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ABSTRACT

Adsorption of tartrazine by Annona muricata L seeds has been investigated. The experiment was done by batch
system for examine the optimum conditions of dye adsorption. Effect pH, contact time, stirring rate, concentration
and adsorbent dosage have been studied. Isotherm adsorption were measured experimentally. Maximum adsorption
of dye was 23.6310 mg/g achieved at pH 2, contact time 120 minutes, stirring rate 100 rpm, initial concentration
600 mg/L and adsorbent dosage 0.1 g. Fourier Transform Infra-red spectroscopy was used for determination of
functional group content in Annona muricata L. seeds. This spectrum indicated of hydroxyl group and carbonyl
group as active site. The surface of Annona muricata L seed powder has porous and provide for dye uptake.
Isotherm Langmuir and Freundlich model were indicated that the process adsorption was physic adsorption and
adsorption process was pseudo-second order kinetic model with R? 0.982.
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INTRODUCTION

Various liquid dyes waste treatment have been deeel. Among these physico-chemical methods likergadsn,
electrochemical coagulation and photocatalytic teatation. Among all these, adsorption is onéheftnethods,
which is gaining attention becauseof its easy dmrs and versatility[1]. Biosorption is an altetiva and eco-
friendly way to overcome these pollutants. In spifeeconomic reason, utilization of agriculturgl-froduct as
biosorbent also reduces solid waste. Biosorbeois fagricultural byproduct such asfeathers [1],téruvaste [2],
coconut husks [3], mango seeds [4], moringa segdsbicot seeds [6JFugenia jambolana seeds [7] , and cocoa
shell[8] were used to reduce dyes from waste water.

Annona muricata L seeds have been used for the removal of Pb, Gdanth Cu ion from wastewater [9]. Other
seeds also used to remove dyes such as mangooséethtol orange 3R[4], moringa seeds to oranffg, 7apricot
seeds to brown VBR [6Fugenia jambolana seeds to acid yellow [7Annona squmosa to methyl red [8], ashoka
seeds to methylen blue [16], tamarind seed to akysblet [17]. This study investigate the useApihona muricata

L seeds for the removal of tartrazinedye preseintdastrial wastewater.

Tartrazine is widely used as foods, drinks and &i&® colorant. Tartrazine is carcinogenic and ealtergic with
molecular formula gHoNsNasOgS,water soluble and mass of molecule is 534.4 g/ih@.found in certain brands
of fruit squash, fruit cordial, coloured fizzy dki instant puddings, cake mixes, custard powdemps sauces, ice
cream, icelollies, sweets, chewing gum, marzipam, jjelly, marmalade, mustard, yoghurt and manyenience
foods together with glycerine, lemon and honey potsl It is cheaper than betacarotene and therefigd as an
alternative to beta carotene to achieve similaowolTartrazine is also reputed to catalyze hypicand other
behavioral problems, asthma, migranes, thyroid @amatc. Because of its hazardous health effemtglsf and drinks
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containing Tartrazine are avoided[1]. Tartrazinesaagtion have been carried using hen feather[1]amiae-
formaldehyde-tartaric acid resin[10], chitosan B&al coconut husks[3], fly ash [12], saw dust [18hd biomass
such as fungus[14] and algae [15].

EXPERIMENTAL SECTION

In present work, the biosorption experiments wesadected by using standard stock solution (1000Lingf
tartrazine (E-Merck, Germany). Working standardusohs were prepared just before used by appr@pdition
of stock solution.

Seed preparation and characterization

SeedsofAnnona muricata L (Annona muricata, L) were washed, dried, then gdowith a crusher (Fritch,
Germany). After milled, dried in oven (Memmert, @any) at 60 °C for 1lhour. Soaked for two hours Wit@GI
0.01M. Furthermore, pale colored powder was wastitdddistilled water and dried. Biosorbent is reddiyused.

The dry powder was treated with 10 mL tartrazinen®§/L, shaked for 1 h with 100 rpm and then filter&he
filtrate was analyzed with spectrophotometer (Gge@dThermoScientific) to determine total amountawfrazine
was been adsorption at 427 nm. There are severaingters to be treated to get optimal conditionaatirazine
adsorption with biomass.

The amount of adsorbed tartrazine per gram of tleendéiss (adsorption capacity, q) was obtained usireg
following equation [15] :

whereC, and G were initial and equilibrium concentration of taine (mg/L), respectively; V was volume of
tartrazine solution (L); m was amount of biomass (g

RESULTS

Effect of pH on adsorption of tartrazine

pH plays an important role in the absorption ofrgaine byAnnona muricata L seeds. pH will determine biosorbent
surface charge, degree of ionization and dissociaif various functional groups of the active sifeadsorbenft®!.
Tartrazine adsorption process carried out at pHHig1 shows the effect of pH on the absorptiotadfazine.

Adsorption capacity maximum of tartrazine 1.3586yngctcurred at pH 2. Absorption capacity decredsaah
1.0245 to 0.8795 at pH 3 to 4. Meanwhile at pH Inpetition between Hions with tartrazine occur there by
reducing absorption capacity.

Tartrazine absorption capacity decreased with asing pH of the solution. This is due to the ‘Gbh activity
affected to surface charge of the biosorbent. @airieis an anionic dye is negatively charged wtissociating
thus biosorbent surface that contains” @t decrease adsorption tartrazine. Susmita engadlathat by increasing
the pH of the positive charge decreased adsorlaunhes negatively charged. This condition doesuapport the
uptake of anionic dyes from the system and causliextrostaticr epulsion[13].

According to Mohammed A. Kassem et al. [19] inceea$ protonation due to neutralization of negatiharge at
the surface of the adsorbents, which facilitateffusipn and provides more active surface of theoduEnts,
resulting thereby greater adsorption at their s$a The pH of solution controls the electrostatieractions
between the adsorbent and the adsorbate. A dedrettse percentage removal with increase in pH tmaylue to
deprotonation, which retards the electrostatic derbetween sorbent and sorbate that leads to ikdugretion
capacity.

Previous research observed adsorption of tartrdgmeen feather achieved maximum capacity of adsor@at pH
2 [1]. Meanwhile Susmitat al[13] and Mohammed A. Kassem[19] observed adsorpifotartrazine by saw dust
and activated charcoal obtained maximum capacigdebrption at pH 3 and 1,5 respectively.

Effect on contact time on adsorption of tartrazine

Effect of contact time on the uptake tartrazindqrened at a concentration of 20 mg/L with stirriege of 100 rpm
and pH 2. Biosorption process continues to increédgeincreasing contact time but slowly decreasisr passing
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optimum time. The optimum time f
absorption capacity of 1.6537 mg/g

This is due to availability of vacant

on the adsorbent surface [13].
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Fig.1. Effect of pH on tartrazine adsorption;

or absorption taztne withAnnona muricata L seeds is 120 minutes with the
. Fig.2illustsatee effect of contact time on the process of iqudEm.

surface sitkesing the preliminary stage of adsorption, artdrad certain time
period the vacant sites get occupied by dye modscwhich lead to create a repulsive force betwheratisorbate

1 2 3 4 5 6 7 8 9
Solution of pH

O g

concetration 20 mg/L; biosorbent mass 0.1 g; contact the 120 min; stirring rate 100 rpm

15

q (mg/qg)

Fig.2.Effect of contact time on tartrazine a
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Fig.3. Effect of stirring rate on tartrazine adsorption,consentration 20 mg/L; pH 2; contact time 120nin; biosorbent mass 0.1 g
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Fig. 4. Effect of concentration on tartrazine adsoption, pH 2; contact time 120 min; stirring rate 1@ rpm; biosorbent mass 0.1 g

Susmita etal used saw dust to the absorption tamgrabtain optimum contact time of 70 minutes [Ibhammed
A. Kassemusing activated charcoal to adsorptidmnazine achieve optimum time of 90 minutes [19]nNdhe less
Alok etal found that the absorption increases awam time increase [1].

Effect of stirring rate on adsorption of tartrazine

Effect of stirring rate performed at pH 2with a taot time of 120 minutes. Stirring rate was varfeam30
to150rpm. Effect of stirring rate on the adsorptwocess is shown in Fig.3.

Maximum adsorption of removal tartrazine obtainéd@0rpm. Increase stirring rate adsorption capatdicrease

due to rapid rotation caused dyes which have bemr o biomaterial regardless return increase &lasoe
capacity of adsorption decrease.
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Fig. 5. Effect of adsorbent doses on tartrazine adsption;concentration 600 mg/L; pH 2; contact time120 min; stirring rate 100 rpm
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Fig.6. Langmuir isotherm for adsorption of tartrazine on toAnnona muricata L seeds; data retrieved from Fig. 4 (10-600 mg/L)

Stirring effect on the distribution of the dye mulées in solution and the formation of a thin lagédye molecules
around the active sites on the surface of the biesa. With the increase of stirring rate, the ciincy of
biosorption decreased because all sides have lotigala used in the biosorption process [7]. Atheg speeds the
dye molecules do not have enough time to comedoitact with the active sorbent. Mohammed A. Kasebtain
optimum stirring rate for adsorption of tartrazimith activated charcoal at 100rpm.

Effect of concentration on adsorption of tartrazine
Effect of concentration tested at pH 2 with a stgrrate of 100 rpm and contact time for 2hours.aAsinction of
the concentration of biosorpi process shown inkig.4

Fig. 4 shown optimum concentration on adsorptiotadiazin was 600 mg/L. Increase concentratioadsforbate

capacity of adsorption decrease. Akl have been doing research on the absorption oatame with hen feathers
and obtain results that with increasing concemrnatibsorption capacity increased[1]. Susmita Barewho were
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investigating absorption of tartrazine with saw tdsisowed absorption capacity (q) continues to dteattrease
with increasing concentration, but after reachiggilbrium sorption capacity decreased. This is roaysed by the
availability of vacant adsorbent surface in thelyephase and after a certain time the vacancy @iged by
adsorbate molecules that cause repulsion betwesortzde molecules and adsorbent [13]. Himanshul Rtte
mentioned certain mass of adsorbent can only absadytain amount of adsorbate. Therefore, the more
concentrated the smaller adsorbate volume whictddmeipurified by acertain amount of adsorbent niagk
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Fig.7. Freundlich isotherm for adsorption of tartrazine on toAnnona muricata L seeds; data retrieved from Fig.4 (10-600 mg/L)
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Fig. 10. Pseudo-first order kinetic model for tartazine
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Fig. 11. Pseudo-second order kinetic model for tarazine
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Fig.9. FTIR spectrum of Annona muricata L seed powder (a) Before being treated (b) After being treated vth HCI 0.01 M and (c) After
loaded with tartrazine
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Fig. 12. SEM’s Image ofAnnona muricata L seeds (b) after dye uptake. Magnifications: 1000nmes

Effect of adsorbent doses on adsorption of tartranie

Fig.5 shown adsorption capacity of tartrazineAtmnona muricata L seeds as a function of biosorbent doses.
Absorption capacity (q) decreases with increasirgssmof biosorbent because of equation 1, showsn#ss is
inversely proportional to the absorption capacifytartrazine. The increase in sorbent dose at aohstlye
concentration and volume will lead to unsaturatiérsorption sites through the sorption processsawbndly may
be due to particulate interaction such as aggmgaésulting from high sorbent dose. Such aggregatiould lead

to a decrease in total surface area of the soroeutan increase in diffusional path length [20]séwbtion sites
remain unsaturated during the adsorption reactioargas the number of sites available for adsorgitenincreases
by increasing the adsorbent dose [19].
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Adsorption isotherm

Adsorption isotherm shows the relationship adserb@nount absorbed by the rest of the adsorbentttzend
adsorbate concentration in the solution. Tartraai&orption is other witAnnona muricata L seeds shown in Fig.6
and 7. In this study, the value of the regressimefficient (R) of Freundlich’s model is more suitable for tarire
adsorption than Langmuir's model (Fig.6 and 7).kAMittal et al who studied the kinetic biosorption and tartrazine
with hen feather obtain Freundlich’s model is msuitable than Langmuir's modeMohammed A. Kassewt al
showed that the Freundlich’s model is better thamdmuir's model for tartrazine absorption with aated
charcoal in controlled conditions [19].Based ondhaga obtained for adsorption of tartazing)(oy seeds ofAnnona
muricata Lis32.2580mg/g.

FTIR analysis

FTIR characterization drawn from the analysis oé tmain functional groups useful in the absorptidn o
tartrazin.The broad and intense peak at 3401.3%(ftom the range of 3200-3600 ¢mFig.9a),was assigned to be
OH group stretching due to hydrogen bonding intetemular and intra-molecular polymer by compoungshsas
alcohols, phenols and caboxylic acid. Peak at Bo4bm'is the spectrum of the C=0 stretching in ester&(17
1735 cnt). Peak at 1652.44 chrshowed the presence of C = O group in amide (I6&D cm-1). Mean while the
peak of 1242.06 cthis the CO stretching of alcohol group. THmona muricata L seeds showed an abundance of
carboxyl and hydroxyl group that may coordinatehvétisorbate iofls Fig.9b and 9¢c showed wavenumber shifted
of OH group stretching 3401.37 ¢nto 3378.22 cifand 3374.75 cih In the spectrum of the C=O stretching of
ester no significant changes, but the group C=Qlamiavenumber shifted from 1652.44 tim 1654.63 criand
1516.16 crit. In the OH group stretching wavenumbers shifted2$2.06 critto 1259.24 ciand 1248.00 cih
This shifting showed that the dominant functionabups involved in absorption of tartrazine are oayth and
hydroxyl.

Adsorption Kinetics

The kinetics adsorption data were processed toy sheldynamics of adsorption process in expressfahe order
of rate constant. Kinetic data were analyzed wiskyglo first order and pseudo second order kinatindel$”.
Equation for pseudo-first order model is

-In (Ge— @) = Ki.t - Ing

Where @ is adsorption capacity at equilibrium (mg/g)igithe amount of adsorbate adsorbed at time tggn
K, is the pseudo-first order rate constant (HrfEquation for pseudo-second order model is

t 1 t

— = +
9 Kq%  q.

Where K is pseudo-second order rate constant (§ minY).

Fig. 10. showed a linear relationship of pseudst-farder with regression coefficient’ R 0.656 and K= 0.006
min™. In Fig. 11. Showed a linear relationship of pseadcond order with regression coefficiert50.982 and K

= 0.077 g mgmin™. Thus the kinetics of tartrazine adsorption onAhrona muricata L seeds fit to pseudo-second
order due to high correlation coefficient. Simitaport were given in various studies [9-13].

Scanning Electron Microscopy analysis

Fig. 12 shows the SEM micrograph Axinona muricata L seeds. It is clear from this SEM’s image thatghegace
of material has valley, rough and porous that mtesipossibility for the dye to be adsorbed. Poojunaterial are
covered by dye molecules that indicated adsorgtamoccurred (Fig. 12b).

CONCLUSION

The results showed that seedsAnhona muricata L after being treated with 0,01M HCI can be usedwercome
tartrazine pollution.
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