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ABSTRACT

The peel of Cucumis sativus L. was used as lowaztsgirbent and as an ideal alternative to the eatrexpensive
methods of removing dyes from waste water. An dyg Acid black-7 has been used as the adsorbatorption
data were modeled using Langmuir, Freundlich, Tenakid Dubinin-Radushkevich adsorption isotherfe data
were also fitted to kinetic models such as pseurdbdrder, pseudo-second order, Intra particle éaldvich model.
The adsorbent was characterized by Fourier Tramefanfrared spectroscope (FTIR), X-ray diffractiodRD),
scanning electron microscope (SEM) with an EDAXe(gy dispersive analysis of X-ray), and zeta paaént
measurements will be carried out in order to fihd tso electric point of the adsorbent.
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INTRODUCTION

Dyes are synthetic chemical compounds having camptematic structures which are extensively usedhin
textile, cosmetic, plastic, food, and pharmaceduiicdustries [1]. The dye-containing wastewatercdarged from
the industries can adversely affect the aquatiGrenment by impeding light penetration. Moreovemanof the
dyes are toxic, carcinogenic and harmful to humealth. Even at low concentration (1 mg)Ldyes could be
highly noticeable, and could cause an aesthetikifimn and disturbance to the ecosystem and waterces [2].

Therefore, there is an increasing demand of efficand economical technologies for removing dyesnfiwater
environment in the world. Many physical and cherhitaatment methods including adsorption, coagoiati
precipitation, filtration, electrodialysis, membeageparation and oxidation have been used for¢laément of dye-
containing effluents [3], for the treatment of affhts containing dyes are available, and the nifistemt one is the
adsorption process, because it is simple in terhgperation and can remove the contaminant everet low

concentration. However, the choice of the adsorlzebased on economical and practical reasonsudigrial waste
materials are natural materials with low cost aadise as adsorbent would be very convenient fooveng organic
pollutants and of heavy metal ions.

The removal efficiency of dyes via adsorption maimlepends on the choice of the adsorbents employed.
Commercial activated carbon is used mostly for gatgm processes but its expensive nature has lgquativated
researchers to find substitutes [4]. In recentrgjethere has been growing interest in finding pemsive and
effective alternatives to low cost adsorbents sastrice husk and saw dust[®luntingia calabuf6] , Annona
squmosa Segd, Ricinus communispicarp[8, 9]Acacia nilotic410], coir pith[11], orange peel[12] and sunflower
seed hull[13] have recently been investigated eptlcursors, and are still receiving attention.

In a developing country like India where agricuttus the primary occupation, agricultural wastepbgeuct such as
Cucumis sativud.. fruits are abundantly available. Thereforewibuld be worthwhile to develop a low-cost
adsorbent from the fruit peel @ucumis sativuk. In the present study, the fruit peel@ficumis sativus. is used
as an adsorbent for the removal of Acid Black #&lR& Cucumis sativa fruit was previously investegato adsorb

1617



T. Santhiet al J. Chem. Pharm. Res., 2015, 7(4):1617-1625

cationic dyes[14, 15]. The effects of operatingapaeters such as pH, intial dye concentration, &gstrdosage,
kinetics and adsorption isotherms were studied.

EXPERIMENTAL SECTION

Preparation of the peel of Cucumis sativus L. fruit (RCS)

The peel ofCucumis sativus. fruit was obtained from local vendors, Eachmaliway Gate, Coimbatore District
(Tamil Nadu). Then the material was washed withiltid water and dried at 110+ it was air- dried and
powdered in a grinder. The dry biomass was crushex granules, sieved to different particle sizasd then
preserved in desiccators for use.

Preparation of the Adsorbate solution

A stock solution of 500 mg [* was prepared by dissolving the appropriate amofiAcid black-7 (obtained from
S. D. Fine Chemicals, Mumbai, India) in 100 mL acmmpleted to 1000 mL with distilled water. Diffeten
concentrations 25 and 200 mg L -1 of Acid blackaéte prepared from the stock solution. All the cluats used
throughout this study were of analytical-grade exdg. Double-distilled water was used for prepaatgof the
solutions and reagents. The initial pH is adjustétt 0.1 M HCl or 0.1 M NaOH.

Batch adsorption experiments

To study the effect of parameters like pH, adsaridesage and initial concentration for the colemoval of Acid
black-7, batch experiments were carried out intaryoshaker at 150 rpm using 250 mL shaking flesksoom
temperature (27+2C) for 100 min. The adsorption isotherm experimgas carried out by agitating 50 mL of the
dye solution of various concentrations. After aiita, the dye solutions were separated from therbest and
analyzed for the residual Acid black-7 concentratibhe concentration of Acid black-7 in solutionssaeasured
by using Digital photocolorimeter and the waveléngsed is 540m. The effect of pH on dye removal was studied
over a pH range of 2-10. The pH of the dye sotuti@s adjusted by the addition of dilute HCI or Na(®.1M)
solutions. The amount of dye adsorbed at equilibrige (mg @) was calculated using the following relationships:

0= (G- &) VIW 1)

Where G and G (mg L™ are the initial and equilibrium liquid phase centration of Acid black -7, respectively,
V the volume of the solution (L), and W (g) is theight of the adsorbent used(RCS).

Adsorption isotherms

The adsorption isotherm is extremely important iinfation indicating how adsorbate molecules areridigied
between the liquid and solid phases when the atisarprocess reaches equilibrium. Knowledge of whiem
system is at equilibrium is of importance for detating the maximum sorption capacity of RCS for the in
solution. Equilibrium data are basic requirementsdesign of adsorption systems and adsorption mpdiich are
used for the mathematical description of the adsmrequilibrium of the dye. The results obtained &4dsorption
of Acid black-7 were analyzed by the use of welbwm models given by the Langmuir, Freundlich, Temlkind
Dubinin—Radushkevich, isotherms. For the sorptisathierms, initial Acid black-7 concentration wasried
whereas solution pH and amount of adsorbent wele denstant. The sorption isotherms for Acid blackvere
obtained for RCS at solution pH 4.

Langmuir isotherm

The Langmuir model is based on the assumptiontfi&]adsorption takes place at specific homogenites within
the adsorbent and once a dye molecule occupigg,ansi further adsorption takes place at that Siteoretically,
the sorbent has a finite capacity to adsorb thbater Therefore, a saturation value is reachedraeydich no
further sorption tales place[17]. The monolayqyatity is represented by the expression:

OmELCe

Qe = T o~ @)

1+ K;.Ca

The linear form of the above equation is represkate

Ce 1 L C 3)
] QmRL Qm
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Where Gis the concentration of the dye solution (m{) lat equilibrium g the amount of dye adsorbed per unit
weight of adsorbent (mg®y and K is the constant related to the free energy of mdism (L mg"). Q. is the
maximum adsorption capacity. The values qf &d K were calculated from the slope and intercept eflithear
plot.

An essential characteristic of Langmuir isothernm ¢g expressed in terms of a dimensionless constdietd
equilibrium parameter[18].

1

_ 1, (4)

L™ qeg o

Where K is the Langmuir constant and, @ the highest initial dye concentration (mg)LThe value of R
indicates the type of isotherm to be favourable (@; = 1), linear (R=1), unfavourable (= 1) or irreversible
RL=O.

Freundlich isotherm
Freundlich isotherm is an empirical equation emetbyo describe heterogenous systems. The fretineltjoation
is commonly given by:

¥
q, = K:C;'" ©)

Where g is the amount of solute adsorbed per unit weidlaidsorbent (mgg, C. the equilibrium concentration of
solute in the bulk solution (mg™), Kg the Freundlich constant indicative of the relatgsorption capacity of the
adsorbent (mg Y and 1/n is the heterogeneity factor. A lineanfmf the Freundlich expression can be obtained
by taking logarithms of the non-linear form:

logg, = logK. + %logﬂ'a (6)

A plot of log @ versus log €enables the constant-kand exponent 1/n to be determined from the inpgraed
slope of the line, respectively.

Temkin isotherm
Temkin isotherm is expressed as

g, = Bln A+ BinC, (7

Where A is Temkin constant representing adsorbdserdate interactions and b is another constaatelto the
heat of adsorption[19]. Temkin isotherm takes iatwount adsorbing species-adsorbent interactidestherm
constants A and B can be determined from platgainst In €

Dubinin-Radushkevich (D-R) isotherm

The Dubinin-Radushkevich model is used to estintlagecharacteristic porosity and the apparent fresrgy of
adsorption. It helps to determine the nature cfogation processes whether physical or chemicahe D-R
sorption is more general than the Langmuir isotheamits derivation is not based on ideal assumpticch as
equipotent of the sorption sites, absence of sta@ridrances between sorbed and incoming partialelssarrface
homogeneity on microscopic level.

The non-linear presentation of the D-R isothermation is as follows:
d. = qnexp (—fe?) (8)
Where g is the amount of dye molecules adsorbed on perwzight of adsorbent (mol), g, is the maximum

adsorption capacity mol'§ p is the activity coefficient related to adsorptimean free energy mal % ands is the
Polanyi potential given by [20].

=RT In(1+7) ©

A plot of . against? gave non-linear graphs (figure not shown). Theogation mean free energy, E (kJ rifdlis
given as:
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1
NS (10)
The mean free energy (E) of adsorption specifies atisorption mechanism whether it's physical ornubal.
Physical adsorption process occurs if the valug &f 8 kJ/mol while 8 < E < 16 kJ/mol describes cloan(ion-
exchange) adsorption mechanism [21].

Batch kinetic studies

Several models were used to examine the rate-diimiyaf the adsorption process such as chemicattien,

diffusion control and mass transfer. Since the ticnearameters are helpful for the prediction c$@gtion rate and
give important information for designing and modglithe adsorption processes. The kinetics of dsergtion of
Acid black-7onto RCS was investigated for selectipgimum operating conditions for a full-scale afrocess.
Therefore, Pseudo-first order[22] Pseudo-secondr{28, 24], Intra particle diffusion[25], Elovicl2§, 27] kinetic

models were applied for the adsorption of Acid ki&con RCS and the conformity between experimetditd and
the model-predicted values was expressed by threlation coefficients(R, the values close or equal tol).

The Lagergren pseudo-first-order rate expressigiven by the equation[22]:
In(q. — q.) = Inq, — kit (11)

where @ (mg g™) is the amount of dye adsorbed at equilibriup{mp g") is the amount of Acid black-7 adsorbed
at time t, and k(min?) is the rate constant of the Pseudo-first-ordeogation model.

The pseudo-second-order model is given by the amjas]:

t 1 1
—=——+—t (12)
dr kzag dg

where k (g mg"* min™) is the rate constant of the pseudo-second orideti& model. In the pseudo-second-order
model chemical sorption is the rate-limiting st@d][ In reactions involving chemisorptions of adse on to a
solid surface without desorption of products, agson rate decreases with time because of increase@dce
coverage.

The second —order rate constants were used tda@dhe initial sorption rate, given by the folliog equation:
h=k’qé&’ (13)

The effect of intra particle diffusion resistancearisorption can be determined by use of the osishiip[25]:

qt =Kgyr “+C (14)
where kg is the intra particle diffusion rate constant (gigmin™?). If the intra particle diffusion model is obeyed,
the values of qt were found to be linearly coredatvith the values of? and the rate constantik directly
evaluated from the slope of the regression linebl@ ). The value of intercept C (Table2) provid&@®rmation
about the thickness of the boundary layer, thestaste to the external mass transfer increaseeamtbrcept

increase.
The Elovich equation is another rate equation basetthe adsorption capacity generally expressed as

dqt/dt= Bz exp(-A: ) (15)

where B is the initial adsorption rate(mg‘gmin)and A is the desorption constant(g Mgduring any
experiment.

RESULTS AND DISCUSSION
Characterization of the adsorbent

From SEM and EDX studies conform the presence iifazeand pores on the surface of the Rawumis sativus
and it enhance the adsorption over the pores. Tdresgiven in Fig. 1 and la.
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Fig: 1 SEM images of RCS
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Fig: 1a EDX spectrum of RCS

Effect of pH on adsorption, desorption, and possility of recycling

The zeta-potentials of the RCS particles in watere measured at different pH. It was found tihat RCS
particles are positively charged at low pH and tiegly charged at high pH. The zero point changezpc) for
RCS is 6.5. It can be expected that negativelygdwacid dye are likely to be adsorbed by the pesjt charged
RCS at a pH < pHzpc.

The effect of pH on the adsorption of dye by vasi@dsorbents was studied by varying the pH of tleestlution
from 2.0 to 9 for an initial concentration of 10@#n (Fig.2). Maximum adsorption 85% occurs at acigH(3).
The lower adsorption of Acid black-7 an anionic dgtealkaline pH is because of the presence ofssx@# ions
competing with dye anions for the adsorption sifsslower pH, a significantly high electrostatidratction exists
between the positively charged surfaces of theradsd and negatively charged anionic dye[28]. As ikl of the
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system increases, the number of negatively chasifed increases and the number of positively dthrgjtes
decreases. A negatively charged surface site@madborbent did not favor the adsorption of therminidye due to
electrostatic repulsion. A similar result was alied for the adsorption of acid red 14 by soya niedl[29] and
congo red by baggese fly ash[30].
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—4—RCS(ABK)

% of adsorption

20 A

0 T 1
0] 5 10
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Fig: 2 Effect of initial pH on adsorption of Acid black-7 by RCS

Effect of contact time
Acid black-7 solution of initial concentration10@pm were kept in contact with RCS from 5 to 70 niihe rate of

removal was rapid for the first 55 mins; thereafter rate of Acid black-7 removal reaches equilibri During the
initial stage of adsorption, a large numbers ofavacsurface sites are available for adsorptionerA#t lapse of
sometime, the remaining vacant surface sites dfieuli to occupy, because of repulsive forces lessw adsorbate
molecules on the solid surface. This is shown @3iThe maximum uptake of Acid black-7 by RCSndtial pH 3
was 85 % at an equilibration time of 55 min.
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Fig: 3 Effect of contact time on adsorption of Acidblack-7

Effect of adsorbent dose
Figure 4 shows that the adsorbed amount of Acidksa(G=100 mg L) increased in adsorbent doses, due to

greater adsorption sites availability. For 1 gadéorbent, the maximum amount of Acid black-7 dolsdron RCS
at optimum pH of 3 was 85%.
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Fig:4 Effect of adsorbent dosage of Acid black-7 doa RCS

Effect of initial Acid black-7 concentration on ad®rption

The initial dye concentration is an important duiyiforce; hence, a higher initial concentratiordypé will increase
the sorption rate. The experiments were carriechbfiked adsorbent dose (0.2 g/50 mL) in the $efition at room
temperature (27+2C), with pH (4, 3) and at different initial conceations of Acid black-7 (25, 50, 75, 100, 125,
150, 175 and 200 mgf) for different time intervals (10, 20, 30, 40, 50, 70, 80, 90 and 100 min). Figure 5
shows that the percentage of adsorption efficiefd®CS decreased with the increase of initial dyecentration in
the solution. It is evident from the figure thatetamount adsorbed on the solid phase RCS at a loitial
concentration of Acid black-7 was smaller than ¢tberesponding amount when higher initial concertret were
used. However, the percentage removal of Acidksiaevas greater at lower initial concentrations anthller at
higher concentrations. The adsorption capacityR@S was increased from 17.01 to 24.31 ritgas the Acid
black-7 concentration increased from 25 to 200 g L

120

100 -

80
60 -
40
20 -
0 - : : : : : : .
25 50 75 100 125 150 175 200

Dye concentration{ppm)

% of adsorption

Fig: 5 Effect of initial Acid black-7 concentration on adsorption by RCS

Adsorption kinetic models

The results of two models tested showed that bs¢tugho-second and pseudo-first-order models desicviedl the
adsorption process but, pseudo-second-order magel the best adsorption of Acid black- 7 on RCEaashe seen
from the small value of the model’s rate adsorptionstant when compared with the adsorption constdoes for
first order. Similarly, the calculated adsorpticapacity values for second-order model were equddiger to the
experimental adsorption capacity values than thafsthe pseudo-first-order adsorption capacity. Tatues are
presented in the Table2. Also, the correlation ficiefts are also closer to unity for pseudo-secorakr kinetics
than that for the pseudo —first order kinetics.isTduggests that the sorption system can be walesented by the
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pseudo-second-order model for the adsorption ofl Atack-7 by the adsorbents used. In the intragbaiffusion
model, values of qvere found to be linearly correlated with valués™8.

Tablel: Comparison of the correlation coefficients of kindt data for adsorption of Acid black-7 by RCS

Model Experimental Variables RCS
values

ky (min-1) 0.046

Pseudo first-order model ge (mg ¢) 8.66
R, 0.946
ge=21.93 kz(g’lmg’glmin'l) 0.1078

ge (mg @) 25.00

Pseudo second-order mode| h 6737
R, 0.983

kdif (mg (g min1/2)) 1.639

Intra particle diffusion mode| C 8.982
R, 0.973

AE (mg(g'min)) 3.63

Elovich model BE (g mg?) 41.4
R, 0.894

Adsorption isotherm

To optimize the design of an adsorption systeny important to establish the most appropriatehisioh model.
Different isotherm equations (Langmuir, Freundlidlgmpkin, Dubinin—Radushkevich) were used to dbscthe
mono-component equilibrium characteristics of agtson of Acid black-7 by RCS. The experimental digaium
adsorption data were obtained by varying the camaton of Acid black-7 with fixed amounts of RC$he
adsorption data obtained by fitting the differesatherm models with the experimental data aredigteTable 1,
with the linear regression coefficients. R’he Langmuir isotherm equation is therefore etgubt¢o best represent
the equilibrium adsorption data. Thg Walues for the Langmuir model are closer to uttign those for the other
isotherm models for RCS ¢R0.995). Therefore, the equilibrium adsorption @iddblack-7 on RCS be represented
appropriately by the Langmuir model in the concatidn range studied.

Table 2 Isotherm constants

Isotherms Constants

RCS

Langmuir

Qm (mg &) 17.24

Ka (L mg?) 0.5087

R, 0.995

Freundlich

1/n 0.075

Ke (Mg g% 24.94

R, 0.868

; -1

g%’;‘g!‘l')” a(g’) 9.621

R, 1576
0.898

Dubinin—Radushkevich

Qm mgl/g 7.94

K (x10° moP kJ) 0.4

E (kJ mol-1) 3

R, 0.846

CONCLUSION

The results of present investigation shows thatptbel of cucumis sativéhave suitable adsorption capacity with
regard to the removal of Acid black-7 from its ague solution. The adsorption is highly dependentamtact time,
adsorbent dose and pH. The optimal pH for favorausorption of Acid black-7 is 4. Adsorption obepe
Langmuir isotherms and adsorption kinetics follggsudo second order kinetics.
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