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Abstract

Removal of Mn(Il) ions from aqueous solution thrbwagsorption on to Tamarindus Indica Fruit
Nut Shell (TFENS) in its pristine and acid treatednis was studied. TFNS a tannin-containing
material was characterized by porosity, SEM andR-aihalysis. Experiments were carried out as
function of pH, concentration of metal ion, amouwrft adsorbent and contact time. The
equilibrium characteristics of Mn(ll) adsorption svaescribed by Freundlich and Langmuir
isotherms. The kinetic data were fitted to pseuds-brder, pseudo-second-order,
chemisorption, fractionary order and Weber-Morrigdel. Based on error function analysis, it
may be concluded that pseudo-second-order and sbgstion models gave a better
representation of the data compared to other modéle monolayer adsorption capacities of
pristine and acid treated forms of TFNS were fotmde 122 and 182 mg/g respectively. A
compression has been drawn on the extent of bibeorpetween pristine and acid treated form

of TENS. Due to their outstanding adsorption capes;i TFNS is an excellent adsorbent for the
removal of Mn(ll) ions.

Keywords: Biosorption; Mn(Il); Tamarindus Indica Fruit Nut &8lh Kinetics; Adsorption
models; Isotherm.

Introduction

Heavy metals in the environment are of great candee to their recalcitrance and consequent
persistence [1]. Manganese is the second most abtintetal in nature. Mn(ll) and Mn(VIl) are
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essential micronutrients for organisms and pladtsvever, they become toxic at higher levels.
Manganese has variety of applications in cerandog,battery cells, electrical coils and many
alloys [2]. In addition to the disposal of untrehtdischarge from the above applications into
water, another major source of pollution of Mn iarfing of coal and oil. Exposure to
manganese causes neurotoxicity [3] low haemoglolamels [4] and gastrointestinal
accumulation [5]. Increased knowledge about toxigmal effects of heavy metals on the
environment is well recognized and therefore, itriperative to search for multifarious methods
to reduce water pollution [6, 7].

Among the many methods available for the removataafe metals from water namely: chemical
precipitation, ion exchang, electrochemical treattnecoagulation, solvent extraction and
membrane process. But these techniques have liom$af8] and often are neither effective nor
economical especially for the removal of heavy ised& low concentrations. Biosorption offers
the advantages of low operating cost, minimizatérvolume of chemical and/or biological
sludge to be disposed, high efficiency in detoxifyieffluents and no nutrient requirement [9].
Biosorption is a fast and reversible uptake offthavy metals with micro organisms or biomass.
Numerous biological low-cost adsorbents have bested for the removal of toxic metal ions
from aqueous solutions over the last two decad@slI]l. The by-product obtained from
biomaterial production is a cheap source of biosoth

Tamarind is marketed in India in the form of pulpripe fruit from which seeds have been
removed [12]. This seed is considered as a wastdupt and can be acquired at a low price [13].
The seed testa contains 40% of water soluble cgdvates and pectins and 60% tannins and
colouring matter [14]. The testa is considered & dtructurally related to flavonoids and
condensed proanthocyanidins. Thus the testa isept@roxidation and undergoes progressive
polymerization under acidic conditions [15]. Randald Vazquez reported that certain groups
of tannins present in the testa are the activeispac the adsorption process [16,17]. Srinivasa
Rao studied the adsorption of Cr(VI) ions from ampgesolutions on crude tamarind fruit shell,
HCI and oxalic acid treated shells [18]. Ajithadied the adsorption of chromium, copper and
nickel ions by tamarindus indica fruit nut test®][1IRemoval of Pb(ll) through adsorption by
carbonized tamarind seeds and seed coats was aeépoyt Nagarajan and Prabhavathi [20].
Agawaral studied the biosorption of aqueous chrom{i¥’l) by Tamarindus seeds [21]. Only
problem with tannin-containing materials is discaton. This was overcome by washing the
material several times with double distilled wafBne acid treatment of the testa instantaneously
resulted in the loss of colour as well as an irseda adsorption capacity.

The present study aims at investigating the bidgmrpf manganese (Il) on Tamarindus Indica
Fruit Nut shell (TENS), and HCI treated nut sheldacompare their performance. The effect of
contact time, solution pH, concentration of metals and amount of biomass on the extent of
adsorption are also studied and compared. Thei&inetta are fitted to pseudo-first-order,
pseudo-second-order, chemisorption, fractionaryerordnd Weber-Morris reaction kinetic
models and the rate constants are evaluated. TinBbegm data are fitted to Langmuir and
Freundlich isotherm models. Further the biosorbardscharacterized by FTIR.
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M aterials and methods

Biosorbent

Tamarind Fruit Nut Shells, a waste product of tanthpulp, are used for the removal of Mn(ll)
ions from aqueous solutions. These tamarind fiudls have been collected in Tirupati town,
A.P., India, and are powdered and sieved to gdbumi60-80 mesh size particles were used.
They are washed thoroughly with distilled water anied in a oven for 2 hrs at 8D. It is used
as a biosorbent.

Pre-treatment of the biosorbent

The pre-treatment of tamarind nut shells is caraetlto increase the metal uptake. About 10 g
of the tamarind shells are treated with 100 mL Nf HCI for 24hrs and kept on water bath

(70°C) for half an hour. It is cooled and neutralizeithwiN NaOH. The filtrates are separated
and are dried in an oven for four hours &t@&0

Preparation of manganese solution

A stock solution of Mn(ll) is prepared by dissolgian accurate quantity of Mn$8,0 (Merck
Ltd., Germany). The stock solution of Mn(ll) is peged by dissolving 3.077 g of manganese
sulphate monohydrate in 1 litre double distilledavavhich was contained 1 g/l of Mn(ll) ion.
The range of concentrations prepared from stocktisols has been varied from 100 to 400
mg/L. All chemicals were used of analytical gradeained from Merck Ltd, Germany. Double
distilled water was used in preparing the stockitsmhs and also throughout the experimental
analysis. The initial pH adjustments were carriatieather by HCI and NaOH.

Batch studies

100 mg of biosorbent is suspended in 100 mL of hehution taken in 125mL Erlenmeyer
flasks and agitated at 150 rpm on a Lab line rojadhaker. Samples are withdrawn at periodic
intervals and filtered using Whatman No.1 filteppa The concentration of Mn(ll) remaining in
the filtrate is analyzed by UV Visible Spectro-ptiieter (Elico-SL 177) at 545 nm. The effect
of contact time, metal ion concentration, adsorbdodée and effect of pH are studied. The
amount adsorbed per unit mass of adsorbegtié@btained using the following equation.

Q.= (CC) y (1)

m

where Q (mg/g) is the adsorption capacity at equilibriuGy,and G denote respectively the
initial and equilibrium concentrations of Mn(ll)na& m is the mass of the adsorbent. The effect
of pH on adsorption was studied by carrying outeékperiment at different pH values, keeping
the concentration, volume of adsorbate solutionamndunt of adsorbent constant. The effect of
adsorbent dose on adsorption of Mn(ll) was studigdagitating 100 mL of 100 mg/L metal
solution with different amounts of adsorbent.

Statistical evaluation of the kinetic parameters

The Marquardt’'s percent standard deviation (MPSBgrefunction [22] is employed in this
study to find out the suitable kinetic model toregent the experimental data. The MPSD error
function has been used previously by a numbers#archers in the field [7]
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2
Ferror (%) =100x i{q'mwe'_q'ewj ( L j @)

i qiexp p_l

where, @ model IS €ach value ofj predicted by the fitted model and g, is each value ofj
measured experimentally and p is the number ofraxpats performed.

Results and Discussion

Characterization of the biosorbent

Porosity

Porosity is one of the factors that influence theeroical reactivity of solids and physical
interaction of solids with liquids and gases. Petgrosity is measured by taking one gram of
the biosorbent and these values are presentedble TaAcid treated biosorbent showed higher
percent porosity, which means that more pores\aadle for adsorption of metal ions after the
acid treated biosorbent. Thus porosity is one efdharacteristics that decide the strength of the
adsorbent to absorb the adsorbate.

Table 1: Porosity of biosorbent

Biosor bent Por e volume Por e density g/cc % porosity
Pristine Tamarindus fruit nut shell 0.19 5.26 28.00
Acid treated Tamarindus fruit nut 0.22 4.48 33.70
shell

Fourier Transform Infrared (FTIR) Studies

Numerous chemical functional groups such as hydra@&yboxyl, amine, sulfonic, ester, etc. are
identified as potential adsorption sites to be easble for binding metallic ions to TFENS. FTIR
spectra given in Fig. 1, show peaks at 3330-3382 icwicating the stretching of O-H group of
macro molecular association [23], the band at 2981 assigned to stretching of -GHbond of
methylene groups and the weak band at 2853 [@4] is assigned to -CH- bond of methylene
group present in TENS [23,24].

The sharp peaks observed at 1526 and 1443ierRigure 1a and Figurelc are assigned to C=C
ring stretch of aromatic rings [23], but these meake absent in the acid treated forms(Fig.1b,
Fig.1d).This indicates that there is a possibiitying cleavage after pretreatment of biosorbent.
Thus the binding capacity of the acid treated foisnisigher than the untreated form. According
to Huang and Huang, acid treated biomass contaanbdyher percentage of surface nitrogen
[24]. This indicates that acid treatment may digsgbolysaccharide compounds in the outer
layer of the cell wall and produce additional bimglsites. Acid treatment results in clean-up of
the surface impurities, stabilization of the suef@ompounds, and increasing the surface area by
opening the available sites for metal adsorption.
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Figure: 1 FTIR spectra of (a) Untreated TFNS (b) Treated TFENS (c) Mn(l1) loaded on
untreated TFNS (d) Mn(I1) loaded on treated TFNS.
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Effect of pH

Since the solution pH can significantly influenbe removal of heavy metals. Experiments over
a range of pH values (2-8) with 100 mg/L of Mn@blution are conducted. The result shown in
Fig. 2 indicate that maximum uptake of Mn(ll) iotekes place at pH 4 and decrease in
adsorption capacity on either side of pH 4.

To understand the adsorption mechanism, it is sacgdo determine the pH at point of zero
charge (pH,) of the adsorbent. Adsorption of cations is fawou@at pH>pk,. while the
adsorption of anions is favoured at pHsgHThe value of pHpzc of tamarind seeds was 6. The
surface charge of the Tamarind seed is positiveoygH range 6 and above pH 6 Tamarind seed
would have a net negative charge [21]. Tamarindgmalls are a rich source of proteins and
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amino acids [25]. Some functional groups, such asn@s, are positively charged when
protonated and may electrostatically bind with negly charged metal complexes. At lower
pH, the biosorbent is positively charged due tagration and metal complex exists as anion
leading to an electrostatic attraction between th@mpH increases, deprotonation starts and
thereby decrease in electrostatic force of atimachetween the adsorbent and adsorbate ions.
Hence adsorption capacity decreases. As the phHedmes, the overall surface charge on
tamarind seed became negative and biosorption alssmie Marathe have reported that tamarind
seeds have excellent stability over acidic pH rd2§¢

100
90 ~ —e—Untreated TENS
80 - —e— Treated TFNS
70 +
60 +
50
40
30
20 1
10

O T T T T
0 2 4 pH 6 8 10

Figure: 2 Effect of pH for adsor ption of Mn(I1) on pureand treated TFNS

Adsor ption capacity (mg/g)

Effect of adsorbent dosage

The effect of adsorbent dose on the extent of atisoris studied and it is found that the extent

of removal of metal ions increases with an increasthe amount of seed coat (Fig. 3). The

removal efficiency increases up to an optimum ddmsgjond which the increase in removal
efficiency is negligible for a given initial condeation. This is to be expected because given
fixed initial solute concentration, increasing #msorbent dose provides greater surface area or
adsorption sites. The results indicate that theatard seed coat in pristine and acid-treated
forms removes 96% and 98% of Mn(ll) respectively.
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Figure: 3 Effect of adsorbent dose on percent removal of Mn(I1) on pureand treated TFNS
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Adsor ption Kinetics

First-order kinetics

It should be emphasized that the nature of the In@tesorbent interactions is likely to be

different for different biosorbents so that biog@p of metal ions on a particular biosorbent
could be a reaction kinetic controlled process, ifusion controlled process or even a
combination of both. Mn(ll) adsorption data on TFE&d treated TFNS are fitted to pseudo-
first-order rate expression as given by,

log(Q. -Q) =logQ, _[%osjt 3

where Qand Q are the amounts of metal ion adsorbed per unisrahadsorbent at equilibrium
and at time t (min). Kis the rate constant of adsorption. Values0aie presented in Tables 2
and 3.

Table 2: Values of kinetic parameters for adsorption of Mn(l1) on untreated TFNS

Initial concentration of Mn(ll) mg/L

Kinetic Model Parameter
100 200 300 400
K, 0.018 0.015 0.015 0.015
oseudo-firstond R? 0.901 0.990 0.979 0.905
seudo-Tirst-oraer
udo-t MPSD 50.9% 88.5%  93.6%  81.5%
Ko 0.0006 0.0006  0.0006 0.0006
pseud g R? 0.997 0.999 0.999 0.999
Seu %‘Sec"” T Qe 86 176 256 371
oraer MPSD 4.4% 2.6% 2.9% 8.7%

a (Mg g-1 min-1) 67.36 8349.8  4.23¥10 2.9x1G
B (g/mg) 0.092 0.07 0.07 0.03
2

: : R 0.996 0.995 0.999 0.997
Chemisorption MPSD
2.8% 1.5% 1.8% 1.3%
Kav(min-1) 0.001 0.001  0.001 0.001
Qe 23.73 25.11% 25.93 65.24
Fractionary order n 0.5 0.3 0.3 0.4
R? 0.969 0.993 0.9724 0.9375
MPSD 852% 97.3% 1430006  94.7%
Kig 2.483 2.924 3.309 8.069
Weber-Morris  R? 0.944 0.957 0.951 0.930
C 45 130 213 245
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Table 3: Values of kinetic parametersfor adsorption of Mn(l1) on treated TENS

Kinetic Model  Parameter Initial concentration of Mn(ll) mg/L

100 200 300 400
Ky 0.01 0.015 0.01 0.013
Pseudo-first- R® 0.928 0.939 0.954 0.952
d
oraer MPSD 81.8% 78.4% 97.9% 99.5%
K, 0.0005 0.0005 0.0005 0.0005
psoud R 0.991 0.999 0.998 0.999
Seuao- Qe 101.00 196 286 345
second-order MPSD
6.9% 3.2% 3.8% 3.1%
(rxni(rTg)g-l 114.43 4188 6.37x16  3.83x10
 B(g/mg) 0.08 0.06 0.08 0.06
Chemisorption R2 0.899 0.9482 0.7709 0.9515
MPSD
3.3% 1.6% 1.2% 0.7%
Kav(min-1) 0.0007 0.0009 0.0007 0.0008
Qe (cal) 22.93 33.61 27.49 27.21
Fractionary n 0.5 0.3 0.2 0.1
order R 0.9855 0.9766 0.9913 0.9477
MPSD 100.9% 99.9% 103% 103.8%
Kig 2.775 3.694 3.816 4.128
Weber-Morris R? 0.927 0.928 0.951 0.989
C 54.00 138 225 284

Chemisorption

The Elovich equation is for general applicatiorckemisorption kinetics [26]. The equation has
been applied satisfactorily to some chemisorptimt@sses and has been found to cover a wide
range of slow adsorption rates. The equation oftaid for systems in which the adsorbing
surface is heterogeneous, is represented as

Q= (%jln(aﬂ) {Eljln(t) @)

wherea is adsorption rate (mg/g/min) ads related to the extent of surface coverage had t
active energy involved in chemisorption (g/min).eTiots of In(t) vs Qare presented in Figs. 4
and 5. The values of andp for pristine and acid treated forms are givenabl€s 2 and 3.
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Figure: 4 Elovich model for adsorption of Mn(I1) on untreated TENS.
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Figure: 5 Elovich model for adsorption of Mn(l1) on treated TENS

Fractionary order

Possible change of the adsorption rates as funofitime initial concentration and the adsorption
time, as well as the determination of fractionairyekic orders, still lack in the kinetic adsorption
models as reported in the literature. In this waayalternative fractionary order kinetic equation
proposed by Avrami [27] is used to analyze the dathe present study,

a =1-expf Kyt ) (6)

wherea is adsorption fraction (dge) at time t, kv is the Avirami kinetic constant (mifj) and n
is a fractionary reaction order. The values arewgiVables 2 and 3.

3.4.4. Second order kinetics
Experimental data are also analyzed in terms ofigissecond-order kinetic model which is
given in the following equation,

t 1 1
- = 5 + _t
Qt kZQe Qe

(7)

where k (g mg'min™) is the rate constant of the second-order equa@p(mg/g) is the amount
adsorbed at time t (min) and. @ the amount adsorbed at equilibrium (mg/g). Thisdel is
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more likely to predict the kinetic behaviour of ag#tion with chemical sorption being the rate-
controlling step. The rate constang)(kcalculated from the slopes of the plots of ¥Qtt along
with correlation coefficients of the plots and #weperimental and caluculated values Qfa@e
given in Tables 2 and 3.

From Tables 2 and 3, it is observed that the erparial data are well fitted to pseudo-second-
order kinetic and chemisorption kinetic models witv error function and high ®alues, for
the four initial concentration levets the Mn(ll) ions. The chemisorption model giveledter fit
compared to the pseudo second-order kinetic maete it presented lower error function
values. It should be stressed that only the armbfsR values to establishment of a given model
is not enough, because the error function evaluttiesdifferences associated with each
individual points fitted by the model in relation each experimental point measured. This
observation supports the contention that the atisorpf Manganese on TENS follows pseudo-
second-order kinetics and chemisorption models. glbts of time (min) Vs. t/Qobtained for
the adsorption of Mn(Il) onto TFNS and pre-trealéNS at different concentrations are shown
in Figs. 6 and 7.

¢ 100 mg/L

25| = 200 mg/L
A 300 mg/L

>l ® 400 mg/L

(0] 50 100 150 200 250
Time (min)

Figure: 6 Second order kineticsfor adsorption Mn(l1) on untreated TFNS.

2.5

<+ 100mg/L
= 200mg/I
2 A 300mg/L
® 400mg/L

o 50 100 150 200 250
Time (min)

Figure: 7 Second order kineticsfor adsorption of Mn(I1) on treated TENS

Weber-Morris method
An intra particle diffusion model proposed by Webad Morris can be written as follows:
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1/2

Q = kigt  *C (8)

where Q(mg/L) is the amount adsorbed at time t (mim)(rkg g* min™?) is the rate constant of
intraparticle diffusion. C is the value of intertephich gives an idea about the boundary layer
thickness, i.e. the larger intercept; the greatehe boundary layer effect. The intra particle rat
constant k; (mg g* min/?) and intercept C (mg/g) are given in Tables 2 &nthe linear plot of
Q. vs. 2 with zero intercept indicates that intra partidi§fusion alone determines the overall
rate of adsorption. The plots are not passing timoarigin indicating that the intra particle
diffusion is not the only rate determining factor.

Adsor ption isother ms

Langmuir isotherms

Langmuir model is often used to describe equiliori@dsorption data. This is valid for
monolayer sorption on to a surface with a finitenfwer of identical sites and is given by:

_Q°pC,

= 9
Q. 1+bC, ®)
where @ is the maximum amount of the metal ion adsorbedupé weight of TFNS to form a

complete monolayer on the surfaces at equilibrimmcentrations and b is related to affinity of
the binding site. @and b are determined from the liner plots (FigL&) vs. 1/Q.

0.18
016 - ¢ Untreated TFN$

® Treated TFNS
0.14 -

0.12 ~
0.1
0.08 ~
0.06 ~
0.04
0.02 ~
0 w \ \ \ \

0 01 0.2 0.3 0.4 0.5 0.6

1/Ce
Figure: 8 Langmuir isother msfor adsor ption of Mn(I1) on pureand treated TFNS Table 4:

1/Qe

Parameters of Langmuir and Freundlich Isothermsfor adsor ption of Mn(I1) on pristine
and acid treated TENS.

Langmuir Isotherm Constants  Freundlich Isotherm<Tamts

Adsorbent

Qo b R K¢ n R
Pristine
Tamarindus fruit 122 0.0164 0.992 2.7 1.2 0.992
nut shell
Acid treated
Tamarindus fruit 182 0.0218 0.999 4.6 1.2 0.999
nut shell
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Langmuir constants, Xand b, and correlation factor{Rare presented in Table Bhe values of
Q° appear to be significantly higher for Mn(ll) orated TFNS. Qvalues for Mn(ll) adsorption
on different adsorbents, represented in the liieeancluded in Table 5.

Table 5: Maximum adsor ption capacity Q°(mg/g) for adsorption of Mn(l1) by various

adsor bents
Adsorbent Q(mg/g) Reference
Granular activated carbon 2.5 [28]
Aspergillus Niger 19.3 [1]
Saccharomyce scerevisiae 18.9 [1]
Arthrobacter species 148.0 [29]
Cyanobacteriun Gloeothece manga 473-906 [30]
Pristine tamarindus nut shell 122.0 present Study
Acid treated tamarindus nut shell 182.0 Preserdy5tu

Freundlich isotherms
The widely used empirical Freudlich equation bagsedsorption on a heterogeneous surface is
given by:

Q. =K,C/r (10)

where, K and n are Freundlich constants, Kand 1/n indicate the adsorption capacity and
adsorption intensity, respectively. Higher the eatdi 1/n, higher will be the affinity between the
adsorbate and the adsorbent and the heterogeridie @adsorbent sites. Value of 1/n indicate
the relative distribution of energy sites and depem the nature and the strength of the
adsorption process. Linear plots (Fig. 9) of log &. log Q at different Mn(ll) ion
concentrations are applied to confirm the applidtgtof Freundlich isotherm. The values of K
and n, and correlation coefficients’jRre presented in Table 4.

2

18 ® Untreated TFENS
’ ® Treated TFNS

1.6

1.4

1.2

1

lagQe

0.8

0.6 1

0.4 1

0.2 1

(o] T T T T T T T T
(o] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
log Ce

Figure: 9 Freundlich isothermsfor adsor ption of Mn(I1) on pureand treated TNFS

18



A. Krishnaiah et al J. Chem. Pharm. Res., 2010, 2(1): 7-20

Conclusion

The results obtained in the present study showtémaarind fruit nut shells in its natural and acid
treated forms are excellent biosorbents for theorahof Mn(ll) ions. The maximum uptake of
Mn(ll) ions occurs at pH 4. Increasing the amourtiosorbent increases the percent removal of
the metal ions. Further the biosorbents are cheniaetl by FTIR spectral analysis. Based on the
lower error function values the kinetic data wemrdtdr fitted to pseudo-second-order kinetic
model and chemisorption model, when compared tadusérst-order, fractionary order and
Webber-Morris models. The data fits well to botmgeuir and Freundlich isotherms and the
monolayer adsorption capacities of tamarind fruit shell and treated tamarind fruit nut shell
are 122.0 mg/g and 182.0 mg/g respectively. Thegmtestudy clearly demonstrates the potential
of low cost biosorbent, tamarind fruit nut shellpristine and acid treated forms, is a suitable
alternative for the removal of Mn(ll) ions from aspus medium.
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