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ABSTRACT

Chitosan is a natural biopolymer which is consideas a promising adsorbent to remove heavy metain f
wastewater due to its good adsorption propert@s,tbxicity, and availability. Identification anchalysis of the factors
affecting the removal of hexavalent chromium usaittosan are vital for the treatment of Cr coritagnindustrial
effluents. Main factors which affect removal effiocy include effluent Cr concentration, chitosaadiog, mode of
operation, pH and presence of other ions. Restitti®study show that Chitosan can efficiently ca@ Cr (V1) at low Cr
concentrations, showing higher adsorption capatigyyn most other natural adsorbents. A study onrptlea kinetics
using Langmuir and Freundlich isotherms showed thatacquired data fit better with Freundlich iswth. Higher
adsorption capacities were observed at acidicwitich can be attributed to the protonation of angreups. Presence of

Clions was shown to have a negative impact onratiea efficiency
KEYWORDS: Adsorption, Chitosan, Chromium (VI); Equilibrium Rinetics
INTRODUCTION

Chromium (Cr) can be present in aqueous mediaeiridims of Cr (lll) and Cr (VI). Cr (VI) is widelpresent in
the waste streams of metallurgical industry andacéry industry while Cr (Ill) is present in th&leents of the tannery,
textile and decorative plating industries (Kot Stasicka, 2000). Chromium is considered onehef most hazardous
pollutants in industrial wastewater streams duéstdoxic nature. Hexavalent Chromium [Cr (VI)] listed as a known
carcinogen and also can cause other adverse heféditts such as kidney and liver damage and nakal, and eye
irritation and ulceration ("Hexavalent Chromium015). Conventional methods of Chromium removal freastewater
include chemical precipitation, membrane filtratioon exchange, and magnetic separation. Theseodwtigies give
inherent problems such as sludge formation, higst and inability to achieve the required level emoval efficiency
(Bhaumik, Setshedi, Maity, & Onyango, 2013; Chu &sHim, 2007; Hu, Chen, & Lo, 2005).

Use of different biomass as adsorbents to removlniens from water has been researched and peblish
(Owlad, Aroua, Daud, & Baroutian, 2009). Adsorbewtsich have shown good chromium removal properiietude
olive pomace, sawdust, coconut shells and hazelhells (Malkoc, Nuhoglu, & Dundar, 2006; Owlad ét 2009).

Hazelnut shells have shown up to 99% of Chromiumré@moval under acidic conditions (Owlad et alQ20

Chitosan, a natural biopolymer which is commonlyrfd in exoskeletons of invertebrates or cell waflsnost
fungi has shown promising results as an adsorbRhaZi et al., 2002). Chitosan can easily be prodiune alkaline
deacetylation of chitin. The metal adsorbing apitif chitosan arises due to the presence of fremegroups which

enables it to chelate the ions of transition metdistal ions which have shown highest affinity éhitosan are Ct, Hg™,
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Zn** and Cd*(Rhazi et al., 2002). Previous researches haveshisan that chitosan can be used as a potentiattzefst
for the removal of Cr and among the two forms abehium, Cr (VI) is shown to have a higher affinftyr chitosan than
Cr (Ill) (Maruca, Suder, & Wightman, 1982; Ngah,{ari, Fatinathan, & Ng, 2006; Udaybhaskar, lyen§aRao, 1990).
It has also been shown that the adsorbed chitosareffectively be desorbed using HNénd EDTA, thus making it a
reusable adsorbent (Ngah et al., 2006).

Most of the previous research on chitosan batcbratien have focused on identifying the optimum ditinns
and characterizing the adsorption behavior. Howeirerindustrial applications of chitosan as an adsnt, multiple
factors have to be considered including the metifaatisorption (batch or packed-bed), particles sizehitosan, a range
of pollutant concentration, an effect of pH andserece of various ions in the solution. In this aesk, a comprehensive
study on the removal of Cr (VI) from a solutionngsichitosan as an adsorbent was carried in thé logteration. Further,
analysis of adsorption behavior, determinatiorhef éffects of Cr (VI) concentration, pH and otlars on adsorption was

investigated.

MATERIALS AND METHODOLOGY

Materials

Waste shrimp shells which were used as the rawriabte produce chitosan were collected from restats. 1,5-

diphenylcarbazide (Sigma Aldrich) was of analytigedde and all other chemicals were of laboratoage.
Preparation of Adsorbent

Preparation of chitosan was based on a previoeares (Mendis et. al 2017). Firstly, shrimp shelese washed
with hot water to remove residual meat and otheauirities and then dried at 166. Dried shrimp shells were ground to a
particle size less than 250 pm. Ground shells wersineralized by treating with 0.25 M hydrochlagicid solution for 15
minutes at room temperature and deproteinized dmgtitrg with 1 M sodium hydroxide solution for 24une at 70 °C.
Decoloration was achieved by treating first witht kthanol and then with boiling acetone and theltieg product was
deacetylized by treating with a 45% sodium hydrexsdlution at 105 °Cfor 7 hours.

Batch Experiments

2 g of chitosan was added to 2 L of chromium sohsiof selected concentrations and kept stirringnet36C
temperature at selected pH. Solution pH was adjusseng 1 M HCI and 2 M NaOH. 1 ml of the solutimas withdrawn
using a pipette in 5 min intervals and analyzeddo(VI) concentration. Equilibrium curves were aibed by plotting the
residual chromium concentration against time. Siegailibrium was reached before 2 hours of openatar solutions
having 0.1, 0.5 and 1 mg/L Cr concentrations, fbthe experiments reaction time was limited toduts. Effect of Cl ion
concentration on the removal of Cr was studied d&nyimg NaCl concentration while maintaining Cr (dncentration at
1 mg/mL.

DETERMINATION OF CHROMIUM ION CONCENTRATION

Chromium ion concentration was determined using\iBible spectrophotometry, based on the formatibthe
purple colored complex between Cr (VI) and 1,5-dipficarbazide(Balasubramanian & Pugalenthi, 1999l of
Chromium solution was withdrawn to a volumetricstaand 3 ml of 6 N sulfuric acid solution and 2 ofl 1,5-

diphenylcarbazide solution (prepared by dissoh2B§ mg of 1,5-diphenylcarbazide in 100 ml of acejomas added. The
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solution was dilutedup to 50 ml using distilled water and shaken thghdw for fullcolor developmentThe Color was
measured at a UVisible spectrophotomete(SHIMADZU UV-1800 Model) at 540 nm. At higher Chromiu

concentrations, the extracted samples were diintedderto maintain the absorbance in the linear ra

RESULTS AND DISCUSSIONS

Characterization of Chitosan

FTIR spectrum can be used to determine the DedrBeacetylizatio (DDA) of chitin to chitosan and Figure
shows the FTIR spectrum of the chita prepared in this study. Aedree of deacetylization can be calculated u

equation (1(Baxter, Dillon, Anthony Taylor, & Roberts, 92).
(A1659Azs50 X 115% 1)

DDA is a measure of the content of amine grougthe molecular chain. It is reported that DDA ta great effect
on physiochemical properties of chitosan such asdphilicity, crystallinity, degradati¢, and bio-compatibility (Yuan,
Chesnutt, Haggard, & Bumgardner, 2(C. Under acidic conditions, amine groups in Chitosan protonate, increasing t
polyelectrolyte charge whicstrongly affects molecular structure and imolecular interaction As a result, deacetylation
provides more sites for adsorption and hence makéesan a better adseniHe et al.,, 2016; Singh & Nagendr:
2016) DDA of prepared chitosan sample was 92% whiclicatds that more acetyl grcs have been removed and am

acid groups have been exposed.
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Figure 1: FTIR Spectrum for Prepared Chitosan
Equilibrium Curves

Equilibrium curves obtained for the adsorption off@m 1, 0.5 and 0.1 g/L solutions using chitc are given in

Figure 2 (a-c)

Impact Factor (JCC): 3.2986 www.bestjournals.in




Danadhi Gunawardana & Sanja Gunawardena

ZE‘ 1.02 g 0.5
E’ 1004 ¢ o (@) C =1 mg/ml ? (b) C = 0.5 mg/mL
= e = 0504
S 0981 5 .
E * § L]
€ 096 o £ 0484 .
) o @
2 . o 2 *
8 0.94 . 8 0.46 1 ° o .
E 0921 . £ ‘e .
E . . ‘€ 0.44- °
go.gm cee® e, s R
© s . . . . . O o4 . . . . .
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time (min) Time (min)

(a) (b)

_EI U.1Ut

£ 0.1004 (c) C=0.1 mg/mL

c [ ]

S 0.0954 e

m L]

g 0.090 - < ..

g * .

G 0.085- c .,

O . ° o

§ 0.080 . .

L]
E 0.075 * " °
o
0.070 . . . .
0 20 40 60 80 100 120
Time (min)
(©)

Figure 2 - Equilibrium Curves at Chromium Concentrations of
(@) 1 mg/mL, (b) 0.5 mg/mL (c) 0.1 mg/mL at 38C Temperature and 5.0 pH.
Equilibrium is Achieved within a Shorter Time for Higher Cr (VI) Concentrations

As seen from equilibrium curves, all three systemached equilibrium before 2 hr at all chromium
concentrations. Higher the chromium concentrattworter the time required to reach the equilibridthhigher chromium

concentrations there are more interactions betwhosan particles and chromium ions, leading stefiaadsorption rates.

Equilibrium capacity can be determined using equiatP)

—(Co=Ce)V
w

Q

)

Where G and G are initial and final chromium concentration (m/nV is the volume of solution (ml) and w is

the weight of chitosan (mg)

The equilibrium capacities at each of these comatiare given in Table 1.

Table 1: Percentage removal and Equilibrium Adsorpion Capacities at
Three Different Chromium Concentrations

Chromium Concentration | Percentage Removal Chro(r:n;lszcﬁstake
0
(g ) (g Chromium/g Chitosan)
0.1 23.77 0.024
0.5 13.82 0.069
1.0 10.22 0.102
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According to Table 1, uptake capacity was increasbédn the chromium concentration was increasedenthi
percentage removal of chromium was decreased. bihavior is explicable because more chromium i@rs attach to
chitosan particles when the ion concentration ghhHowever, at higher Cr (VI) concentrations, ab#n particles get

saturated fast reducing the percentage removal.

The previous study on packed bed adsorption to vemahromium ions using chitosan showed adsorption
capacities of 0.062 g/g, 0.088 g/g and 0.189 g/ghadbmium ion concentrations of 0.1, 0.5 and 1.0mhgespectively
(Mendis et al., 2017). These data imply that padked adsorption is significantly more effectivertHzatch adsorption.
However, in batch adsorption, treated wastewaterumiform quality, while in packed-bed adsorptibe effluent water
quality varies as the bed gets saturated.

The maximum adsorption capacity of chitosan is @igihan most reported adsorbents including sawduggr
cane bagasse, coconut husks and eucalyptus baik &Rant, 2006). The highest removal efficiendyGr (V1) ions is
reported for activated carbon (Arris & Lehocine, 120 Sarin & Pant, 2006). However, compared to attie carbon,
chitosan is less toxic and can be easily produsddgunatural resources. Therefore, chitosan canopsidered as an

effective adsorbent to remove chromium ions fronsteaater.
EFFECT OF CHROMIUM CONCENTRATION

Variation of chromium uptake capacity with variomgtial chromium concentrations is shown in FigureAs
seen in Figure 3, a steady increase of chromiumkaptapacity can be observed with increasing chnon@oncentration.
However, a variation of chromium uptake capacitthvdioncentration is non-linear and the gradierthefcurve tends to
decrease at higher chromium concentrations. Thig lmeaa result of saturation of active sites inaain with chromium
ions. Therefore, removal of chromium using chitosauld be most efficient if chromium concentratisrmaintained at
values less than 0.5 g/L. Since the chromium canagon in most industrial wastewaters lies witttie range of 0.01 g/L
- 0.5 g/L, chitosan can be used effectively forochium removal in most industrial applications (Dbana & Yadav,
2009).
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Figure 3: Variation of Chromium Uptake Capacities with Different
Initial Cr Concentrations at 30 °C and 5.0 pH. Uptake Capacity
Increases Non-Linearly with initial Cr Concentration

Equilibrium isotherm and its Langmuir and Freunklidepictions are given in Figure 4, and Langmuid an

Freundlich’s coefficients are given in Table 2.
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Figure 4 a) Equilibrium isotherm for Hexavalent Chromium
b) Lanmuir representation of isotherm
¢) Freundlich representation of isotherm.
Freundlich plot gives a better fit for the acquireddata

Table 2 - Langmuir and Freundlich constants for themodel

Langmuir Freundlich
Q b Kf n
0.183 | 0.767| 0.339 1.336

As shown in Figure 4, Freundlich plot gives a lrefitethan Langmuir plot. Langmuir isotherm is bdsen the
assumptions of monolayer adsorption and limitedvacsites, which means once an ion is attachechtactive site, no
further adsorption can take place at that siteeBiwn of the experimental data points from Langrisgtherm may be a
result of this system not satisfying those two agstions. The Rvalue for the Freundlich isotherm is 0.93, showiinat

the Freundlich equation can be effectively useexiglain adsorption behavior.

The behavior of adsorption isotherm can be expthirsing the dimensionless separation factowRich is defined by

1
1+bC¢

RL =

For effective adsorption, Rvalue have to be between 0 and 1.vBlues above 1 imply very weak attachment to

the surface, which leads to reduced Chromium reieffigiency. On the contrary, Rvalues which are very close to zero
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are the sign of irreversible attraction, which eudifficulties in the regeneration of the adsotk{dlgah et al., 2006). R
values obtained for each initial Cr (VI) concerntyatare given in Table 3, which shows that fori@itCr (VI)

concentrations between 0.1-1 g/L, separation fdigsiin the favorable range.

Table 3: Separation Factors at each
Initial lon Concentration

Co(g/) [Ci(glL) | R
0.1 0.076 | 0.945
0.2 0.176 | 0.881
0.3 0.315 | 0.805
0.4 0.372 | 0.778
0.5 0.390 | 0.77¢
0.6 0.572 | 0.695
0.7 0.653 | 0.666
0.8 0.721 | 0.644
0.9 0.812 | 0.616
1.0 0.932 | 0.583

The values of Q and Kobtained in this experiment are somewhat lowen tha values reported in the literature
(Ngah et al., 2006; Sankararamakrishnan, Dixitntyg, & Sanghi, 2006), which may have resulted friim lack of
porosity in Chitosan particles. Low Q and Walues imply difficulties in surface adsorptionhish may be the reason for
comparatively low Chromium removal percentage. Redyuthe particle size further or using porous Gtain beads are

potential techniques to improve the adsorption lafothium ions on the surface.
EFFECT OF PH

It can be seen in Figure 5 that the Chromium uptedeacity decreased with increasing pH throughbat t
selected range of 4 to 10. A rapid decrease inkeptapacity has been observed from pH 6 to 7, cordpto the
comparatively slow decrease from pH 4 to 6 and bl 70. These results suggest that chromium remiswabst efficient
at acidic pH, which agrees with previously reponteatk (Udaybhaskar et al., 1990). At acidic coradis, Cr (VI) exists
as CpO- ions, and the amine groups in Chitosan are proéohaiving a positive charge to Chitosan particlése strong
interactions between positively charged Chitosath megatively charged @p,% ions increases the uptake capacity of
Chitosan at low pH values (Ngah et al., 2006; Searkanakrishnan et al., 2006).
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Figure 5: Variation of Chromium Uptake Capacity with pH.
Uptake Capacity is Higher at Acidic pH, with a Gred
Reduction in Capacity from pH 6 to 7
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Effect of Cl lon Concentration

The effect of Cl ion concentration was analyzedaliding NaCl. In this experiment, Chromium conceitra

was fixed at 1 mg/ml.
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Figure 6: Variation of Chromium uptake Capacity with
Cl- lon Concentration. Uptake Capacity is
Reduced at Higher lon Concentrations
A decrease of chromium uptake capacity could bemwesl at increased ion concentrations, as showigimre 6.
This can be attributed to the binding of ©hs on the binding sites of chitosan. Attachnafmegatively charged Cions
to the positively charged amine groups in Chitosdhreduce the number of available sites for chiwm adsorption, thus

reducing chromium uptake capacity

CONCLUSIONS

Chitosan can be used as an effective adsorbemefooval of Hexavalent Chromium, especially at low(@l)
concentrations. Chromium adsorption capacity oft@an was determined to be 12 mg/g at 0.1 mg/mI(\Qy
concentration and 51 mg/g at 1 mg/ml Cr (VI) conicaion, which is higher than most of the repont@tlural adsorbents.
While higher Cr (VI) concentrations lead to higlasisorption rates, the percentage removal of Cr f¢bomes lower.
Highest adsorption capacity is seen at acidic phh & drastic reduction between pH 5 and 6. Whaéch adsorption
using Chitosan has given positive results, a coimparbetween batch and packed bed modes showsdhthuously

packed bed adsorption is the most efficient metbag@move hexavalent Chromium from Chitosan.
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