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ABSTRACT

The removal of Mn (Il) ions by adsorption usingrbass derived from Terminalia catappa fruit powdeswtudied
in a batch system. The influence factor such asimpitial concentrations, biosorbent dosage and esthtime were
also studied. Result showed that optimum pH foogid®n was 6, optimum contact time was 15 minatesbinitial
concentration of Mn (Il) was 6900 mg/L. The efigcbiosorbent dosage for Mn (Il) ions removal ardsarption
capacity also investigated. The optimum amount e&fappa fruit powder biomass to remove Mn (Ildavas 1 g,
and able to remove Mn (Il) ions up to 75.22%. Thestrption data were fitted to Langmuir isothermthwig =
0.9810. Characterization of T. catappa fruit powtémass was analyzed using Fourier Transform Iifeal (FT-
IR) spectroscopy and active functional group thaghh be involved in adsorption were —NH stretchiagd
carbonyl groups. The surface analysis before anerahdsorption was analyzed using Scanning Electron
Microscope (SEM). This research indicated thatadsorbent has a great potential to remove Mn (Bphf ageous
media contributing to an eco friendly technologydtficient bioremediation
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INTRODUCTION

The inorganic pollutants such as heavy metal ibas present in the ecosystem may cause a majoroanvental
problem. Not only contaminate the earth’s watehsag seas, lakes, ponds and reservoirs, but carc@daminate
the underground water [1]. The heavy metal contation may pose a significant danger to human hehithto
their non biodegradability and persistence, sait accumulate in the environment element suchas dbain, and
may pose a significant danger for human health [2].

Manganese is the second most abundant metal imenatwd has variety of applications in ceramics, ltery

cells, and many alloys. They also an essentialanigrients for organisms and plants. But they bextoric if they
exist at higher levels [3]. Exposure to manganesddccauses neurotoxicity [4], low hemoglobin lev§] and

193



Rahmiana Zein et al J. Chem. Pharm. Res., 2015, 7(9S):193-200

accumulation in gastrointestinal [6]. However, esige research has been conducted on the dischhrgetal ion
that contained in industrial effluent due to thegamce and accumulation of toxic effect on livipgaes [7].

Conventional processes such for metal ions remioeaide chemical precipitation, ion exchange, regessmosis
etc have several disadvantages such as requiredpnatessing cost and could generate secondary teeste
products [8] and also ineffective especially whée teavy metals ions are present in high concéorir§®].

Biosorption is a fast and reversible reaction ¢ tieavy metals with biomass [9]. Several agricaltwraste
materials have been studied and developed for ffieetiee removal of heavy metals like coffee hudl]} rice

straw [11], banana peel [12], apple wastes [13}pecshell [14] and grape stalks [15].

Tropical almond Terminalia catappg is a large, spreading tree distributed throughitwt tropics in coastal
environment. The dried leaves usually used for fiigsthogens treatment, as an alternative antibib@L The leaves
have antioxidant as well as anticlastogenic prigeriand various extract of leaves and bark o€atappahave
been reported to be anti cancer, anti HIV transasp [17] and hepatoprotective [18].

In this study, the potential af. catappafruit as biosorbents for the removal of Mn(ll) froagqueous solution was
investigated. The factor of pH solution, contawtdj biosorbent dosage, initial metal concentratias studied. The
equilibrium adsorption data were fitted with Frelichd and Langmuir isotherm models. Scanning Elettro
Microscope (SEM) and Fourier Transform Infra RedI® spectrometer were used to analyzed the suifate
biosorbent and functional groups which involveadsorption.

EXPERIMENTAL SECTION

Chemical and Apparatus

The biosorption experiments were conducted by ustogk standar solution (1000 mg/L) of MaCHNO; 65%,
CH;COOH 0,1 M and CH3COONa 0,1 M, N&I 0,1 M, NH,OH 0,1 M and NaOH solution. All reagents used are
analytical grade and obtained from E. Marck (DamdstGermany). The apparatus used are sieverphd0
analytical balance (Kern & Sohn GmbH), Rotary shalEdmund Buhler 7400 Tubingen), pH meter (Lovibond
Senso Direct), Atomic Absorption Spectroscopy (A¥&iant Spectra AA 240 Spectrometer), Fourier Thams
Infra Red (Unican Mattson Mod 700 using KBr pelletgrinder (Christy Hunt), Scanning Electron Miarope
(SEM SU 3500).

Samples Preparation and Biosor ption Studies

T. catappawere collected from home garden in Padang, them&sand wind dried on a filter pap@r. catappa
fruit that have been dried then crushed using grehd then sieved with siever with size @2 About 20 gram
of samples was soaked with 80 ml HNOr 2 hours. Then the fruit powder was rinsed tsfiked water and dried.
The effect of pH, initial concentration of metah& biosorbent dosage and contact time were imgatstl. The
characterization of biosorbent surface and funetignoups was conducted using SEM and FTIR.

RESULTSAND DISCUSSION

Effect of pH

In the biosorption, pH of solution has been foundbe the most important factor. The pH solutioreet the
speciation of metal ions and also the charge orstngtion sites [7]. pH is also affects the solityibf metal ions,
concentration of the counter ions on the functiogralups of the adsorbent and the degree of iooizatif the
adsorbate during reaction [19]. The result was shiowFig.1.

The optimum pH for adsorption capacityafcatappavas achieved at pH 6 with adsorption capacity 4988/g.
The same result was reported by Nazarugdial in 2014 [7] where the optimum condition M§pa fruticansMerr
shell was on pH 6 for adosorption of Cu(ll), Ph(nd Zn(ll). The similar result was also reporisdLi et al
(2011) where the optimum pH for biosorption usiad alga Palmaria palmatawas in the range 5-6 [20].
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Figure 1. Effect of pH on adsorption of Mn (I1) using T. catappa initial concentration 30 mg/L; stirrer speed 100 rpm; contact time 15
min; biosor bent dose T. catappa 0.25g

Effect of initial concentration

The effect of initial concentration of Mn (II) ordsorption capacity using. catappaflesh powder was shown in
Fig.2. It can be observed in constant pH, the em®eof initial concentration of Mn (Il), increastt sorption of
Mn (Il) by biosorbent, the decreased. The optimdrmitial concentration of Mn (Il) adsorption wasund at 6900
mg/L. Increasing the initial metal concentratiosuks in an increase in the biosorption capacitahse it provides
a driving force to overcome mass transfer resigtdmtween the biosorbent and biosorption mediunh [Pie
adsorption capacity decreased after concentra®® 6éng/L. This may be due to the lack of availaditve sites
required for the high concentration of Mn(ll) [22].
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Figure 2. Effect of initial concentration on adsorption of Mn(l1) with pH 6; 0.25 g biosorbent dose 0.25 g; contact time 15 min with stirrer
speed 100

Effect of biosor bent dose

The effect of biosorbent dose ©f catappdlesh powder on adsorption capacity was shown gndFi

195



Rahmiana Zein et al

J. Chem. Pharm. Res., 2015, 7(9S):193-200

biosorbent dose vs % removal of Mn (1)
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Figure 3. Effect of biosorbent dose of T. catappa on removal per centage at contact time 15 min; stirrer speed 100 rpm; pH 6

The study of the effect of biosorbent dose in nemgsand very useful in order to find out the optimamount off.
catappaflesh powder required to remove Mn (ll) ions. Asealed in Fig.3 the optimum removal percentage was
75.22% and reach at biosorbent dose 1 g. The effebtosorbent dose on sorption capacityTofcatappawas
shown in Fig.4. The optimum sorption capacity w&6€.48 mg/g with biosorbent dose 0.1 g. For a firestal
initial concentration, increasing the adsorbentedpsovides greater surface area and availabilitynofe active
sites, thus leading to the enhancement of metaljpake [23].
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Figure 4. Effect of biosorbent dose against sorption capacity

Fourier Transform Infra Red Spectroscopy (FTIR)
The FTIR spectra of. catappdlesh powder before and after adsorption was shiaviig. 5
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Figure5. FTIR spectra of T. catappa flesh powder; (a) before adsor ption; (b) after adsor ption

The sorption pattern of metal ions onto plant bissni attributable to the active functional groapsl chemical

bonds between them [24]. FTIR analysis is very it to estimate functional groups of biosorbéatt tmight

involved in the interaction with metal ions. FTIRadysis in range of 500 cfrto 4000 crit shows the presence of
N-H stretch at 3381 ctl) C=0 stretch at 1736.18 and N-H bend at 1597.28. dthe N-H and carbonyl groups are
considered as important sorption sites.

SEM analysis

In order to investigate the textural structure bé thiosorbent, SEM micrograph was taken before afibek

adsorption study ontberminalia catappdlesh powder (Fig.6).
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SEM micrograph of unloaded biosorbent indicatesatmaniform microporous structure of surface whiatlicate
that T. catappahave some good characteristic to be employed agatedsorbent for metal ions uptake. The
structure becomes rough after biosorption indicatire modification of the adsorbent.

Adsor ption I sotherm Studies

The equilibrium relationship between adsorbent audorbate are best explained by sorption isothdren t
biosorption isotherms describe the relationshipvbet the mass of the adsorbed component per bergonbass
and the concentration of this component in thetgwoil1]. Langmuir isotherm model is expressed2i:[

[« 1 1

—_ = 4 —

(@ gmb gm

Where q = mass of solutes adsorbed per mass ofteggpc = concentration of adsorbate in solutiorquilibrium
with the adsorbate, gm and b are constant whichedaged to sorption capacity and energy of sorbatained by
plotting c/q against c. The slope 1/gm while theeicept is 1/gm.b. The Freundlich linear form isegi by the
following equation [16]:

1
log g, = logK¢ + Hlog Ce

Where Kf is Freundlich constant and 1/n is an eiogirparameter related to the adsorption intensity.7 and
Fig.8 shows the isotherm model of Langmuir and Freundiégpectively.

Langmuir isotherm
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Figure 7. Langmuir isotherm of T. catappa

From the Fig.7 and Fig.8 the graphic of adsorpabin (ll) fit to Langmuir isotherm foil. catappaflesh powder
with the higher value of R= 0.9810 in Langmuir isotherm. The Langmuir isothemodel assumes a surface with
homogenous binding sites, equivalent sorption @éeergnd no interaction between sorbed speciesTfi} result
shown that biosorption of Mn (ll) with. catappdlesh powder leaves through chemisorptions process
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Freundlich I sotherm
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Figure 8. Freundlich isotherm of T. catappa
CONCLUSION

This study focused on the biosorption of Mn (lIhsoontoTerminalia catappaflesh powder as biosorbent in
aqueous solutions. The parameters investigateddimgy pH of the solution, contact time, adsorbemsadje and
initial concentration. The optimum removal percgetavas 79.22 % by 1 g adsorbent. The optimum sorpti
capacity from the experiment was 460.18 mg/g. Tduglierium adsorption experiments fitted well witlangmuir
than Freundlich isotherm models with correlatiorfficient R2 equals 0.9810. It can also be conduthetT.
catappais an effective and alternative materials for temoval of Mn (II) from wastewater because of itghhi
biosorption capacity, low cost and abundant avditgb
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