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ABSTRACT

The objective of this study was to assess thekliijaand efficiency of Gigantia Leaves (GL), Curoa Longa
Leaves (CLL), Morienga Oleifera (MO) and Citrus &isis (CS) for the removal of C.l. Basic Blue 26niraqueous
solutions. The effect of different variables in thatch method as a function of solution pH, equiiilm time, optimum
dose of adsorbent, adsorption isotherms, kinetidiss, desorption studies and interruption studiBise corresponding
results showed that excellent colour removal ofi@8sue 26 can be achieved with adsorbents at aptipH of 7. The
maximum colour of Gigantia Leaves, Curcuma LongaJes, Morienga Oleifera and Citrus Sinensis wa$634,
92.55%, 87.77% and 82.44% respectively. The isatheequilibrium sorption data was well fitted intlwee Freundlich
Isotherm. Kinetic studies which implies that chesngion is the rate limiting step. Desorption sagjiit states that
physisorption plays a significant role in the caloemoval of dyes. Pore diffusion seems to be #te controlling in the

sorption procesas indicated by interruption studies.

KEYWORDS: Adsorption, C.l. Basic Blue 26, Curcuma Longa LeavEitrus SinensisGigantia Leaves, Moringa

Oleifera
INTRODUCTION

Annually, over seven million tons of dyes are proghliin the world and widely utilized in differemtdustries,
including paper, plastics, leather, pharmaceuticaid, cosmetics, dyestuffs, and textiles industriBasic dyes have high
brilliance and intensity of colour which create lplem in colour removal. Basic dyes are the mostameisto degradation
due to their fused aromatic structures and theeef@main coloured for a longer period of time insteawater.
Considerable amount of dye-contaminated wasteveiseharge in these industries resulted in a patkerigk to human
health and ecosystem, since coloured dye efflugatdd interfere with light penetration in the redag water bodies and
the degraded by-products had toxic effects on madmraad aquatic organisfasTherefore, efficient and effective

treatment approaches are necessary to overcomephmdems.

At present, many treatment technologies, such a®rption, flocculation, super filter film, oxidatioand
electrolysis, have been employed for dye remov@hfwastewaters. Among these methods, adsorpticcegsoprovides
an attractive alternative for the treatment of dygstewater, especially the inexpensive adsorb&ativated carbon, the
prevalent adsorbent, is effective for dye remowdwever, because of its high price and hard reggioer the wide
applications of activated carbon were limite@ihus, more economic, efficient and practical absnts are necessary for

the dye removal.

Recently, numerous approaches have been studi¢glefalevelopment of cheaper and effective adsasbéfany
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non-conventional loweost adsorbents, including nezal materials, bio sorbentnd waste materials from industry &
agriculture, where these materials could be usetiagrbents for the colour removal of dyes 1 aqueous solution. Some
of the adsorbents include clay materials (bentphkig®linite), zecites, siliceous material (silica beads, aluniterited,
agricultural wastes (bagasse pith, maize cob, higgk, coconut shell), industrial waste productssfeacarbon slurrie:

metal hydroxide sludge), biosorbents (chitosant,g#amass) and othe(starch, cyclodextrin, cottol

The present investigatiomas conducted to remove CBasic Blue 26dye colour employin Gigantia Leaves,
Curcuma Longa Leaves, Morienga Oleifera and CiBusensis.Scope of the study includes kinetics and isothe
equilibrium studies, effect of adsorption processameters such as pH, contact time and adsorbesg do colou
removal Desorption studies and Interruption studies vase carried in order to know the sorption mechanisvolved
in the adsorption process.

MATERIALS AND METHODS
Adsorbent

Adsorbentdike Gigantia Leaves, Curcuma Longa Leaves, Momren@Ileifera and Citrus Sinen
collected from the locareas are used in the present s The four organic adsorbents were washed with ididtivater
to remove dirt and other particulate matter. The wdgheels and leaves : dried alow temperature (<1CC) to remove
moisture content. After drying process, p and leaves were grounded to fine powder and si¢lwemligh 75) size.

Adsorbents size of 75ig used in the stuc
Adsorb Ate

C.l. Basic Blue 2évas used aadsorb ate. Chemical structure of the dye:

Figure 1: Chemical Structure of C.I. Basic Blue 26
Analysis and Characterization

The maximum waveingth of C.l. Basic Blue 26 (0 nm) wasobserved using Thermo make UV V

Spectrophotometer of Evolution 201 Model. All thealyses were done in accordance with standard .
Batch Adsorption Experiment

Experiments were conducted for dye solution of phirf 2 to 12. The adsorbent dose andat which maximum
colour removal of dye were determined, which waspaeld as favourable dose and favourable pH. Agitater-flow
batch sorption studies were condagtby bottle point method using reagent bottle358f mL capacity. To a 100 mL of te
dye solution (optimum pH) of 50 mg/L concentrati@ken in the reagent bottle, premeasured quantigdsorbent wa
added and the resultant mixture was agitatechorizontal shaker at a rate of 125 rpm for varyinte intervals of 1, 3, £

7,9, 12, 15, 30, 45 and 60 minutes. The bottlese wathdrawn from the shaker at designated timerirtls and th
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reagent bottles were kept undisturbed for 4 hoarssédimentation, at the end of which, samples watldrawn by
carefully pipetting out 10 ml portion and are amzaky for colour content remaining in the test dykitean. The time at
which maximum removal of colour takes place andfurther significant difference in colour removalcoics from that
time, was taken as the equilibrium contact time andd in all further studies. Equilibrium Isothetnstudies were
conducted by adding varying doses of adsorbents as&0, 100, 150, 200, 250, and 300 mg/L to tskedye solution and
contacted for equilibrium time. The residual colouvas analyzed with a Spectrophotometer by meas@bgoT at

respective maximum wavelength (620 nm) of dye smhudnd computing concentrations from the calibbraturve.

RESULTS AND DISCUSSIONS
Effect of Ph

The effect of initial pH on adsorption of dye wasdied from pH 2 to 12, at dye concentration ofrBg/L,

contact time 30 min and 300 mg/L dosage. The pgaigenof colour removal of dye at different pH is s®wn in

Figure 2.
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Figure 2: Response of C.I. Basic Blue 26 onto Addments at Different Ph

From Figure 2, it was observed that maximum col@moval of C.I. Basic Blue 26 with all adsorbentasw

obtained at pH of 7. Hence favourable pH of 7 wass@ered to the dye C.I. Basic Blue 26.
Effect of Adsorbent Dosage

Equilibrium isothermal adsorption studies were agmtdd by varying the amount of adsorbent dose f56nto
300 mg/L and the results are presented graphieall§ colour removal at different doses for C.l.iB&ue 26, at pH=7

as shown in Figure 3
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Figure 3: Response of C.I. Basic Blue 26 to Adsorbts at Different Dosages (Ph=7)

From Figure 3, C.I. Basic Blue 26 responded favblyréo all adsorbents, exhibited Excellent coloamoval of
94.66% with Gigantia Leaves and 92.55% with Curcuroaga Leaves, 87.77% with Moringa Oleifera and oeah of
82.44% with Citrus Sinensis at pH of 7.

Effect of Contact Time

The influences of contact time vis-a-vis kinetiéolour removal by adsorbents are presented inrEig. It may
be observed from figures that the rate of colootaeal was rapid initially. The rate leveled off dually and then attained
a more or less constant value (equilibrium) beyamich there was no significant increase in col@moval. The time

required to attain equilibrium was 30 minutes.

C.I. BASIC BLUE 26
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Figure 4: Kinetics of Sorption of C.I. Basic Blue B onto Adsorbents at Different Contact Times (Ph=7)

It follows from the experimental results that perege removal of colour increased with an increasmixing
time; however, the difference is not much beyordixing time of 30 min. Therefore, an equilibriumximg time of 30

min was adopted in all subsequent experiments.
Equilibrium Study
Adsorption isotherms are mathematical models tlesicdbe the distribution of the adsorbate speciesng

liquid and adsorbent, based on a set of assumptioais are mainly related to the homogeneity/ hegeneity of
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adsorbents, the type of coverage and possibilitytefaction between the adsorbate species. Adeargata are usually
described by adsorption isotherms, such as LangrRtéundlich isotherms. These isotherms relate ugtake per unit

mass of adsorbentg,do the equilibrium adsorbate concentration intihk fluid phase €
The Langmuir Isotherm

The Langmuir model (1918)is based on the assumption that the maximum atisorpccurs when a saturated
monolayer of solute molecules is present on therdeént surface, the energy of adsorption is cohstad there is no

migration of adsorbate molecules in the surfacaegla
The linear form of Langmuir isotherm is given as;
1/g=1/g+1/(6,K ) 1/C

Where K is the energy constant of the sorptiop,igjthe maximum value of sorption capacity (mg@is the
equilibrium conc. of sorbate in solution after agigimn (mg/L),qe is the mass of sorbate adsorbed per unit massloést

(mg/g).The plot between I/and 1/Gis as shown in the Figure 5.
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Figure 5: Linearised Plot of Sorption Isotherm of Langmuir Model for Various Adsorbents (C.l. Basic Bue 26)
The Freundlich Isotherm

Freundlich isotherm mode (1906)s applicable for non-ideal sorption on heterogesesurfaces and multilayer

sorption.
The nonlinear and linearised forms of the equadienas follows:

logg=log(Ke+1/nlogQG)

where G is the equilibrium conc. of sorbate in solutioteafadsorption (mg/L), s the mass of sorbate adsorbed
per unit mass of sorbent (mg/g).The constantsarFtieundlich isotherms can be determined by plpttigag, versus logg
which gives a straight line with slope of 1/n anohi@rcept equal to the value of log,Kvhere K (L/g) is the Freundlich
constant related to the adsorption capacityrargdthe constant for intensity. Plot between loga€d log g was drawn to
generate the intercept value of End the slope of n as shown in the Fig.6. Theeslof n<1 indicate a favourable

adsorption comparable with other researches.dibserved that all the adsorbents satisfy the ciomditf heterogeneity.
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Figure 6: Linearised Plot of Sorption Isotherm of Feundlich Model for Various Adsorbents (C.1. BasicBlue 26)

The isothermal equilibrium sorption data were ftteto linearised Freundlich equation and the valofesorption

capacities and coefficient of correlation are pnése in Table.1.

Table 1: Isotherm Model Constants and Correlation @efficients for Adsorption of Dye from Aqueous Soltion

Langmuir Coefficients Freundlich Coefficients
Adsorbents R | Qu(Mg/G) (L/KMLg) R? N | Ke(Mg/G)
Gigantia Leaves 0.90 833.33 0.13 0.975 1.408 2.71
Curcuma Longa Leaves 0.91 333.33 0.01 0.92 1.01 017
Morienga Olefiera 0.98 166.66 0.013 0.99 0.90 1.29
Citrus Sinensis 0.99 62.5 0.02 0.99 0.8D 1.48

From Table 1, the value of coefficient of corradati(R) obtained was nearly equal to one for all adsdasben
giving a best fit for Freundlich equation compartedLangmuir Isotherm. It follows from the data thequilibrium
adsorption of colour on to all adsorbents followgundlich isotherm model, which implies multilaysorption, with
lateral interactions between the adsorbed molea@résns in the case of Freundlich models; the getér distribution of

sites is heterogeneous due to the diversity ofteorsites.
Kinetic Study

In order to investigate the controlling mechanisfradsorption processes such as mass transfer andicdd
reaction, the pseudo-first-order and pseudo-secodéer equations are applied to model the kinetfadye adsorption on

to the ado sorbents.
The Pseudo-First-Order (1898)rate equation is given as:

log(ce-c)=logae-(K1/2.303)

Where @ is the amount of adsorbed adsorb ate on the aslsbdi equilibrium (mg adsorb ate/g adsorbent)s dhe
amount of adsorbed adsorb ate on the adsorbeihattt K; is the adsorption rate constant for pseudo firdeorTo

determine the correlation coefficients, graph waswvh between log ¢ep;) and time as shown in the Figure 7.
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Figure 7: Pseudo-First—Order Plot for C.I. Basic Ble 26 Adsorbed Onto Different Adsorbents

Calculated values of &and g along with correlation coefficient @Rare summarized in Table 2. The pseudo
first-order kinetic model of Lagergren was notdfittwell with the experimental data Qf q

Table 2: Comparison between the Adsorption Rate Catants, @, and Correlation Co-Efficient Associated with
Pseudo-First Order and Pseudo-Second Order Equatian

Pseudo-First-Order Equation Pseudo—Second-Order Equation
Adsorbents R? QcCal | QcExp Ky R2 Q.Cal Q:Exp H K,

(Mg/G) | (Mg/G) | (L/Mg) (Mg/G) | (Mg/G) (Mg/G)
Gigantia Leaves 0.45 4.50 16.33 0.07 0.99 17.p4 3316} 30.53 0.03
Curcuma  Longg 4 54 1.59 16.11 0.05 099 16.66 1611 931  0.03
Leaves
Morienga Olefiera 0.62 4.63 15.07 0.07 0.99 15.87 5.01 8.91 0.03
Citrus Sinensis 0.66 5 14.11 0.07 0.99 14.11 9.67 .807 0.11

The Pseudo-Second Order ((Ho, 199%inetics is expressed as:
t/g,=1/h + t/g

The initial adsorption rate, h, (mg/g min) is exsmed as h sk% Where k is the rate constant of
Pseudo-second-order adsorption (Miandaeis the equilibrium adsorption capacity (mg/Ghe graph between t/gersus

t was drawn as shown in the Figure 8, to deterrtiaesalues of ge, k and h from the slope and iearof the plot.
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Figure 8: Pseudo-Second-Order Plot for C.I. Basic Be 26 Adsorbed Onto Different Adsorbents
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From Table 2, it was observed thaf R equal to 1.0 with respect to pseudo-secondrpntereover the
experimental values of.ds nearer to the values obtained in pseudo-seeottr, indicating that pseudo-second-order

model is well fitted to the data than pseudo -tfirgler model, which implies that chemisorptionghis rate limiting step.
Desorption Studies

Desorption studies are useful in the elucidatiorthef mechanism of adsorption reaction and alscs$ess the
regeneration capacity of the sorbent for reuse nmoae economic manner. The amount of desorptiomiges an insight

into the nature of sorbent-sorbate bonding.

Desorption is generally studied by employing a sotdispersion media) like Distilled water, 0.1M®H and
0.1N HCL. If the dye bound to the sorbent is deedrby distilled water, then it may be deduced thatdye molecule is
attached to sorbent surface by weak bonds anddinption can be said to be of physical in naturthd inorganic solvents

are required to desorb, then the adsorption ibaté to be the type of ion-exchange.

In the present study, desorption studies were atedufor C.I. Basic Blue 26 and sorbents by didpgrshe
(adsorbed) loaded sorbent in distilled water atmdganic solvents like 0.1N NaOH, 0.1N HCL and agitafor a period of

30min.

Tables 3. represents the percentage of desorpftidyeoC.l. Basic Blue 26 from GL, CLL, MO, and CSthv
distilled Water, 0.1N NaOH and 0.1N HCL.

Table 3: Desorption Data of Four Adorbents by Varias Inorganic Solvents

Percentage of Desorption
ARSI Distilled Water | 0.1N Hcl | 0.1N Naoh
Gigantia Leaves 60 5 20
Curcuma Longa Leaves 50 4 27
Morienga Olefiera 40 6 15
Citrus Sinensis 70 8 27

From the above Table 3, the percentage of C.l.cBBlsie 26 dye adsorbed on to adsorbents was edesigrbed
in distilled water. Desorption was significant (40%) with the distilled water indicating that thgedmolecules in its
original form are desorbing into solution. This éypf dye-adsobent interaction may be attributed physisorption type

reaction in which dye molecules are bound to thiéase by some type of weak bonding perhaps dugdoogen bonding.
Interruption Studies

In order to probe into the nature of the sorptiptakie of dye colour by the adsorbents, interrupsitudies were
conducted by interrupting the ongoing process agation for 30min in a batch system. For film dgffon controlled
process, the interruption does not affect the cdteptake, since there is no increase in conceéotrgjradient on the
sorbent after the interruption (Helffirich 1962).

However, in the case of pore diffusion to be ratntwlling step, the concentration gradient incesas
immediately after interruption compared to thatbefore interruption and this may result in a highptake. Result of

interruption tests are presented in Figure 9, &ious dyes using different adsorbents.
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Figure 9: Interruption Kinetic Plot of C.l. Basic Blue 26

It is evident from the Figure 9, that there is lstigncrease in the slope of the concentration gradturve after

interruption and hence it indicates the possibiitypore diffusion to be the rate controlling iretborption process.

CONCLUSIONS

Adsorption studies have been conducted for therifft organic adsorbents to assess their capatailitgmove
C.l. Basic Blue 26 in the aqueous phase. Exceltetdur removal can be achieved with adsorbent gfa@tia Leaves,
Curcuma Longa Leaves, Moringa Oleifera and Citrueissis at pH of 7. The data fitted well to Freuctdimodel, which
implies that the possibility of multilayer adsomgti with a heterogeneous energy distribution of Huotive sites,
accompanied by interaction between the adsorbe@aul@s. Kinetic studies data of all the sorbents fiated well to
pseudo-second-order, which implies that chemisompis the rate limiting step. Attempts to desork sorbed dye
molecules with distilled water preclude the podgibbf physisorption playing significant role imé colour removal of

dye. Further Interruption Studies implies that pdifeusion to be the rate controlling one in thesaigbtion process.
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