Available online at www.derpharmachemica.com

I'_Q\@‘ma C/}gl
@ . ISSN 0975-413X Der Pharma Chemica, 2016, 8(6):96-103

CODEN (U SA)Z PCHHAX (http://derpharmachemica.com/archive.html)
l=w= I

\

** De,
*ed

Biosorption of Phenol using dried Rice husk biomass
Kinetic and equilibrium studies

Davoud Balarak' and Ali Joghataef

'Department of Environmental Health, Health PromotResearch Center, School of Public Health, Zahedan
University of Medical Sciences, Zahedan, Iran
2MSc Student of Environmental Health Engineeringd&nt Research Committee, Qom University of Medical
Sciences, Qom, Iran

ABSTRACT

Batch studies were conducted for kinetics and #iitim studies on the biosorption of Phenol fromuegus
solution by dried Rice husk biomass. The effepthfadsorbent dose, initial phenol concentration andtact time
were investigated. Batch kinetic experiments shothed the adsorption followed pseudo-second-ordeetic
model. The pH value of 3, contact time of 75 misoabent dosage of 4 g/L and Phenol concentrationm®y/L
were determined as optimum conditions for adsorbertte most Phenol removal efficiency was 99.1&ptimum
conditions. The equilibrium adsorption data werealgmed using four widely applied isotherms: Langmui
Freundlich Doubinin—Radushkevich and Temkin. The resultsatedethat Langmuir isotherm fit the experimental
results well. This study showed that dried Ricekhhismass could be used as an efficient sorberthforemoval of
phenol from agueous solution.
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INTRODUCTION

Water pollution by organic chemicals is a majorkpeon over decades. Owing to this, there is growpnglic
concern over the contamination of groundwater bganic compounds[l, 2]. Phenol and its derivatives a
considered as noxious pollutants, because theytaxie and harmful to living organisms even at low
concentrations[3, 4]. Phenols are being dischaigta the waters from various industrial processeshsas oil
refineries, petrochemical plants, ceramic plantsl @onversion processes and phenolic resin indafir ,6].
According to the recommendation of World Health &vigation (WHO), the permissible concentration lo¢molic

contents in potable waters iqigL-' and the regulations by the Environmental Protecfigency (EPA), call for

lowering phenol content in wastewaters less thanglL- [7, 8]. By increasing the industrial wastewatets t

demand for removal of organic compounds includifgrml has been increased[9]. Several methods, asich
microbial degradation, adsorption, chemical oxiolatisolvent extraction and reverse osmosis aregbesed for
removing phenols from wastewater[10]. Adsorptiorais effective separation process for treating itrthlsand
domestic effluents[11]. Activated carbon is the tneilely used adsorbent. It has the advantagegif hdsorption
capacity for organic compounds, but its use is lpdenited due to its high cost[12]. Recently, ciderable
attention has been directed towards low cost, aiyunccurring adsorbents[13]. In recent years@gtiiral wastes
and by-products such as Sawdust[14], Canola[15héeminor[16], Azolla filiculides[17], cereal chafff] have
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been widely studied for the removal of pollutaminfr synthetic effluents. However, these low-cosbaasnts have
generally low adsorption capacities and requirgdaamounts of adsorbents[19]. Therefore, theregioaing need
to find new, economical, easily available and d@ffecadsorbents for practical application. Millingf rice crop
produced rice husk as agriculture waste materiahlgano commercial significance[20]. Approximat&® million

tons of rice husk are obtained annually[21]. Théedtive of this study is to investigate the capapibf this

lignocellulosic waste material, for the removalpfenol from aqueous solutions in batch system. dffexts of
different parameters like pH, biosorbent dosejdhiPhenol concentration, contact time and tempegabn the
biosorption of phenol are studied. The equilibriamd kinetic data of biosorption studies are preeésto
understand the mechanism of phenol onto rice husk.

MATERIALS AND METHODS

Preparation of rice husk biomass:Rice husk was collected from the Sari city. It veadled with distillate water
and then filtrated and dried in oven at ®Xor 24 h. Finally, It was sieved to particle siznge of 1-2 mm. The
crushed particles were then treated with 0.1M HEEfh followed by washing with distilled water attén kept for
shaded dry. The resultant biomass was subsequesgtl/in sorption experiments[22].

The specific surface area of dried Rice husk wésrdéned by the BET-N2 method using an ASAP 20Q0faaatus
based nitrogen adsorption—desorption isotherms/&t The surface images of dried Rice husk beford after
adsorption process were captured by a Philips Xdc¢zhning electron microscope (SEM).

Adsorption experiments: All chemicals used in this work were of analyticehgent grade and were used without
further purification. Deionized water was usedddrdilutions. All glass ware and plastics werelsghin 10% (v/v)
nitric acid solution for one day before use, anehtlcleaned repeatedly with deionized water. A stsmlgtion of
1000 mg/L phenol was prepared by dissolving 1.@d ghenol (Merck, Darmstadt, Germany) in 1 L ofatézed
water. The required concentration of phenol sohgiovere prepared by diluting the appropriate vokirgthe
stock solution. The pH of the solutions was adjdiste7.0 by addition of 0.1 M HCl or 0.1 M NaOH stibns. The
adsorption of phenol onto rice husk was investigdbeough a batch process. For adsorption expetsnéf0 mL
of phenol solution in the concentration range ofZB mg/L was transferred into a polyethylene dfrge tube.
Then 0.4 g of rice husk biomass (4 g/L suspensia@y added to the solution, and then the mixtureagisted on

a mechanical shaker (Edmund Bihler GmbH) at 180 figgni20 min. After reaching equilibrium, the susp®n
was filtered through 0.4%m of nitrocellulose membrane and the filtrate wamlyzed for residual phenol
concentration using a double beam UV-vis spectrimpheter (DR 2800) at 500 nm by the 4-aminoantipgren
method. All experiments were conducted in tripkcaand the averages of the results were subnfittedata
analysis. The amount of the phenol adsorbed biRibe husk biomass was calculated as following égng3].

R= Co=Ce) % 100 1)
Co
qe =252V % 100 2)

Co (mg/L) is the initial concentration of phenolw®mn, G, (mg/L) is the equilibrium concentration of pheriol
agueous solution, V is the volume of the phenaltsmh (mL); and m is the weight of adsorbent (g).

Results and DiscussionScanning electron microscopy (SEM) images were tseshalyze the surface structure of
Canola (Fig. 1). Fig. 1(a) clearly shows the pawdural structure of dried Rice husk before useweler, the Fig.
1(b) indicated that the clear pore textural streeeig not observed on the surface of dried Ricé ladir use which

it could be due to either agglomeration on theaaefor the invasion of phenol into the pores oédiiRice husk.
The specific surface area of modified Rice husk determined in the size of 51.5/m
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Fig.1: SEM image of Rice husk a:before used b: afteised

Effect of Contact Time and Initial Concentration

The initial concentration gives an important driyiforce required to overcome all mass transfesstasces of all
molecules between the aqueous and solid phasedBé]effect of initial phenol concentration on agigion as
shown in Figure 2 was studied in the range of 26+2@/L of the initial phenol concentrations undee bptimized
conditions. Figures 2 showed rapid adsorption afnglh in the period and thereafter the adsorptide declined
gradually and reached the equilibrium at about 7. b was observed that, at the initial stage,ogplison rate is
more, because of availability of more numbers ofavé sites[25]. After a certain period of time, trae of
adsorption decreases due to accumulation of adsoirahe vacant sites[26]. It was also found fribra figure 2
that the increase in initial phenol concentratiohances the interaction between phenol and adte® is biomass
surfacethus decreasing the %removal of phenol with in@easconcentration. Therefore, an increase inahiti
concentration of phenol decreased the adsorptitakamf phenol.

Effect of pH: It is well known that pH of the solution in one tife prime factors influencing the sorption’s
efficiency of the system[27]. The effect of pH dretadsorption characteristic of rice husk wererddteed in the
pH 3 — 11, and constant other parameters (T °€30Contact time 75 min and initial phenol concetira= 100
mg/L). The adsorption of phenol from aqueous sotuis dependent on the pH of the solution whiclkeaff the
surface charge o the adsorbent, degree of ioaizathd speciation of the adsorbate species[28].rébelts are
displayed in figure 3. As was expected, the adsbdmount decreases with increasing the pH values d@dn be
explained on the basis that positively chargedaserfs formed on the adsorbents at a lower pHalaesorption of
hydrogen ions on the surface of adsorbents[29]mFtioe other hand at low pH, the concentration bfidhs
increased and the surface of the biomass beconigvplyscharged[30]. A strong electrostatic intefan develops
between positively charged biomass surface andtinegacharged sites on the biosorbent[22].

Effect of adsorbent dosage

The effect of adsorbent dosage on the uptake aigh® biomass was studied at different doses ¢D@Emg/100
mL) for the concentration of 100 mg/L and the reswere shown in Fig. 4. The removal of phenol feasd to
increase with an increase in adsorbent dosagererheval of phenol remained almost constant at ddswrdosage
higher than 0.4 mg/L. This can b#éributed to the increase in the adsorbent spesififacearea and availability of
more adsorption sites[31, 32].
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Fig.2. Effect of contact time and initial phenol cacentration (pH =7, dose 4 g/L , Temp: 30 °C)
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Fig.3. Effect of pH on phenol removal efficiency (€= 100 mg/L, adsorbent dose of 4 g/L, contact tinve 75 min)
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Fig.4. Effect of Adsorbent dose (€= 100 mg/L, pH: 7, time: 75 min, Temp: 3€C)
Biosorption isotherms

Analysis of adsorption data is necessary for theeligpment of biosorption isotherms, biosorpticimekics models.
These models are used for optimization of desigarpaters.
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The interaction between biosorbent and sorbatebeanetermined by the biosorption isotherm modaeisthis
present study, six isotherms, named as the Langtrgundlich, Temkin, Doubinin—Radushevich (D—Rptherm
models were investigated.

Langmuir isotherm: The Langmuir isotherm model suggests that the pibem onto the adsorbent surface is
homogeneous in nature. The linear Langmuir isothexjoration can be presented in the following equid@y 34].

E: ;+C_e

ge dmKL dm

Freundlich Isotherm: The Freundlich isotherm model was chosen to egtinfze adsorption intensity of the
adsorbate on the adsorbent. Linear form of Frecimdhodel is expressed by[35, 36].

Log g= % log Ce + logKr

Kg and 1/n are Freundlich constants related to atlsarpapacity and adsorption intensity, respecgivéln values
indicate the type of isotherm to be irreversiblin (2 0), favorable (0< 1/n<1), unfavorable (1/n>The value of 1/n
was less than one indicating the favorable adsmrpti

Temkin Isotherm: Temkin isotherm suggests that the heat of adsormf all the molecules in the layer would
decrease linearly with coverage due to adsorbaterbdnt interactions. The linear form of Temkintligom is
expressed as[37].

ge=BIna+pInC

wheref = (RT)/b, T is the absolute temperature in K, B tiversal gas constant, 8.314 J/malkthe Temkin
isotherm constant (L/g) and b is related to the b&adsorption(J/mol).

Doubinin—Radushkevich (D-R) isotherm

Doubinin—Radushkevich model is a more generalizedehas compared to the Langmuir isotherm. Thisehd
based on the fact that there is no homogeneouacgudr constant adsorption potential. The lineemfof (D-R)
isotherm model can be seen below[38].

In ge = In gyrKe?

Where K is a constant corresponding to the biogmrptnergy, g the theoretical saturation capacity ani$ the
Polanyi potential which is calculated from equatieiow[39].

e=RTIn(1+1/Q

Where R (kJ mot K™ is the gas constant and T (K) is theohlie temperature. E was calculated from
the K value by the following relation[40].

E = 1/(2K)2
The calculated values of isotherms parametershierbiosorption of phenol also given in table 1. Tadues of
correlation coefficients for langmuir isotherms &igh, so the langmuir model is fitted for phendsarption. The

values of (E) that are shown in Table 1 indicated the physico-sorption mechanism played an inapontole in
the biosorption of phenol on the rice husk.
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Table 1: Isotherm constants for phenol adsorption oto rice husk biomass

Isotherm models 2g/L| 4g/l| Isotherm model 2g/lL g4
Langmuir D-R

gm(ma/g) 37.25 | 21.95 | gn(mg/g) 29.11 | 16.44
K. (L/mg) 0.032 | 0.065 | K.10* (mofKJ?) | 6.14 | 4.32
R 0.27 [ 0.49 | E 0.34 0.61
R? 0.997 | 0.999 | R? 0.812 | 0.839
Freundlich Tempkin

Ke(mg/g) 9.25 11.36 | A(L/g) 0..278 | 0.451
n 276 | 3.31 B 27.36 | 31.45
R? 0.661 | 0.¢45 | R 084 | 0.86¢

Adsorption Kinetics: Kinetic studies are necessary to optimize diffexgrgration condition for the adsorption of
phenol.The kinetics of phenol onto rice husk was analyasithgpseudo-first order kinetic, pseudo- second order
kinetic and intraparticle diffusion models.

Pseudo First Order Kinetic Model: The model was suggested for the adsorption of Aigliid systems. The
integrated linear form of the model is as followis[42].

K1
t
2.303

Log (d.—q) =log a.—

Where @ is the amount of adsorbate adsorbed per unit wiaadsorbent at equilibrium(mg/qg),ig the amount of
adsorbate adsorbed at contact time t (mg/g)s khe pseudo-first order rate constant (RirThe values of the
correlation coefficient obtained at all the studmmhcentrations are low, in the range 0.712-0.71%6s suggests
that the pseudo-first-order kinetic model is natahle to describe the adsorption process.

The pseudo-second-order kinetic model can be exgdes linear form as follows[43, 44].

1 N t
Q@& k2q® e
where k (g/mg min) is the rate constant of the pseudorscoder. The parameters are listed in table 2.vEhees

of the correlation coefficient are higher than ®%@ggest that adsorption of phenol onto rice prsklominantly
follows the pseudo-second-order kinetic model.

The intraparticle diffusion equation is writtenfalows[45, 46].

G=Kt*®*+C

Where C is the intercept which describes the founayer thickness and K (mg/g i) is the rate constant of
intraparticle diffusion. According to results, vatiof coefficients of determination from table 2 atso low. From
these results can conclude that the biosorptiongs®of phenol onto rice husk biosorbent is nbt dapended on
intraparticle diffusion but other mechanisms midgig involved. Therefore, the data is not fitted wll the
intraparticle diffusion model.

Table 2: kinetic parameters for phenol adsorption ato rice husk

Pseudo second-order model Pseudo first-order modéhtraparticle diffusion
Co(mgll) |k, R | qe(mglg) | K R |a(mgg| K| C
25 0.029| 0.998 4.25 0.124 0.712 2.89 2|48 1176 4079
50 0.054| 0.996 10.73 0.235 0.764 7.93 3|97 2.98 060J8
100 0.072| 0.994 25.19 0.411 0.745 16.4p 5[15 3.728320
200 0.093| 0.997 44.66 0.659 0.796 38.1¢4 7,86  2.198590
CONCLUSION

The current study shows that rice husk can be aseth effective adsorbent for the removal of phé&woh aqueous
solution. It was found that the amount of phendalted depended on the parameters like contact tidserbent
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dosage, initial phenol concentration and pH. Treogation capacity increases with increasing corttae and dose
adsorbent. The equilibrium data have been analyzety Langmuir, Freundlich, Temkin and D-R isothgrifhe
Langmuir isotherm was demonstrated to provide &t borrelation for the adsorptionmfenolonto rice husk. The
kinetics of adsorption was studied by using psdiirdo-order, pseudo- second order and intrapartiifeision
models. The results demonstrate that adsorptiomaméems in the system follow pseudo-second ordwatikis.
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