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ABSTRACT

Dimocarpus longan has been proposed to be a low lmosorbent. The adsorption ability of its seedl akin to
remove the Cr (VI) in aqueous solution has beerstigated in a batch method. Longan's seed showtdrb
ability compared to longan's skin at any experiraeobndition. Adsorption capacity showed the optimealues at
pH 3, initial concentration 300 mg/L, biosorbentséo0.25 g and contact time 15 min. Langmuir andufdéich
models have the value of R2 = 0.5408 and 0.8978ulReshowed that Freundlich model was better thamgmuir,
proposed a multilayer biosorption ofCr (VI). FTIRasved strecthing vibration of hydroxil groups,’ spkanes,
carbonyl groups, alkanes, and bending of primaryires. Both of the biosorbent also showed the dinedc
vibration of symmetric nitro compounds which supgdrby other peaks in the fingerprint area. SEMenbation
showed the surface of Dimocarpus longan has papesjules and fibers. Typical morphological damadmsnd
after biosorption. Based on Isotherm models, FTHd 8EM images, we suggested a physico-chemicalvpgth
could describe the metal sorption mechanism.
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INTRODUCTION

Heavy metal pollution is now being considered agoaldwide environmental concern. Heavy metalsansipgnt
and readily accumulate to toxic levels by findihgit way to water bodies through waste waters [1I¥tead of
environmental impact, the toxic hexavalent Cr (¥duld be exposed to human through inhalation, imgygsand
skin permeation of workers in leather tanning, mgtrproduction and stainless steel welding indest8]. Several
studies reported that Cr (VI) exposure could indhealth problems such as headache, nausea, sdaeteed,
vomiting, epigastric pain, hemorrhage, carcinogemd has an adverse potential to modify the DNAstaption
process [4-7]. Furthermore, Cr (VI) has been widesed in orthodontic appliances. Most of the ortit
products such as bracket and archwires were mad#aofless steel containing 8-12 % nickel (Ni), 22P4
chromium (Cr) and various proportions of mangar(®se), copper (Cu), titanium (Ti) and iron (Fe) [§ince the
orthodontic materials interact continuously withypiological fluid inside of mouth, degradedmatesiahight
released from brackets or archwires,through emissfeelectro-galvanic currents,with saliva actirggthe medium
for continuous erosion. This condition may leadatdc effect on the surrounding oral tissues[9 -14]

Recently, several methods for the removal of hemetals from aqueous solution have been establishgd
chemical precipitation, chemical oxidation and mehn, ion exchange, filtration, electrochemicatatment,
reverse osmosis, evaporative recovery and solveinaation. Although, biosorption process is stiéditain few
advantages over other techniques mentioned aboee taluits selectivity, cheap, eco-friendly and efifex
eventhough at very low concentrations [15-19]. Bip§on process may involved chemisorption, comatiex,
adsorption — complexation on surface and pores, égohange, microprecipitation, heavy metal hydrexid
condensation onto the biosurface, and surface ptisor[20-22].This study reported the seed and sikin
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Dimocarpus longaras a low cost biosorbant due to its abundant aitity as waste material for sequestering the
Cr (VI) ionsfrom aqueous solution.

EXPERIMENTAL SECTION

Chemicals and Equipments

All chemicals used are analytical grade and obthiinem E-Merck (Germany). Distilated water obtainedm
laboratory made. A cruiser (Fritch, Germany), pHtengMetrohm), analytical balance (Kern & Sohn, Gihb
rotary shaker (Edmun Buhler 7400 Tubingen), AASe(m AA 240-Variant), UV-Vis (Thermo Insight), FRI
(Nicolet iIS10 with KBr) and SEM (Hitachi S-3400Nkve used in this experiment.

Preparation of Biosorbent

The longan’sseeds and skin were collected from home gardeRaiang city, West Sumatra, Indonesia.After
washedJongan'sfruit was then separated between seeds and shen dried at room temperature and treated by a
cruiser to form powder. The powder was sieved 1 48 and soaked with 0.01 mol/L HN€r two hours, filtered
and rinsed with distilled water until neutral. Higathe biosorbent were dried and ready to be used

Batch Adsorption

Powder of seed and skin of biosorbent were soakdd® mL solution containing Cr (VI) ions and stid at 100
rpm for several minutes. Variations of pH solutigntial concentration, contact time, biosorbentssyand heating
temperature of biosorbent were conducted duringexent.

Data Analysis
The amount of Cr (VI) ion which adsorbed lbypgan’sseed and skin powder were calculated by:

Co_ Ce
m

Je = XV
Wherec, is the initial concentration of metal ions (mg/klis final concentration at equilibrium state (mg/h),is
biosorbent mass (g) anis volume solution (L).

RESULTSAND DISCUSSION

Effect of pH solution

The pH value influences the dissociation site om shrface of the biosorbent and the solution chieynif the
heavy metals, e.g., hydrolysis, complexation byaarg and/or inorganic ligands,redox reactions, jpretipitation,
as well as the speciation and biosorption avaitghibr heavy metals [23-24].The results in the Ufigy 1 showed
thatlongan®sseed has better adsorption ability comparelbngan sskin at the same pH condition. The optimum
adsorption capacity for both seed and skin hasheshat pH 3. The lower acid condition was suitafae
biosorption of heavy metal ions due to the incregsf electrostatic interaction on the surface aortption of
positively charged Cr (VI) ions [25].Interestinglelongan’sskin was ineffective at pH 6 when tlomgan sseed
reached the minimum values at pH 7. This resulgsstgd thalbngan'sseed could be used as biosorbent at broader
pH condition compared tongansskin. The optimum pH condition at 3 wasappliedhia allfurther experiments to
explore the effects of other variables.

Effect of Initial Concentration

lon sorption of Cr (VI) on tdongan'sseed and skin was investigated at different canagéon ranging from 30
mg/L to 400 mg/L as shown in Figure 2. The adsorptiapacity increased as well as concentrationr ¢¥/Q up to
300 mg/L. Figure 2 also supported the data khiagjan sseed having better sorption capacity when comptred
longan’sskin at a given initial concentration 300 mg/L.eTadsorption capacity will increase until the numbk
active site is equal with the number of Cr (V1) jdhen equilibrium condition will be reached [28he increase in
the biosorbent's loading capacity as a functiomefal ion concentration was considered due to fa thitying force
for mass transfer [27].
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Figure 1. Effect of pH on Adsor ption Capacity (Q)
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Figure 2. Effect of Initial Concentration on Adsor ption Capacity (Q)
Effect of Contact Time

The adsorption of Cr (VI) ions have been investidan range of 15 min to 120 min as shown in Figir&esults
indicated that optimum adsorption was at 15 mincoitact time. In case dbngans seed, slight increase of
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adsorption were observed after 45 min. These rasigijested the ability dbngans seed to adsorpt the Cr (VI)
was better thatongansskin.Further, the adsorption capacityarfigan’sskin tend to decrease until 120 min.
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Figure 3. Effect of Contact Time Vs Adsor ption Capacity (Q)

Effect of Biosorbent Dosage

The adsorption capacity for a given initial concatibn was fully depend on biosorbent dosage. Tdr@ation of
biosorbent dosage ranged from 0.1 to 1.0 g have ibeestigated. The results in Figure 4.a andshidwed that the
optimum dose was achieved at 0.25 g for both tyg@asorbent. The percent removallohgans seed and skin at
optimum dosage were 74.36 % and 67.52 % respeglintdrestingly, the adsorption capacity and petrcemoval
of Cr (VI) ions were significantly decreased at @5In case of percent removal, it may slightlyreased at
biosorbent dosage > 0.5 g for both type of biosarb&urthermore this result may suggest that amiditf
biosorbent was relativelyineffective at higher dose to the powder formed of biosorbent may cassgdration
and particle interaction such as aggregation [7-28
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Figure 4. Effect of Biosorbent dose Vs (Q) (a) and Effect of Biosorbent dose Vs % Removal (b)
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Adsor ption I sotherm

The adsorption process of Cr (VI) ions betweendsphase and liquid phase as well as the interattdween Cr
(V1) ions with biosorbent will be described withsaaption isotherm models [29]. The adsorption p{\d) ions by
longan'sseed and skin tend to follow the Freundlich Isothenodel as shown in Figure 5.a and 5.b. The
determination coefficient for Cr (VI) ions tdngan sseed and skin are 0.9674 and 0.8976 respectiVbiy.results
indicated that adsorption process occurred in dilaygr which proposed a physical adsorption metdmaii21,25].

|
L L ]
30 i 08
F y=0,708x - 0,798
— 2 —
i o 06 R* =0,8976
B 20 o |
o y=0,066x - 16,278 & L
OJ F R?=0,5408 —_—
) e I
O e 02
L 0
0..,.1,.,,1‘,.,\“,,1,,“ .HI.....‘..I..HI“..[.\..
0 50 100 150 200 250 0 0.5 1 1.5 2 2.5 3
Ce (mg/L) log Ce
. . N . Figure5 (a.2) Adsorption kinetics of longan skin
Figures (a.l)_ Adsorpthn kinetics of longan’'s Ereundlich Isotherm
skinLangmuir Isotherm
L L fa iy
20 - ¥=0917x -3,896 08 - ‘v."=ll.505x -0,155
R? =0,9504 L R*=0,9674
=
2 06
& @ 4
Py 20 .
10 - 04
=4 _
@
@) 021
B o 1 | 1 |
0 oo b e L (]0""':'5'"l""li"";k I“}q
0 50 100 150 200 ' - = ==
Ce (mg/L) log Ce
Figure5(b.1)Adsor ption kinetics of longan’sseed Figure5(b.2)Adsor ption kinetics of longan™sseed
Langmuir Isotherm Freundlich Isotherm
FTIR Analysis

FTIR analysis ofongan'sseed and skin showed strecthing vibration of —@hging at 3500-3200 chwhich
attributed to H bonded of alcohol or phenol as ghawFigure 6 and 7. Thiengans seed showed broader band
because of thisngan sskin contain more watern. Both of biosorbents alsowed medium band at 3000-2850'cm
indicated the stretching vibration of*sg—H(alkanes) which assigned to alkanes. Intergigtirsome functional
groups which might play the role of adsorption hdeen also detected [22]. Tbegan'sskin has specific
stretching vibration of C=0 (carbonyl groups) whiddicated by sharp/medium band at 1750-1720 ¢iih may
represented the esters, aldehydes and saturgpba@tads. In the other hand, tl@gan sseed at before adsorption
has specific stretching vibration of -C=C— (alkgrets1644.16 crh. After adsorption, the medium band shift of
bending N—-H (1 amines) was indicated by 1626.53tnThe medium band shift dbngan'sskin after adsorption
process was also indicated by the bending of N-Hafhines) at 1624.73 ¢ The longan'sseed and skin
altogether showed the stretching vibration of Ns@r{metric nitro compounds) which were indicatednigdium
banld at 1550-1390 ¢ this result also supported by other peaks infithgerprint area ranging from 1390-1300
cm,

Most of the functional groups involved in the bingliprocess are found in the cell walls. Plant eallls are

generally considered as structures built by cedlelanolecules, organized in microfibrils and surdmd by
hemicellulosic materials (xylans, mannans, glucamaas, galactans, arabogalactans), lignin and pafdimy with
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small amounts of protein[30-32]. Based on the Fiitita we conclude that chemisorption also take plestead of
physical sorption which showed by isotherm models.
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Figure(6.a) FTIR spectra of longan’sskin before adsor ption
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Figure(6.b) FTIR spectra of longan'sskin after adsor ption
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Figure(7.a) FTIR spectra of longansseed befor e adsor ption
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Figure(7.b) FTIR spectra of longan’sseed after adsor ption

SEM Analysis

Scanning Electron Microscopy (SEM)was used to oleskthe surface morphology of biosorbents befork after
adsorption of Cr (VI) ions at 1000 times of magmfion as shown in Figure 8. The surfacdosfgan’sskin has
porous structure and wavy, while tlimgan’sseed has granules and fibers like. There werefgignt changes to
the surface oflongan’sseed and skin after ions sorption. SEM images stothe destruction of surface
morphology due to the interaction of metal ion k) (with the multilayer surfaces [22].

Figure(8.b) Morphological surface of longan sseed (1000x) (a) before adsor ption (b) after adsor ption
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CONCLUSION

All experimental data showed th&timocarpus longarhas potential ability to remove the Cr (VI) ionrr
contaminated water while optimum condition was aeéd at pH 3, initial concentration 300 mg/L, bidsnmt dose
0.25 g and contact time 15 min. The number of keyfional groups as well as the active sites andilayer
physisorption mechanism may play the role of theoggtion ability. The interaction of metal ion GfIY which
caused severe damages has been observed on theohagipal surface of biosorbent. Based on thisaedecould

be concluded that the abundant availabilitybaiocarpus longarcould be proposed as a low cost biosorbent for
removal Cr (VI) ion in agueous solution.
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