium state:

__ (ci-ce)v
qQe = — (1)

where (e is the adsorbed dye quantity per gram of CS-CaCl, beads at equilibrium (mg/g), Ci and C. are
initial and equilibrium MO concentrations in the solution (mg/L), V the solution volume (L) and W is
the adsorbent dosage (g). The parameters in kinetics studies were identical to those of equilibrium tests.
The aqueous samples were taken at preset time intervals, and the concentrations of the MO were
similarly determined. The amount of dye adsorbed at different time intervals was calculated by using
Equation (2):

_ (ci—cpv
e =— 2)

where @ is the adsorbed dye quantity per gram of CS-CaCl, beads at any time (mg/g), C; and C; are
initial and MO concentrations at time t in the solution (mg/L).

2.3.2. Langmuir and Freundlich Isotherm Model
In the present study, the Langmuir and Freundlich models were employed to study the equilibrium
data in order to observe the sorption capacity of CS-CaCl, for MO dyes at different initial dye

concentration.

Langmuir equation:

=it ) ) ©

where g is the amount of MO adsorbed at equilibrium (mg/g), gmax iS Maximum sorption capacity
corresponding to complete monolayer coverage (mg/g), and C. the equilibrium MO concentrations in
the solution (mg/L) and b is Langmuir constant related to the energy of biosorption (L/mg). A plot of
1/ge versus 1/C. for sorption of MO onto CS-CacCl, yields a straight curve of slope of 1/bgmax and
intercept of 1/Qmax.

Freundlich equation:
1
logq, =logK; + (Z) logC,, 4)

where Kt is Freundlich constant ((mg/g) (L/mg)Y") and 1/n is the Freundlich exponent (dimensionless).
A plot of log ge versus log C. for sorption of MO onto CS-CaCl; yields a straight curve of slope of 1/n
and intercept of log K.

2.3.3. Kinetic Modelling Studies

The principle behind the adsorption kinetics involves the search for a best model that well represents
the experimental data. Several kinetics models are available to understand the behaviour of the adsorbent
and also to examine the controlling mechanism of the adsorption process and to test the experimental
data. In the present investigation, the adsorption data at different initial dye concentration were analyzed
using two simplest kinetics models, pseudo-first-order and pseudo-second-order kinetics models.
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Pseudo-first-order rate equation:

k
log(qe — qr) = logqe — 35t (5)

Pseudo-second-order rate equation:

t 1 1
=L 41 6
qt ksqe? de ( )

where ¢ are the amount of MO adsorbed at time t, respectively (mg/g), ks is the pseudo-first-order rate
constant (1/h), ks is the pseudo-second-order rate constant (g/mg h), t is the contact time (h) and g¢® is
initial biosorption rate, h (mg/g h). For both kinetics models, the values of rate constant (ks, ks) and
amount of MO adsorbed at equilibrium, ge were determined from the slope and intercepts of the plot
obtained by plotting log (ge-q:) versus time t (pseudo-first-order) and t/q: versus time t (pseudo-second-
order), respectively.

2.3.4. SEM-EDX Analyses

Morphological analysis was carried out using FESEM-EDX microscope (Quanta 400 F, USA) to
identify the changes in the surfaces and structure of pure CS and functionalized CS-CaCl. beads before
and after adsorption.

3. Results and Discussion

3.1. FESEM and EDX Analysis

The suface morphology of the prepared functionalized@ECb beadsis illustrated with SEM
images(Figure 1)and EDX analysis using software controlled digital scanning electron microscope.
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Figure 1. SEM+EDX analysis ofa) pure CS bead¢b) functionalized).005 MCS
CaCtb beads(i) before and(ii) after adsorption andc) surface morphology of
functionalized 0.1 MCS-CaCl beadq(i) before andii) after adsorption
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As seen in Figure 1, the BDspectrum of G beads indicatethe presence of @y, and Obut did
not showthe characteristic signal of Ca andalimentson the surface of pureSbeads. Before MO
adsorption, the EDX spectrum weecorded fofunctionalizedCS loaded withCa and Cl ions, which
give the charateristic peak for Ca and Gt 369 keV and 2.64 keV, respectively{rhis confirms the
binding of theCaandCl ionsonto the surface of CS beads after functionalizatidre characteristic
signal ofCaandClions has been significantly reduced for funtiized CS fier MO adsorptionThis
could be explained by the formation of dye ion pairs anepain associatebetween the protonated
chitosan beads with the $@roup in anionic dyes. Thus, the spectra intensity cél€menis omitted
when theimmolhilized Ca ionsshowing electrostatic interaction wittye ionsin the collected EDX
spectroscopy imagg&igurel(b) (ii)). As seen in Figure 1(c)hesmoothintactsurface of functionalized
CS beadsbecome more porous when the functionalized solution become more acidic as CaCh
concentration increasest low pH, the acidic solution may attack the surface lajéiosorbentsvhich
inducepore formationthus affectinghe absorptivityof CS-CaCk beads.

3.2. Selection of Potential Biosorbent

The adsorption capacity of CS-CaCl, and pure CS beads are compared in Figure 2. Figure 2 reveals
that CS-CaCl; beads possessed higher sorption capacity (6.59 mg/g - 13.86 mg/g) in comparison with
pure CS beads (3.97 mg/g). This sorption capacity of 0.005M CS-CaCl, beads was almost four times
higher than pure CS-beads under identical sorption conditions. CS-CaCl, beads adsorbed anionic acid
dye more effectively, while pure CS beads showed lower affinity towards the dye. The protonated Ca?*
ions on CS-CaCl; beads induce a higher number of active sites readily available for anionic MO dye.
Furthermore, the higher affinity of CS-CaCl, beads for MO acid dye could be essentially explained by
the changes in the permeability and surface charges on CS beads after surface functionalization.
Consequently, the presence of Ca?* ions on CS beads was proven to allow them to absorb higher amount
of negatively charged dye molecules (R-SO3).
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Figure 2. Adsorption capacity ofCSandCSCaCk on removal of MCafter 72 h (V:
60 mL; Ci: 30mg/L; W: 0.1 g; T:21°C; U: 200 rpm)

3.3. Effect of CaCl; Concentration

Figure3reveasthatthe CSbeaddunctionalizedwith 0.005M CaCkshowedhe greatest adsorption
capacityof MO. ThepH of the differingCaCb solutionsalso differs, with a lowe€aCk concentration
giving a higher pH value and vice verdehus, hitial pH sturdily affectd the speciation and the
adsorption availability o€&* ions onto the surface of CS beads.
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Figure 3. Adsorption capacity of CSCaCk on removal of MO at different
functionalized concentration of CaGifter 72 h(V: 60 mL; Ci: 30mg/L; W: 0.1 g; T:
21°C; U: 200 rpm)

CS has three reactive functional groups, such aam@no ¢NH,) group, primary and secondary
hydroxyl (OH) groups.The isoelectric point (pl) o€S is defined as the specific pH where the CS has
no net charge and is of neutral stgt4]. If the pH has the same value as the pl, the CS will have net
zeroelectrostatic charge. When pl > ptthe CS beads will tend to have a net positive charge and is
more cationic in behaviour. When IpH, the CS beads will tend to have a net negative charge and is
more anionic in behavioyi4]. With an increase in pH, geotonation on th&S occurs[15]. The
decrease in phio was caused bthe addition of CaGlsalt. Thus, at lower concentration of CaGhe
hydroxyl grougs on the chitosaare prominentlyesponsible for interaction wittationandpositively
chargedgroupas pH increase€Sbeads, witha more negatively charged surfaceeate more active
sites forimmobilizing Ca* ions on CS surfaceFunctionalizationof the CS beads with €aions
becomes more effectivat higher pHand it is evidently seen withé modificatiorof CS beads i6.005
M CaCk solution(see TabléA.1 in Supplementary Data). The CS beadfunctionalizedwith the 0.005
M CacCkb solution hal the highest dye uptakd 73.78%.Ca* ions immobilized at concentration of 0.005
M allow effective electrostatic attractiomnegatively charged MO dye molecules

3.4. Effect of Contact Time

Adsorptiontime of MOacid dye removalvas investigated from determination of absorbaratee
after adsorbed using functionalize® M CS-CaCk driedbeads0.1 g of0.2 M CS-CaCl driedbeads
was mixed with 30 ppm MO solution for various intervals of contact time (Ihh32, 4h, 5 h, 24h,
and 48 h) at room temperaty21°C). As seen in Figurd, the adsorption wasapid at thefirst 5 has
theadsorbent sites were vacant and solute concentration gradient was high. As conteasfurtber
increasedthe uptake rate stadto stagnate, with a less steep gradient increaseegjtglibrium was
reached. This might due to theavailability of activebindingsites which decreadavith increasing of
contact time [16]. Despite an increase in adsorption aftdiirgies h, the minimum required time for
optimum adsorptiomasachievedafter24 h.
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3.5. Effect of Adsorbent Dosage

The amount of dye adsorbed at equilibriwasthe highest fothe lowesdosage of th8.005 M CS
CaCkb adsorbent af.05 g(14.1 mg/g and lowest fothe highesamount ofadsorbentat 0.5 g 2.35
mg/g). Figure5(b) reveasthe highest dye uptakeas recorded @4.68% by using0.5 g dosagef CS
CaCkdriedbeadsAs the dye adsorption at equilibrium accountsifeg removed per gram of adsorbent
dosage, certainly with a higher dosage, the dye adsorption at equilibrium value will be lower for a higher
adsorbent dosage val(gee Figure 5(a)With a higher dosagef the CS-CaClk beads, more MO dye
ions canbe adsorted ontothe active sites dbeads ultimately leading to a highelye uptakeSimilar
observationsvere reportedin previous studiesl]/]. Neverthelesswith the increasing of sorbetu-
solution ratiothe sorption capacity of available adsorbents was not fully utilized at higher dosage. Thus,
addition of CS-CaCl driedbeaddid not bring significant increase in adsorption tendency of adsorbate
moleculesA further analysis of studying more than @.5f beadscould be considered faomaximum
dose beyond which no further beneficial eff@asseen.
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Figure 5. Effect of 0.005 M CSCaCb adsorbent dosage i) amount of MO
adsorbed at edjibrium and (b)amountof MO uptakeafter 72 h(V: 60 mL; Ci: 30
mg/L; T: 21°C; U: 200 rpm)
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3.6. Effect of Agitation Speed

Figure6illustrates the sorption capacity@005M CSCaCk beads at different agitation speé&tie
most optimum agitation speadhsat 200 rpmas ityieldedthe highest dye sorptiarapacity 0f9.88

mg/g.

9.88

P
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6.73
5.69

Amount of Dye Adsorbed at Equlibrium,
q. (mg/g)

0 - t —
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2

.
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Figure 6. Effect of agitation on amount of MO adsorbbg CSCaCl beads
functionalized with 0.005 M Caghfter 72 h(V: 60 mL; Ci: 30mg/L; W: 0.1 g; T:
21°C)

Even though it may seem that with a higher agitation speed, it will result in a higher degree of
collisions between the dye molecules and active sites, the dye adsat@@ihrpm stagnates at only
7.09 mg/g. The adsorption value steadily increasesingtieasing speed from 0 rpm to 100 rpm and it
finally reaches maximum adsorpti@apacityat 200 rpm. Therefore, it can be theorized that after a
certain speed change, which in this case is any speed after 200 rpm, any agitation speed higher than that
would decrease the adsorption uptake. The speed induced would be too fast to allow effective adsorption
of the dyes onto the active sites beads to occur. An overly fast agitation speed would hinder and disturb
the adsorption process, thus explaining the loadsorption value obtained at 300 rpm. For speed
increase from O rpm to 200 rpm, the steady increase in the adsorption levels is due to the enhanced bulk
diffusion of the MO dye molecules. In this case, the higher the agitation speed, the thicknessarf/bound
layer surrounding the chitos&@aChb adsorbent decrease, therefore resulting in an accelerated dye
adsorption procespl8]. This implies that there is an optimum agitation speed for successful dye
removal.

3.7. Effect of Initial MO Dye Concentrations

Figure 7 shows thee value and dye uptake for MO respectively, with 90 ppm having the highest
recordedye value at 6.99 and 30 ppm having highest dye uptake at 62.94 %. The trendjtoraives
gradually increases from 10 ppm to 90 ppm, confirming that with an increase in the initial dye
concentration, mass transfer is now more likely to occur due to the increase in dye molecules [19]. The
increase in mass transfer would ultimately resukn increase with adsorption of the dye molecules
onto the0.005M CS-CaCl driedbeads. As for the dye uptake results, it increases from 10 ppm to 30
ppm, achieving peak dye uptake at initial concentration of 30 ppm, however it decreases once dye
concentration increases from 50 ppm to 90 ppm. Aligning with ¢heesults obtained, it can be
concluded that the sorption capacity will be higher with an increase in the initial dye concentration, but
the capacity plateaus decreases once the active sitbe @5CaChk beads are saturated [2d]his
indicates that the sorption site of adsorbents has reached saturationHighgreamount of MO dye
moleculego be absorbedt50 ppm and 90 ppm
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3.8. Biosorption Isotherm

Langmuir and Freundlich isotherms parameters for the adsorptid@adiyes studied ont6SCaCb
beadsare displayed in Tablg In present studiess seen in Tablg, the sorption of MO by CS-CaCb
beads are welkonforms tdboth Langmuirand Freundlich isotherm modé&lowever,Langmuir model
was beter fitted thanFreundlich model and show strong positive correlations, indicating that
homogeneous distribution of active sites on@&CaCk beads’ surface. Thus,the higher correlation
coefficientvalues(R?~0.996) strongly implghe MO dye adsorption closely folls Langmuir isotherm
models under the present experimental conditions.

Table 1. Langmuir and Freundlich constants for MO adsorption using linear regressive analysis

Isotherm Parameters
. b (L/mg) Gmax (MQ/Q) R?
Langmuir 0.0024 44.8430 0.9964
. K: (mg/g)(L/mg)™™" 1/n R?
Freundlich 0.1465 0.8744 0.9859

3.9. Kinetic Modelling Studies

The constant of pseudo-first-order and pseudo-second order models were shown in Table 2. The
highest regression value (R?) confirmed that the sorption data are well presented by pseudo-second-
order Kinetics, indicating that the rate limiting step of the system under study may be chemisorption
which involves valency forces through sharing or exchange of electron between adsorbent and
adsorbate. The rate of ion exchange reaction occurring on the surface is responsible for the removal
kinetics and that the kinetic order of this reaction is two with respect to the number of adsorption sites
available for the exchange.

10
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Table 2. Rate constant of kinetics models at various initial dye concentrations

Pseudofirst-order rate  Pseudesecondorder rate

Initial dye e (exp) constants constants
concentrations, 5 5
C: (ppm) (mg/g) ks Gewcay R ks Gewcay R

' 1/hr  mglg g/mgh mg/g
10 1.02 0.03 0.67 0.4363 0.00 1.08 0.9997
30 3.29 0.10 2.97 0.9923 0.69 3.34 0.9999
50 4.49 0.02 1.23 0.1880 1.30 4.67 0.9999
90 6.99 0.03 1.92 0.2656 0.93 7.19 0.9999

Note:g. . — Experimental. value g. «.)— Calculatedy. value
4. Conclusions

FunctionalizedCS-CaCt driedbeadsappeared to be more effective than pure CS dried beads for the
removal of MOdye from aqueous solution due to its higher sorption capacity. Additionally, 0.005 M
CS-CaCk dried beadshowedthe highest gvalue (14.21 mg/g) ansklectivity for the MO dyesThe
MO dye uptake was increased from 38% to 65% with increasing in adsorbent dosage from 0.05 g to 0.5
g of 0.005 M CSCaCl dried beads. This is mainly due to greater availability of surfaea af the
biosorbentsAdditionally, the agitation speed significantly affected tharptionefficiency of 0.005 M
CSCaCl driedbeads andhowedthe highest MO dye uptake at 200 rprhe batch experimentdso
revealedhe importance of initial dye coantration in the biosorption of M@ye MaximumMO dye
uptake(62.94% was achieved &0 mg/L initial dye concentratiolhe equilibrium data fit best with
the Langmuir model. Modelling of kinetic results showed that the sorption process of MO by
functionalized CSCaClkdried beads was best described by psasdondorder kinetic. The findings
indicated thatunctionalizedCS-CaClhdried beadsauld be employed as an effective, ready availability,
inexpensive adsorbent for the removal of dye aridur from water and wastewater, in particlydor
the removal of MO. A successful biosorption process not only depends on dye uptake performance of
the biomass, but also on the constant supply of the biomass for the process.

5. Supplementary Data
TableA.1 shows the pH values for the different concentration of teS&h solution.

Table A.1. pH value of different molarities of Ca&olution

Molarity of CaCl » solution (M) pH (at 25°C)

0.005 6.43
0.02 6.02
0.1 5.54
0.2 4.93
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