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ABSTRACT

Methyl Orange Adsorption was studied using Durio zibhethinus Murr seeds. Examined parameters are pH of
solution, initial dye concentration, biosorbent mass, stirring speed, contact time, and temperature of heating. The
optimum absor ption capacity of Methyl Orange is obtained at a concentration of 80 mg/L is 6.352 mg/g at pH=2,

0.05 g biosorbent dose, stirring speed 200 rpm, contact time of 40 minutes and temperature of 50 <C. Appropriate
adsor ption isotherm model s namely Freundlich isotherm model s with correlation coefficient 0.973.
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INTRODUCTION

The development of science and technology providasy benefits to human life, but the effects ofemative

impact on the surrounding environment, such assini# waste problems. The case of water polluGoaurring in

the environment largely caused by the disposahdfistrial waste is done freely in the waters withamy prior

processing.Many industries use dyes in order touwrdheir products and pour a lot of coloured waster into the
effluent. The discharge of dye-bearing wastewattw natural streams and rivers from the textilgygoacarpet,
leather, distillery and printing industries posssssevere problems [1].Dyes are organic compouaorsisting of
two main groups of compounds, chromophores (resplentor the color of the dye) and auxochromesgoesible

for intensity of the color) [2]. Dyes usually hagesynthetic and complex aromatic structure, whickes them
more stable and difficult to biodegrade[3]. By afiéiog sunlight, dyes can prevent photosynthesisiqoeous
ecosystems. Sulfur dyes are harmful to aqueousnimga, since they can rapidly reduce the oxygertecrof

water [4].This can make the waste water toxic arehenutagenic if degraded by anaerobic digestiarthErmore,

based on regulations for waste colour, a low cotmagan of visible dye is intolerable and can caadealth hazard
for humans. Methyl orange is an anionic moleculdeWthere is a nitrogen compound in its structiireecomes
an azo-dye that can cause allergies and hyperséydib].

The studies have been performed in order to remola and other contaminationsusing various tyfem@thods
include adsorption[6], coagulation[7], ultrafiltrat [8], photodegradation [9¢tc., in which adsorption is most
usefuldue to its efficiency and visibility. The usé low-cost, easy obtained, high efficiency and&cndly
adsorbents has been investigated as an ideal aiterrio the current expensivemethods of removipgsdrom
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wastewater. In recent years, many low cost agticailtivastes such as rice husk[10], mangosteen fEH|snango
seeds[12],coconut fibre [13], walnut shell charcfal],tamarind seeds [15],neem leaf [16], loquatvks [17],
banana and orange peels [18]have been investigaediosorbentsDurio zibethinus Murr seed is another
agriculturalby product obtained offromurio zibethinus Murr fruit. In the present work, we investigated the
efficiency of Durio zibethinus Murr seeds as a low cost biosorbent material for theval of methyl orange from
agueous solutions.

EXPERIMENTAL SECTION

Chemicals and apparatus

All reagents were used of analytical grade obtaifiech Merck. The apparatus were used pyrex, anytioal
balance, a pH meter (Metrohm), crusher (Fritscl@o(Memmert, Germany), a shaker (Haake SWB 20)tahor
grinding (Fritsch, Germany), FTIR ( Thermo Scien)if UV-VIS spectrophotometer (Genesys 21), andnBicey
Elctron Microscoph.

Treatment of Durio zibethinus Murr seeds

Durio zibethinus Murr seeds are washed with water, then dried. Seeddnezswas crushed and sieved to a particle
size of< 160um. Then the durian seed powder activated using R.GHCI for 1 hour (1 ddurio zibethinus Murr
seed powder in 8 mL of 0.01 N HCI). Durian seed gemwas washed with aquadest until neutral pH &ed t
filtered and dried. The seeds powderthen crushied @asmortar and ready to be applied.

Dye solution preparation
Methyl Orange was made up in stock solution of eom@tion 1000 mg/L and was diluted to the required
concentrations (5- 100 mg/L).

FTIR Analysis
For the IR studies, 5 % (w/w) of ground and dridDurio zibethinus Murr seeds before and after used as
biosorbent were pressed to form KBr disc.

Biosor ption studies

Adsorption experiment were carried out at variolt$ @f the solution, initial concentration, biosorbanass,
agitation rate, contact time and temperature ubdesh mode. The pH of the solution was adjustedrge 1-8 by
adding NaOH, HN@and buffer solution at indicated solution of pHqae in 25 mL Erlenmeyer. The Erlenmeyer
then were placed on a rotary shaker with consthakieg 250 rpm for 15minutes, and solutions wergaszed
from biomass by using filter paper. After that, tfieal concentrations were determined spectromedtyicat a
wavelength corresponding to the pH of the solu(@®6-510 nm). The adsorption capacity of the hiosnt (q,
mg/g) was obtained from Equation.

_(Co-Ce)V
m

Q

where Co and Ce were initial and equilibrium dyaaantration in solutions (mg/L), respectively; Vsmaolume of
the solution (L); m was the amount of biomass (g).

RESULTS

FTIR analysis

The spectrum oburio zibethinus Murr seed biosorbent before and after biosorption easelen irFigure 2. Durio
Zibethinus Murr seed biosorbent before absorptidiig(2a) representating peak of the O-Hat 3393.42' chvter
absorption Fig.2b) that peak was shifted to 3404.26 trm addition, in the spectrum beforebiosorptionréhis a
C-H at 1370.41 crh and after absorption was shifted to 1375.37'cifthe peak of C-O before biosorption at
1022.04 critand after biosorption was shifted to 1020.25'c#t the summit there is a spectrum after adsonpib
C=0 by CQ at 2360.18 cf, impurities that comes from characterization hap[i®]. In this case, the possibility
of dye molecules interact with the O-H, C-H and Gu@ctional groups. The shift in the biosorpticzak generally
indicates a process of dye interaction with thesbibent surface. From the FTIR spectrum seed estrthe O-
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H, C-H and C-O functional groups are involved indarption process. In addition to observing thét stiipeaks,
the interaction can also be observed through thegdin the intensity of each peaks.

Fig 1.(a) Durian (Durio zibethinus Murr) seeds

Fig 1.(b) Durian seeds powder
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Fig 2. FTIR spectrum of Durian (Durio zibethinus Murr) seeds (a) before and (b) after adsor ption
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Fig3.(a) SE of durian seeds before adsor ption 320x
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Fig3. (b) SEM of durian seeds after adsor ption 320x
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Fig4. Effect of pH on the absor ption capacity of Methyl Orange; volume solution = 10 mL; initial concentration = 20 mg/L ; biosor bent
dose=0.1g; contact time = 15 minutes; agitation rate = 250 rpm; adsorbent particle size < 160 pm
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Fig5. Effect of initial concentration on the adsor ption capacity of Methyl Orange; volume solution =10 mL; pH = 2; biosor bent dose =
0.1 g; contact time = 15 minutes; agitation rate = 250 rpm; adsorbent particle size < 160 pm
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Fig6. Effect of biosor bent dose on the absor ption capacirty of Methyl Orange; volume solution = 10 mL ; initial concentration =20 mg/L;
pH = 2; contact time = 15 minutes;agitation rate = 250 rpm; adsor bent particle size < 160 um
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Fig7. Effect of agitation rate on theabsor ption capacirty of Methyl Orange; volume solution =10 mL; initial concentration =20 mg/L;
pH =2; contact time = 15 minutes; biosor bent dose = 0,05g; adsor bent particle size < 160 um
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Fig8. Effect of contact time on the absor ption capacity of Methyl Orange; volume solution = 10 mL; initial concentration =20 mg/L; pH
= 2; biosorbent dose = 0,05g; agitation rate =200 rpm; adsor bent particle size< 160 pm
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Fig9. Effect of biosorbent heating temperature on theabsor ption capacirty of M ethyl Orange; volume solution = 10 mL; initial
concentration = 20 mg/L; pH = 2; biosor bent dose = 0,05g; agitation rate = 200 rpm; contacttime = 40 minutes; adsorbent particle size<

160 pm
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Fig 10.(a) Linearized Langmuir Isotherm (b) Linearized Freindlich I sotherm

Scanning Electron Microscopy analysis

The SEM analysis was performed to observe the cairfaorphology of the biosorbents before and aftesd
biosorption.Figure 3a shows the surface of tHaurio zibethinus Murr seeds biosorbent before biosorption, where
the surface is heterogeneous and there are maisy Blat after biosorptionH{g.3b) heterogeneous surface become
more homogeneous and the clots split into fewext, demonstrate the interaction has happened betthe&urio

zibethinus Murr seedshbiosorbent with Methyl Orange dye

Effect of pH of solution
The pH has a significant influence on the biosorpfprocess because variation in pH leads to thiati@r in the

surface properties of the sorbent and the degrémnfation [20]. The effect of pH (pH=1-pH=8) oioborption of
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methyl orange ondurian seeds biosorbent was showkigure 4.1t was observed that the biosorptions were much
higher in acidic solutions than those in naturahditons. As the pH of the system decreased, thabeun of
negatively charges surface sites decreased andutihéer of positively charged surface sites increéaesed this
favors the biosorption of dye anions due to eletatic attraction [21].When the acidity increasee do
concentration of Hthat will decrease the negative charge for Me@rdnge, then adsorption increases. But, when
the basicity of solution was increased, the amafibiosorption is decreased due to the increas®wfentration of
OH [22]. In this case obtained the pH optimum biosorptof Methyl Orange dye usinDurio zibethinus Murr
seeds biosorbent is pH=2.

Effect of initial concentration of M ethyl Orange

The effect of initial concentration are showrFiigur e 5,that shows increasing the initial concentraticcréases the
interaction between dye molecules with tBerio zibethinus Murr seeds biosorbent surface. The initial
concentration of dye Methyl Orange were observedtiag from 5 mg/L to 100mg/L. It was found thateth
absorption capacity of Methyl Orange rise to a emti@ation of 80 mg/L, whereas at concentrationatgredecrease
absorption capacity. This is related to the avditgtof active sites on the biosorbent surface[28hen the number
of active sites available is greater than the nunabelye molecules, the absorption capacity widrgase with the
concentration of the dye, until the number of atsites is equal to the number of dye moleculesoonmonly
called the equilibrium state. Once past the equilib state, the absorption capacity will decrease.

Also similar adsorption patterns have also beenrteg by other researchers [21-22].Haddadian $eidnitial dye
concentrations provide an important driving foresevercome all barriers to movement of dye molecilem the
liquid phase to the solid phase [5].

Effect of biosorbent dose

Biosorbent dosehavesignificant affect tothe biosonpprocess. The more biosorbent is used it welltbe more
active sites of the biosorbent will bind the dyeowéver, in the present study it was found that aheorption
capacity decreases with increasing durian seed®ftiont dos&{g.6). This is due to the saturation, another reason
may be due to the interaction of particles, suctaggregation caused by high levels of biosorbeiseddhese
events will cause a decrease in the total surfaea of the adsorbent [23]. In this study, the grstaabsorption
capacity is 6.008 mg/g at 0.05 g biosorben dose.

Effect of Agitation Rate

Agitation rate observed between 100-300 rpnigure 7 we can conclude that higher the stirring speetkames
capacity of absorption. This is due to the moven@ntlye molecules and the adsorbent particles lntisa
increases so that the greater the opportunity fa@eoHowever, the absorption capacity will be wedd to a very
large mixing speed it will form a vortex that resal in absorption is unlikely [24]. In this casee thbtained
optimum stirring speed of 200 rpm.

Effect of Contact Timéurio zibethinus Murr seedsbiosorbent is shownkigur e 8.Absorption capacity increased
rapidly at the time of 5-15 minutes and countingteid0 minutes. At the time more than 40 minutesrdthe dye
absorption capacity. Initially, there were largemier of vacant active binding sites available atfilst phase of
experiment and large amount of Methyl Orange wenend rapidly orDurio zibethinus Murr seeds biosorbent at a
faster adsorption rate. The binding site was shdricome limited and the remaining vacant surfaiss svere
difficult to be occupied by Methyl Orange due te flormation of repulsive forces between the Metbghnge on
the solid surface and the liquid phase [25].

Effect of heating temperature of biosor bent

In Figure 9, it can be seen that the absorption capacity efbilbsorbent heating temperature increased to 50°C.
While at 70°C and 90°C decreased capacity. Thisvshbat the adsorbebturio zibethinus Murr seeds can last up

to a temperature of 50°C and at higher heating éeatpres durian seeds biosorbent damage due to the
decomposition of organic compounds that exist elitosorbent by heating that causes the activesitbe surface

is reduced so that the number of molecules dybssrded into fewer.

Desor ption

Table 1 show that Hydrochloric acid efficiently remove Mgt Orange from durian seeds biosorbent.From thieta
we can see that the largest percentage of deserigtioy using 0.1N HCI is up to 41.28%, so it candoncluded
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that 0.1 N HCI is better for desorption process etfWl Orangeat the durian seeds biosorbent. Biesdrbf
desorption product which has been dried and canebsed for secondbiosorptin process. Where thdtsesfi
adsorption were carried out with all the optimunnditions contained in th€able 2.

Biosorption percentage using the regenerated dseads biosorbent is smaller than the durian d@edsrbentthat
have not been contacted. This is because mosteoddtive site was first occupied by the dye moleswdre not
separated during the desorption process.

Adsor ption I sotherm

In this study selected two adsorption isotherm rwdamely the Langmuir isotherm models and Freghdli
isotherm models. The applicability of the isothemodels to the adsorption study done was compargddging
the correlation coefficients,?Rialues. This will show how adsorbed moleculesitiiste between the liquid phase
and the solid phase when the adsorption procesbesan equilibrium state. The analysis of thehisoh data by
fitting them to different isotherm models is an on@ant step to find the suitable model that caruded for design
purposes [26].

Langmuir isotherm
Langmuir isotherm where assumptions on the adsorptiechanism are that the adsorption occurs at gensmus
surface within the adsorbent and the adsorptioonat site does not interfere with the ability of thext side to
adsorb dye. Langmuir isotherm models that have lbpptied to some of the adsorption process is destby the
following equation:
cC. 1 1
=+ — Ce
qe QOb 0
C ¢ = concentration of dye after equilibrium (mg /L)
g . = amount of dye adsorbed per gram of adsorbent @hg
Q o = maximum adsorption capacity (mg /L)
b = energy of adsorption

A plot of Ce/ge versus Ce produces a straight liriéch indicates homogeneous adsorption distributidén
Langmuir isotherm [27]. The values of constant i @y were obtained from the intercept and the slop@efraph
as shown irFigure 10a.

Freundlich isotherm
The Freundlich isotherm can be used for adsorgtiahinvolves heterogeneous surface energy sysig8hsThe
equation is expressed as:

1
e = K Cen
Where K= and n are Freundlich constants; @ng/g (L/mg)1/n) is the adsorption capacity of swbent and n
giving an indication of how favorable the adsorptjarocess. If the value of exponent n was greaten L (n >1)
then the adsorption represent favorable adsorptiodition [29].
The constants Kand n can be determined from the linear form elRdlich isotherm equation from the graph of In
ge against In Ce as expressed from the followingggn:

1

Ing, =InK. +HInCe
In general, as the Kvalue increases the adsorption capacity of adsbmsill also increase [27]. The intercept and
slope of the plot of Ingrersus logCe (Fig. 10b) were used to calculate the values offrand 1h, respectively.
Table 3 shows that the values of Rere in the range of 0-1, which confirms the fame adsorption of the Methyl

Orange dye. The values of the correlation coefiici) indicate that the experimental data were mortablé to
the Freundlich isotherm than Langmuir isoterm ni@@@d this indicating the heterogenous natureuofd seeds
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biosorbent [30]. Freundlich model shows that thtueaof n was greater than 1 which represents arédle
adsorption condition.

CONCLUSION

The process of adsorption of Methyl Orange usingatiuDurio zibethinus Murr) seeds powder that have been
activated with 0.01 N HCI can be as low cost amghgfficiencybiosorbent to reduceMethyl Orange itlysolution.
The optimum conditions of Methyl Orange dye addorpthat at pH=2, 0.05 g biosorbent dose, stirspged 200
rpm, contact time of 40 minutes and temperaturé®EC is obtained as the value of the optimum absamptio
capacity of 6.352 mg/g. FTIR data analysis repreegerg some shifts in the wavenumber O-H, C-H an@ Group
functional. This indicates that the functional ggeware involved in the processMéthyl Orange dye adsorption by
the durian seeds biosorbent.
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