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ABSTRACT

Chromium (V1) is a toxic metal, which is carcinogenic in nature as reported earlier. The Citrus limetta is the family
of citrus fruits which is used as an adsorbent in this study. The removal efficiency of chromium (V1) by the Citrus
limetta (CL) peel was determined by means of adsorption parameters pH, contact time, initial concentration and
adsorbent dosage. From the experimental results, the equilibrium time was found to be 30 minutes for all initial
concentration, the percentage removal was found to be maximum in 3g and optimum pH was 2.0. The study was
visualized by the most pronounced isotherm models viz., Langmuir and Freundlich isotherm models. The data
obtained was best fitted to the Langmuir and Freundlich models. This study was also extended to fit the results with
kinetic models viz., pseudo first and pseudo second models. The data obtained were best fit with pseudo second
order model with the high degree of correlation coefficient.
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INTRODUCTION

Heavy metals play an important role in water p@dint The heavy metals are continuously releasexdthe aquatic
eco system from industrial process like mining, precessing, metal processing, metal polishingaréhey, paint
manufacturing and battery manufacturing industrifsese industries are producing large amounts fhiesks,
which are leading to detrimental effects on hum#@mdnd environment, when it is discharged intoexdtodies.
Moreover the heavy metals are not metabolized hag are bioaccumulated into our body through tlodobical
chain [1]. The major pollutants in effluents arerouey, chromium, arsenic, lead, zinc, copper, aadngum.
Among them chromium is one of the most toxic methich causes serious health hazards to the envianotm
Chromium is the second most common inorganic coimzm in the ground water. Chromium is the 21st tmos
abundant element in Earth's crust with an averageentration of 100 ppm. Large numbers of importdidys
contain chromium as the principle element. Chromhas broad industrial applications, such as all@ustries,
paper and pulp, basic steel works foundries, patral refining industries, mining, dyes and pigmemgstile,
leather, tanning and electroplating. Generally ofiton exists in two oxidation state they are Cr(did Cr(IV) [2].
Although trivalent chromium (Cr(lll)) is required itrace amounts for sugar and lipidmetabolism, éases have
been reported where its complete removal from teehds caused chromium deficiency.Chromium (VBng such
metal, which is a potent carcinogenic and mutad@hié@lso asthma, bronchitis, ulceration and peafam, liver
and kidney damages are caused due to the airbapese of Cr(VI) to the workers [4]. Chromium (M
becoming more toxic form of the metal due to itsomsation with oxygen as chromate (GfQions. It is a strong
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oxidizing agent and in the presence of organic enait is reduced to chromium (IIl), more rapidip, acidic
environment. However, at high concentration, chtomi{VI) may overcome the reducing capacity of emwinent
and thus, persists as a pollutant. Its concentratiandustrial waste water ranges from 0.5 mg/[2%® mg/L [5].
According to that of Environment protection ageEyPA) the tolerance limit for the discharge of GH)(into
inland surface water is 0.1 mg/L and in potableewa 0.05 mg/L. The Cr (VI) is considered as dytaht by
Environment protection agency (EPA) because oftatscity, water soluble and carcinogenic nature.TBg
permissible limit for chromium based on World HbealDrganization (WHO) value is 0.05 mg/l and it isoa
referred as carcinogenic and genotoxic [7]. TheeBurindian Standard (BIS) given that the no relarabeyond
0.05 mgl/l for portable water above this limit mause carcinogenic [8]. According to the ministryeaf/ironment
and forest, India suggests that the minimal natistemdard (MINAS) has a limit to discharge théwefit in surface
water as 0.1 mg/l [9]. The Ldvalues for chromium (VI) ranged between 50 and risgkg [10].

So it is necessary to remove such a toxic metah four environment. In practice there are variousventional
methods available for the removal of toxic metaisisas reverse osmosis, precipitation, chemicaiatézh etc., but
these methods are required high experimental setagpe expensive and also less effective. Of thmesthods
biosorption is the most promising method for thmegal of toxic metals which is low cost, producedd secondary
sludge, more effective and eco-friendly. Biosomtis important from two points that the eliminatiohpoisonous
metals and the recovery of precious elements. @#pdriosorption is considered to be fast physibe+uical
method and it may possible when the dissolved spgmiesent in sorbent and sorbate to be sorbedawitbf the
higher affinity of biosorbent species for the soebapecies [11]. In recent years, many researchgeesl an
agricultural waste such as fruit peels [12, 13nplleaves [14, 15] vegetable shells [16, 17, 98, rice husks [20]
and sawdust [21, 22] etc. for the adsorption predestause of their high removal efficiency and tmst. In this
study, Citrus limetta peel was taken as an adsorbent for the remov#heofchromium (VI). The present study
investigates the removal efficiency ofCitrus limetta peel against hexavalent chromium, analyzes therptisn
parameter and the experimental results are alstogetpto adsorption isotherm and kinetics.

MATERIALSAND METHODS

Adsor bent:

The Citrus limetta fruits were collected in the local market. Theledled fruits were peel off and the peel was taken
as an adsorbent for this experimental work. Thé was washed with distilled water till the adheridigt removed.
Then the peel was dried in the air oven. The dpeel was grinded to fine particles and sieved lhibmm. The
sieved adsorbent was stored in an air-tight coataido other chemical modification was taken place.

Adsorbate:

The stock solution (100 mg/l) was prepared by digsg 0.283 g of KCr,O; (AR grade, Merck chemicals) in
distilled water. The working solution was obtair®ddiluting stock solution. Once again the concatitn of stock
and working solutions were confirmed by calorimeter

Batch adsor ption studies:

The batch adsorption studies were carried out terchéne effect of pH (2-9), contact time (10-60)jtial
concentration (15-65 mg/l) and adsorbent dosadgg)j1100 ml of working solution was taken in thé2bl conical
flask stirred till the equilibrium was attained. &pH of the working solution was adjusted usingVDHICI and
0.1M NaOH. The biosorbed solution was taken atpigeset time interval and the solutions were fdtethrough
whatmann 42 paper. The concentration of chromiur) §dglution was analyzed by calorimeter at 540 rsmg
diphenyl carbazide as the reagent. Each experimwast done triplicate to ensure the concordant vallibg
percentage removal and amount adsorbed were daldwaing the following relationship

CO - Ce
100

%Removal =

Where G is the initial concentration of sorbate solution(mg/l) and the Cis the concentration of the sorbate
solution at equilibrium, (mg/l).

Amount of sorbate adsorbed by the sorbent solwiidhe equilibrium time was calculated by the falilog formula
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(CO - Ce) «

4
M

e =

Where q is the amount adsorbed by the sorbent at theilduih time, (mg/g), € is the initial concentration of
sorbate (mg/l) and {s concentration of sorbate at the equilibriumgdlin V is the volume of the sorbate solution,
(ml) and M is the mass of the sorbent, (g).

The kinetic studies were conducted as same thaheofequilibrium studies. The residual sorbate smiutvas
collected at the set of time intervals. The gt @gmount adsorbed at any time t. min, were caledldy the
following equation

Co —C
q. = (OM—t) «V

Where G is the initial concentration of the sorbate sanfi (mg/l), and Cis the concentration of the sorbate
solution at any time, t. (min), V is the volumetb& sorbate solution, (ml) and M is the mass ofstirbent, (g).

Equipment:
The pH of the working solution throughout the expent was measured by using Elico-Perkin Elmer #/a8er
quality analyzer. The concentration of the solutieas calculated by the aid of Photo-Colorimeter XE> and
functional group present in the surface of the Hulst were determined by FT-IR.

RESULTSAND DISCUSSION

Structural elucidation of the adsor bent:
FT-1R analysis of the adsorbent:
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=
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i

Fig.1 FT-IR pattern for pure sorbent before adsor ption. Particle size=0.5 mm

The FT-IR spectra of pure and adsorbed sorbenslawan in the fig.1 and fig.2. The pure sorbent coseg of
many peaks which is the characteristics of funaiaroups present in the surface. From fig.1, thense, broad
peak present in the region of 3458 tim due to the stretching of~OH and —NH indicatest presence of hydroxyl
and amine groups in the surface. The weak, broall @22929.45 cihand 2863.03 crhis the characteristics of —
CH stretching indicates the presence of methyl grdine medium, intense peak at 2382.19' cthe sharp, intense
peak at 2357.11 chand the medium, broad peak at 2307.93'aine to the EN stretching indicates that the
presence of nitriles group in the surface. The weesk at 1740.83 cindue to the C=0 stretching indicates that the
presence of carboxylic acids or esters. The weak pe¢ 1625.10 cth due to C=0 stretching indicates that the
presence of amide | band. The weak peak at 15X834ue to N-H bending indicates that the presencerifle 11
band. The medium, intense peak at 680.90 due to Al-X stretching indicates that the presesicalkyl halide in
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the surface of the adsorbent. The-IR spectrum of adsorbed sorbeffig.2) has the noticeable shift in t
corresponding peaks at 3443.087, 2301.48 cn, 1508.40 crit and 669.33 cfh This implies that th—OH, —

NH,—C=N, —R—-NH and AIX groups are responsible for the favourable adgormif hexavalent chromium onto t
CL biomass.
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Fig.2 FT-IR pattern for the adosrbed sorbent dose after adsor ption.

Table1FT-IR spectrafor the pureand adsor bed sor bent

Adsorption Bands (ci) )
IR Spectra pure sorber Adsorbed sorbent Interferen eFunctlonaI grou
1 3458.5; 3443.08 -15.44 —OH and-NH
2 2307.9¢ 2301.48 -06.53 Nitriles
3 1518.0« 1508.40 -09.64 Amides
4 0680.9( 0669.33 -11.34 Halides

Effect of pH

% Removal
(o)}
(02}

2345
pH

6 7

8 9

Fig.3 Effect of pH on theremoval of Cr (V1) by sorbent at room temperature
Conditions: Adsorbent dosage = 1.5g; Adsorbate conc. = 25 mg/l; Contact time= 30 min

pH is the controlling paraeter of the adsorption process |. The change in pH affects the solubility of métais,
functional groups and surface charge of the adsbrfde effect of the pH was studied by varying tH from 2 to
9 while keeping ther parameters constant. I3 shows that the maximum percentage removal oaypsl 2. Oul
results were well aceopanied with the previous work [24, .. The percentage removal was high at acidic pHits
becomes low when evmove down to the basic pH. This is because dicapH, it is well known that the anion
forms of dichromate ions are C,~,HCrO, and CrQ. Moreover at acidic pH, surface of the sorbents
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protonated that result in strong electrostatiaationbetween cations and anions. At basic pH the ovehaige o
surface of the adsorbent become negative i.e.suhface of the sorbent become deprotonated thaltseéa dual
competition between the both anions. So that thakepof sorbate by sornt becomes insignificant in ba: pH.

Effect of Adsorbent Dosage:

100
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% Removal
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E25 M35 W45 M55 M65

Fig.4 Effect of adsorbent dosage on the removal of Cr (V1) by the sorbent at room temper ature
Conditions : Adsorbent dosage = 1-3g; Adsorbate conc. = 25-65 mg/l; Contact time= 30 min; pH = 2.0

The adsorbent dosage is an incredible factor whietiermines the sorbesorbate equilibrium of the system &
also it is essential when consider the effectiveéamsorption of the system. In this study, the apison of Cr(VI)
on the CL biomass observed by varying the dosagd dfom 1g to 3g with various initial concentratiof Cr(VI)
solution from 25 mg/l to 65 mg/l while keep the etlparameters constant. The figure 4 shows thapeheentag
removal was increased wherewncreases the dosage and decreases with thasecoé initial concentration. Tt
maximum percentage removal was observed at 3g.iJlhiscause the availability of binding sites andeaxe arei
were becoming more and more when increasing thagdc

Effect of Contact time with Initial concentration:
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0 10 20 30 40 50 60 ' ' ' ' ' ' '
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e 25 il 35 45 == 55 ——— 65 .
—o—25 —m—35 Fimets ——55 —x—65
Fig.5 Effect of contact time on theremoval of Cr (VI Fig.6 Adsor ption capacities of varioustimeon the
removal by the sorbent removal of Cr (V1) by the sorbent

These studies were done at various initial conaéintrs from 25 mg/l to 65 mg/l with the contact ¢iffl(-60 min)
and keep other parameters constFrom the figure 8he percentage removal was increase with the cbtitae
(10-60 min) at certain time it reaches maximum. Fortlad initial concentrations, the equilibrium attdhat 3C
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minutes. It also clear that the uptake of adsorbgtthe sorbent was quick at the initial stagesdbasv down until

reaches equilibrium. But after that there was nmrfable sorption takes place. These conclude treattisorption
process towards the metal binding was spontanéoum the fig.6 we come to know that the amount euksib at

the equilibrium time was increased from 1.6 to &g when we increase the initial concentratiomfi2b mg/l to

65 mg/l. Thus the initial concentration is an imgat driving force to overcome all mass transfeistances of the
Cr(VI) between aqueous and solid phase.

Adsor ption I sotherm

Generally adsorption isotherm is used to attriib&edistribution and interactions between the skidjdid system
and optimizing the use of adsorbents [26]. It aigees the equilibrium relationship between adsotrbamnd
adsorbate. Our experimental data obtained wesslfitito most pronounced isotherm model for theteatability.

Langmuir Isotherm:

Langmuir isotherm provides information about homuay of the system which also gives the additioidaa
about the monolayer surface coverage, availabdityadsorption sites and ensures no interaction dstwthe
adsorbed molecules [27]. It also indicates thattladl adsorption sites are have equal affinities adsorbed
molecules are independent to each other i.e., apgéffirst one does not affect the sorption capaaitother [28].
The linear form of Langmuir isotherm equation igresented as:

L1 G
qe bQy Qo

Where, G — equilibrium concentration (mg/l)eg amount adsorbed (mg/g)y © maximum monolayer adsorption
capacity per unit weight b = affinity of the adstop sites.

Fig. 7 Langmuir isotherm model for Cr (VI) by sorbent at room temperature
Conditions: Adsorbent dosage = 2.0g: Adsorbate conc. = 15-65 mg/l; Contact time = 30 min; pH = 2.0

Fig.7 show that the Linear plot of/G.vs ge. The @and b are calculated from the slope and intercefiteolinear
plot. The acceptability of the Langmuir isothernmépresented by the dimensionless factgr R

1
1+ bC,

R,

Co = initial concentration (mg/l), the Ralue between the 0 and 1 indicates that the fe=dsorption.

From table 2 the values of Pof all the initial concentrations were found to between 0 and 1 and alsg R
decreases with the increase of initial concentnatibhis shows that the adsorption of chromium oa @L is
favourable. The @and b values obtained from the experiment are &rib12.93 respectively. Thug @dicates
that the maximum adsorption corresponds to sauinatenolayer with constant energy and no transmmisgias
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occurred on the surface of adsorbent and alsodhelation coefficient Rvalue was found to be 0.9878 shows the
applicability of Langmuir isotherm.

Table 2 Dimensionlessfactor for all Initial Concentrations

Initial Concentration Dimensionless Factpr
(Mgfl) (R)
25 0.0030
35 0.002:
45 0.0017
55 0.0014
65 0.001:

Freundlich I sotherm:

The Freundlich isotherm is applicable to both maget (chemisorption) and multilayer adsorption Gsgrption)

and it is based on the assumption that the adsodxgorbs onto the heterogeneous surface of ambad$d29].

This also assumes that the adsorption energy ahtital adsorbed onto the adsorption sites on adsbdepend or
independent to the adjacent sites. It does not giwe information about the surface saturation. Fheundlich

model is given by the following equation,

1
logq, = log Ky + n log C,

Where @ = amount of adsorption; k= sorption capacity 1/n = intensity of adsorption.

0.6 -

log ge

(en]

-0.4 -0.2 2 0.4 0.6

0 log ce”

Fig. 8 Freundlich isotherm model for Cr (VI) by sorbent at room temper ature
Conditions: Adsorbent dosage = 2.0g; Adsorbate conc. = 15-65 mg/l; Contact time = 30 min; pH = 2.0

Table: 3 Langmuir and Freundlich parametersfor the uptake of Cr (VI) by sorbent CL

Langmuir parameter

Correlati fficient
Langmuir isotherm Qo(mg/% b (I/mg) orrelation coefficient (8

4.16 12.93 0.9878
Freundlich paramete . -
Correlat ff t
Freundlich isotherm| K 1/n orrelation coefficient (8
1.724 0.481 0.9941

Fig.8shows that the linear plot log gs log G. From this, Freundlich constantsdnd b can be obtained. The
constants ¢and b represents the curvature and steepness isbtherm. Generally the 1/n value lie between® &n
is a measure of surface heterogeneity, it beconuge hreterogeneity, the value proceeds very clasgeto. In this
study n value was greater than unity indicatingnaiserption. An isotherm with n>1 was classified lasype
isotherms reflecting a high affinity between adsoeband adsorbent and indicative of chemisorpt8].[The
values of Freundlich constants dnd 1/n were found to be 1.7241 and 0.481. Thelmevabtained from the
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experiment in between 1 and 10. This indicates thatadsorption of chromium onto the CL was favblea
adsorption [30]. The Rvalue of Freundlich isotherm was 0.9941 obtaimechfthe regression analysis. Thus the CL
biomass exhibits both Langmuir and Freundlich isoth This indicates that the sorption process ismex, which
follows more than one mechanism [1].

Adsor ption Kinetics:

Kinetic models are obviously used to predict thee rand mechanism of the adsorption process in whieh
ascertain the factor like physical or chemical apon, nature of the adsorbent, ambient tempeeatpid of the
solution, influence the rate and mechanism of tteogption process [32]. The experimental resuksiaterpreted
to the most pronounced kinetic models viz., psdirdborder and pseudo second order for their appility.

Pseudo-first order kinetics:

To explain the pseudo-first kinetics the legergegmation is widely used. This equation considehedrate of ion-
exchange adsorption in the exchange of metal ions fiqueous solution by the solid. Thus the eqnatinply
implies that the sorption capacity of the solideTégergren equation is represented as follows [33]

Bt e (G = Ge) e oeeeeeeeee e (1)

dt

Integrating the equation for the boundary condgior 0 to 1landg= O to q gives rise to the linear form as shown
in equation (2)

X
log(q, — q;) = logq, — '1 .......................................... 2

Where kK is the rate constant of the pseudo-first orderagqo (1/min), g is the amount adsorbed by the sorbate in
(mg/g), qis the amount adsorbed by the sorbate in timgmiyg).

log (qe-qt)

-5 - Time t
m25 435 x45 X55 065

Fig.9 Pseudo-first order kinetic model for theremoval of Cr (V1) by the sorbent at room temperature
conditions; Adsorbent dosage = 1.5g; Adsorbate conc. = 25-65 mg/l; Contact time= 1 hr; pH = 2.0

The rate constant;éand gcapvas determined by the slope of linear plot leg(g vs time t as shown in the fig.9.
gecaPbtained from the linear plotwas correlated to tifahe @) values. The difference between them was much
large.Moreoverthe correlation coefficient Ralues were closeto linear on lower initial cortcation but we move
down the higher concentratiorf Ralues far away to linearity. This was becausestirption was not occurred only
ion-exchange mechanism but other sorption mechanisere also occurring. Pseudo-first order was neit fit
over range of contact time in most cases repo8éf [
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Table4
Pseudo-first order
Initial Q€ex(Ma/Q) gec(mg/g) K, R?
Concentration (mg/l)
25 1.60 0.0017 0.0154 0.9838
3t 2.2C 0.038: 0.016¢ 0.952:
45 2.76 0.2608 0.0304 0.941
55 3.36 0.3385 0.0321 0.9136
65 3.90 0.0080 0.0035 0.3956

Pseudo second order kinetics

A pseudo-second-order equation is applied to exphaiw the rate depends on the sorption capacitynbtithe
concentration of the sorbate. It is based on thetiem capacity of the solid phase. The pseudo+sdcwder model
is developed on the prediction that chemisorpt®mthe operative reaction mechanism. The pseudandemaler
kinetics rate equation can be written as follows][3

Q96— Ky(Ge = Ge)%reereeareeees e (1)

dt

Separating the variables in equation (1) gives

d
ﬁ = Ryl 2)

Integrating equation (2) for the boundary condisior O to t andgr O to @, become

1 1

m=z+k2t ................................................ (3)

Hence the linear form of pseudo-order kinetics éqnacan be represented as follows

1 1
T Ll Y A 4
ac  k2q? z ()

ks is the rate constant of the pseudo-second ordeatieq, (g/mg min), gis the amount adsorbed by the sorbate
(mg/g) and qt is the amount adsorbed by the sodiatme t (mg/g).

30 +
25
20
15 -~
10 ~

t/qt

0 r 7] — T : T T 1
0 10 Time20 30 40
m25 35 x45 x55 65

Fig. 10 Pseudo-second or der kinetic model for theremoval of Cr (VI) by sorbent
Conditions : Adsorbent dosage = 1.5g; Adsorbent conc. = 25-65 mg/l; Contact time= 1 hr; pH = 2.0

The values of g(mg/g) and kwere obtained from the linear plot of pseudo-sdaander model shows in the fig.10.
The rate constant kalues were decreased with increase in initiabeatration. The g.,seems to be much closer
to the Qexp). IN general the validity of the kinetic models wasted by the correlation coefficient.®n this study
correlation coefficient (R1) values much closer to linearity. This showst ttree pseudo-second order kinetic
model was suitable model for the adsorption of ohuon onto the CL biomass. From the experimenta, dae rate
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of the adsorption may be controlled by the chenpison. Many of the earlier cases suggest that Heeigo-second
order model was the suitable model for the adsomd6, 37, 38].

Table5
Initial Pseudo-second order
Concentration (mg/l) dema/g) gea(mg/g) K, R
25 1.60 1.61 3.45 0.9999
35 2.20 2.22 2.98 0.9999
45 2.76 2.77 2.37 0.9999
55 3.36 3.44 1.96 1.0000
65 3.9C 4.0C 1.8¢ 1.000(

Goodness of the kinetic model:

The best fitness of the kinetic models are optingzivith tool of chi-square test. This is nothingt laun error
analyzing test for the suitability of the kineticodels. The chi-square test carried by the sum ef stuare
differences between the experimental data and leaéclidata. The equivalent mathematical statensent i

2 _ (qe(exp) - qe(cal))2

X
qe(cal)

Where qay(Mg/g) is the amount adsorbed by the adsorberdl@ilating from the model and gy, is the amount
adsorbed by the adsorbent from experimental data.

From this equation we can calculate the chi-squatee. For instance the gy is similar to the geay x2 will be
small if the Qexp)is differ from the gca)x2 will be large. Ify2 value is large, the model is not suitablg2fvalue is
small, the model is said to be a suitable modelisTihe non-linear chi-square test is used to aontive absolute
model of the system.

In the present study, set of data was fitted ihodhi-square equation. Here difference betweenithg and Gexp)
of the pseudo-second order model (0.00281) wenesrerll i.e. 2 value was small confirm that the pseudo-second
order model was the suitable model over the psdiustosrder model (238.6).

CONCLUSION

In this study theCitrus limetta peel was found to be effective adsorbent for traaval of hexavalent chromium.
100 % removal is carried out by using 3g of adserlder all initial concentration and maximum rembwd
chromium is done at pH 2.0. From the isotherm stsidihe adsorption capacity, @btained from the Langmuir
isotherm was found to be 4.16. Regression coeffid®€ values obtained from Langmuir and Freundlich isath
were (0.9878) and (0.9941) indicates that the aeabdjty of this models. This strongly suggeststtthe favourable
adsorption take place on the surface of the adetrfiéusCitrus limetta peel was suitable adsorbent for the
removal of hexavalent chromium. From the resultghaf kinetic model, the pseudo-first order model tead
correlation results; this implies that pseudo-fiostler model is not a suitable for this system. Témults of the
pseudo-second order model had good correlatiortsedti+1): This implies that the pseudo-second order risde
the suitable model for this system and also thtakility was also examined through the chi-squast. tThe chi-
square value firmly suggests that the pseudo-seoatet model is a suitable model of this system.
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