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ABSTRACT

A carbonaceous adsorbent prepared from an indigenous waste by acid treatment was tested for
its efficiency in removing Methylene blue. The parameters studied include agitation time, initial
dye concentration, carbon dose, pH and temperature. The adsorption followed first order
reaction equation and the rate is mainly controlled by intra-particle diffusion. Freundlich and
Langmuir isotherm models were applied to the equilibrium data. The adsorption capacity (Qr)
obtained from the Langmuir isotherm plots were 60.61, 59.95, 62.11 and 62.50 mg/g respectively
at an initial pH of 7.0 at 30, 40, 50 and 60°C. The temperature variation study showed that the
Methylene blue adsorption is endothermic and spontaneous with increased randomness at the
solid solution interface. Sgnificant effect on adsorption was observed on varying the pH of the
Methylene blue solutions. Almost 68% removal of Methylene blue was observed at 60°C. The
Langmuir and Freundlich isotherms obtained, positive AH® value, pH dependent results and

desorption of dye in mineral acid suggest that the adsorption of Methylene blue on MCC
involves physisor ption mechanism.

Key words: Activated carbon (MCC), Methylene blue (MB), Adgtion isotherm, Equilibrium,
Kinetic and Thermodynamic parameters, Intrapartidteision, Regeneration pattern.
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INTRODUCTION

The concentration and effective utilization of aated carbon generated from natural plant
material have attracted worldwide attention in ewviof the large disposal problem without

detriment to environment. Many investigators hawalied the feasibility of using inexpensive

alternative materials like pearl millet husk, dates, saw dust buffing dust of leather industry,

coir pith, crude oil residue tropical grass, olastene and almond shells, pine bark, wool waste,
coconut shell etc., as carbonaceous precursorsthierremoval of dyes from water and

wastewater [1,2,3].

The present study undertaken to evaluate the effiltgi of a carbon adsorbent prepared from acid
activatedmorinda coreia buch-ham bark carbon (MCC) for the removal of Methylene blue
dye in aqueous solution. In order to design adswrgreatment systems, knowledge of kinetic
and mass transfer processes is essential. Imp#mpsr, we have reported the applicability of
kinetic and mass-transfer models for the adsorptibrMethylene blue onto acid activated
carbon.

EXPERIMENTAL SECTION

Materials

2.1 Adsorbent Materials

The driedmorinda coreia buch-ham bark was carbonized with concentrated sulphuric acid in
the weight ratio of 1:1 (w/v). Heating for six hsuin a furnace at 40C has completed the
carbonization and activation. The resulting carlvees washed with distilled water until a
constant pH of the slurry was reached. Then theorawas dried for four hours at IZDin a
hot air oven. The dried material was ground wel fine powder and sieved.

Adsorption dynamic experiments

3.1 Batch equilibration method

The adsorption experiments were carried out in &hbarocess at 30, 40, 50 and 60° C
temperatures. The known weight of adsorbent materasa added to 50 ml of the dye solutions
with an initial concentration of 20 mg/L to 100 rhg/The contents were shaken thoroughly
using a mechanical shaker rotating with a speeti26f rom. The solution was then filtered at
preset time intervals and the residual dye conagatr was measured.

3.2 Effect of variable parameters

3.2.1 Dosage of adsorbents

The various doses of the adsorbents are mixed th#ghdye solutions and the mixture was
agitated in a mechanical shaker. The adsorptipaates for different doses were determined
at definite time intervals by keeping all otherttas constant.

3.2.2 Initial concentration of dye

In order to determine the rate of adsorption, expents were conducted with different initial
concentrations of dyes ranging from 20 to 100 médLother factors have kept constant.
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3.2.3 Contact time

The effect of period of contact on the removal leé dye on adsorbent in a single cycle was
determined by keeping patrticle size, initial cortcation, dosage, pH and concentration of other
ions constant.

3.2.4 pH

Adsorption experiments were carried out at pH 8.- The acidic and alkaline pH of the media
was maintained by adding the required amounts aftaedihydrochloric acid and sodium
hydroxide solutions. The parameters like partgiee of the adsorbents, dye concentration,
dosage of the adsorbent and concentration of atherhave kept constant while carrying out the
experiments. The pH of the samples was determusitly a portable pH meter, Systronics
make. The pH meter was calibrated with 4.0 andafters.

3.2.5 Chloride

The experiments were done in the presence of v@grghoride environments using various
sodium chloride solutions. While doing the expemts, the absence of other anions has
ensured.

3.2.6 Temperature

The adsorption experiments were performed at fafferdnt temperatures viz., 30, 40, 50 and
60°C in a thermostat attached with a shaker, Reakiem The constancy of the temperature was
maintained with an accuracy of £ 0.5° C.

3.2.7 Zero point charge

The pH at the potential of zero charge of the carfHzpc) was measured using the pH drift
method [4]. The pH of the solution was adjusted using 0.01 M sodium hydroxide or
hydrochloric acid. Nitrogen was bubbled through siméution at 28C to remove the dissolved
carbon dioxide. 50 mg of the activated carbon wdded to 50 ml of the solution. After
stabilization, the final pH was recorded. The geami final pH versus initial pH used to
determine the zero point charge of the activatebara

3.2.8 Titration studies

According to Boehm [4] only strong acidic carboxyhcid groups are neutralized by sodium
bicarbonate, where as those neutralized by sodanmooate are thought to be lactones, lactol
and carboxyl group. The weakly acidic phenolic g®wnly react with strong alkali, sodium
hydroxide. Therefore, by selective neutralizati@ing bases of different strength, the surface
acidic functional group in carbon can be charapgeriboth quantitatively and qualitatively.
Neutralization with hydrochloric acid characterizhe amount of surface basic groups that are,
for example, pyrones and chromenes. The basic grepehave described to surface basic
groups and the pi electron system of carbon bdaakp. The results indicate that the activated
carbon used may possesses acidic oxygen funcgooap on their surface and this is supported
well by their respective zero point charge valugébe results obtained from the above
characterization studies are given in the Table 1.
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3.2.9 Desorption studies
Desorption studies help to elucidate the naturgdsbrption and recycling of the spent adsorbent
and the dye. The effect of various reagents useddsorption are studied.

RESULTS AND DISCUSSION

4.1 Characterization of the adsorbent

Activated carbons are a widely used adsorbent duis thigh adsorption capacity, high surface
area, micro porous structure and high degree dacairrespectively. The wide usefulness of
carbon is a result of their specific surface atggh chemical and mechanical stability. The
chemical nature and pore structure usually detersithe sorption activity. The physico
chemical properties of the chosen adsorbent aezllia Table 1

Table 1-Characteristics of the adsorbent

Properties MCC
Particle size (mm) 0.055
Density (g/cc) 0.3575
Moisture content (%) 2.25
Loss on ignition (%) 82
Acid insoluble matter (%) 2.5
Water soluble matter (%) 0.32
pH of aqueous solution 6.85
PH;pc 6.35
Surface groups (m equiv/g)

i) Carboxylic acid 0.325
ii) Lactone, lactol 0.049
iii) Phenolic 0.061
iv) Basic (pyrones and chromenes) 0.036

4.2 Effect of contact time and initial dye concenttion

The experimental results of adsorptions of at wericoncentrations (20-100 mg/L) with contact
time are shown in representative Figure 1. Thelibguim data were collected in Table 2 reveals
that, percent adsorption decreased with increasmiiial dye concentration, but the actual

amount of Methylene blue dye adsorbed per unit mésarbon increased with increase in dye
concentration. It means that the adsorption islizigependent on initial concentration of dye. It
is because of that at lower concentration, the ratithe initial number of Methylene blue dye

molecules to the available surface area is low emsntly the fractional adsorption becomes
independent of initial concentration. However, a@jhhconcentration the available sites of
adsorption becomes fewer and hence the percergageral of Methylene blue dye is dependent
upon initial concentration [5,6]. Equilibrium havestablished at 40 minutes for all

concentrations. Figure 1 reveals that the curvessargle, smooth, and continuous, leading to
saturation, suggesting the possible monolayer egesof the Methylene blue dye on the carbon
surface.

629



S Arivoli et al J. Chem. Pharm. Res,, 2010, 2(5):626-641

Table 2- Equilibrium parameters for the adsorption of Dye onto activated Carbon

[MB] o Ce (mg/L) Qe (Mg/g) Dye removed (%)
Temperature (C)
3¢ 4@ 5¢° 60° 30 4Q° 5¢° 60 3¢ 40 50 60
20 2.2578 2.0142 1.8529 1.6434 17.7422 17.9858 178.1418.3560 88.7 89.9 90.7 917
40 10.5752 10.1849 9.7487 9.3544 29.4248 29.8150 580.2 30.6450 735 745 756 76.6
60 23.1572  22.5127 21.9092 21.3157 36.8428 37.48700988 38.6840 61.4 624 634 644
80 34.5942 363.7849 32.9802 32.1799 45.4000 46.487001890 47.8200 56.7 58.1 58.7 59.7

100 46.3415 45.2987 44.3014 43.2892 53.6500 53.65806986 56.7100 53.6 53.7 55.6 56.7
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Fig.1-Effect of contact time on the
adsorption of methylene blue onto MCC
[MG]=60mg/L;Adsorbent dose=50 mg/50ml;pH=7
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Fig.2-Effect adsorbent dose on the adsorption of
methylene blue onto MCC
[MG]=60mg/L;Contact time=60 min;pH=7

4.3 Effect of carbon concentration

The adsorption of the Methylene blue dye on carl@s studied by varying the carbon

concentration (10-250 mg/50ml) for 60 mg/L of dyencentration. The percent adsorption
increased with increase in the carbon concentrgdftagyure 2). This was attributed to increased
carbon surface area and availability of more adgmsites [5,6]. Hence the entire studies are
carried out with the adsorbent dose of 50 mg obdmnt /50 ml of the adsorbate solution.

4.4 Adsorption isotherm
The experimental data analyzed according to theatifiorm of the Langmuir and Freundlich
isotherms [7,8]. The Langmuir isotherm represetethe following equation

CdQe=1/Qub + G/Qm

Where G is the equilibrium concentration (mg/L),.@ the amount adsorbed at equilibrium
(mg/g) and @ and b is Langmuir constants related to adsorpéfiitiency and energy of
adsorption, respectively. The linear plots Qg versus G suggest the applicability of the
Langmuir isotherms (Figure 3). The values aof, @d b were determined from slope and
intercepts of the plots and are presented in T@blErom the results, it is clear that the value of
adsorption efficiency @ and adsorption energy b of the carbon increasesaneasing the
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temperature. From the values we can conclude Heatrtaximum adsorption corresponds to a
saturated monolayer of adsorbate molecules on laelsbsurface with constant energy and no
transmission of adsorbate in the plane of the &#sarsurface. The observed b values shows that
the adsorbent prefers to bind acidic ions and thaé¢ciation predominates on sorbent
characteristics, when ion exchange is the predamimechanism takes place in the adsorption
of Methylene blue, it confirms the endothermic matof the process involved in the system
[9,10,11]. To confirm the favourability of the adston process, the separation factor)(Ras
calculated and presented in Table 4. The values feeind to be between 0 and 1 and confirm
that the ongoing adsorption process is favoral®¢ [1

The Freundlich equation was employed for the adsorpf Methylene blue on the adsorbent.
The Freundlich isotherm was represented by

log @=log K + 1/nlog G

Where Q is the amount of Methylene blue dye adsorbed (mgly is the equilibrium
concentration of dye in solution (mg/L) and &nd n are constants incorporating the factors
affecting the adsorption capacity and intensitaddorption, respectively. Linear plots of log Q
versus log @shows that the adsorption of Methylene blue dyeyslihe Freundlich adsorption
isotherm (Figure 4). The values of End n given in the Table 5 shows that the incréase
negative charges on the adsorbent surface that aneleetrostatic force like Vanderwaal's
between the carbon surface and dye ion. The maeeubight, size and radii either limit or
increase the possibility of the adsorption of tlge dnto adsorbent. However, the values clearly
show the dominance in adsorption capacity. Thensitg of adsorption is an indicative of the
bond energies between dye and adsorbent and teiitibsof slight chemisorptions rather than
physisorption [10,11]. However, the multilayer agitmn of Methylene blue through the
percolation process may be possible. The values®freater than one indicating the adsorption
is much more favorable [12].
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Fig.3-Langmuir isotherm for the adsorption of méthg blue by MCC
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Fig.4-Freundlich isotherm for the adsorption of
methylene blue onto MCC
Table 3 - Langmuir isotherm results
Dye Temp Statistical parameters/constants
°c r? Q b
MB 30 0.9758 60.61 0.1078
40 0.9787 59.95 0.1141
50 0.9756 62.11 0.1137
60 0.9737 62.50 0.1218
Table 4 Dimensionless Separation factor (B
Temperature (°C)
[MB] o 30 40 50 60
(mg/L)
20 0.316 0.304 0.305 0.290
40 0.189 0.179 0.181 0.171
60 0.134 0.127 0.128 0.120
80 0.104 0.098 0.099 0.093
100 0.084 0.080 0.081 0.076
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Table 5 - Freundlich isotherm results

Dye Temp Statistical parameters/constants
°c P K n

MB 30 0.9937 1.4239 2.8296
40 0.9941 1.4070 2.9282
50 0.9925 1.4055 2.9377
60 0.9916 1.3971 2.9904

4.5 Effect of temperature

The adsorption capacity of the carbon increaset imitrease in the temperature of the system
from 30°-60°C. Thermodynamic parameters such asgd in free energyAG°®) (kJ/moal),
enthalpy AH°)(kJ/mol) and entropy AS°)(J/K/mol) were determined using the following
equations

0¥ Csolid Ciiquid
AG° = -RT InKg
logKo = AS®/ (2.303RT) AH%/(2.303RT)

Where Ko is the equilibrium constants.fq is the solid phase concentration at equilibriung/(m
L), Ciquia is the liquid phase concentration at equilibriung(lm), T is the temperature in Kelvin
and R is the gas constant. ThEI°® and AS° values obtained from the slope and intercept of
Van't Hoff plots have presented in Table 6. TheueslAH® are with in the range of 1 to 93
KJ/mol indicates the physisorption. From the reswe could make out that physisorption is
much more favorable for the adsorption of Methylbhes. The positive values aH° show the
endothermic nature of adsorption and it governspibesibility of physical adsorption [11,13].
Because in the case of physical adsorption, whiteeiasing the temperature of the system, the
extent of Methylene blue dye adsorption increafes rules out the possibility of chemisorption
[13]. The lowAH°® value depicts dye is physisorbed onto adsorbEIE.

The negative values &fG° (Table 6) shows the adsorption is highly favéeand spontaneous.
The positive values oAS° (Table 6) shows the increased disorder and randss at the solid
solution interface of Methylene blue with MCC adsemt, while the adsorption there are some
structural changes in the dye and the adsorbeni o€he adsorbed water molecules, which have
displaced by the adsorbate species, gain morelatammal entropy than is lost by the adsorbate
molecules, thus allowing the prevalence of randm@sne the system. The enhancement of
adsorption capacity of the activated carbon at drigtemperatures was attributed to the
enlargement of pore size and activation of the di#sa surface [12,13,14].

4.6 Kinetics of adsorption

The kinetics of sorption describes the solute uptake, which in turn governs residence time or
sorption reaction. It is one of the important cleéeastics in defining the efficiency or sorption.
In the present study, the kinetics of the dye resh@xas carried out to understand the behaviour
of these low cost carbon adsorbents. The adsorpfialye from an aqueous follows reversible
first order kinetics, when a single species areswmred on a heterogeneous surface. The
heterogeneous equilibrium between the dye solutoiisthe activated carbon are expressed as

ke
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Adc— B

2K

Where k is the forward rate constant and is the backward rate constant. A represents
Methylene blue dye remaining in the aqueous saluéad B represent Methylene blue dye
adsorbed on the surface of activated carbon. Thédilmium constant (k) is the ration of the
concentration adsorbate in adsorbent and in aqusmuson (Ky=ki/ky).

In order to study the kinetics of the adsorptioagess under consideration the following kinetic
equation proposed by Natarajan and Khalaf as aitéterature has been employed [1].

log Co/Ci=(Kad2.303)t

Where G and G are the concentration of the dye in (in mg/L) iatet zero and at time t,
respectively. The rate constants{ifor the adsorption processes have been calculadedthe
slope of the linear plots of logo(C; versus t for different concentrations and tempeest The
determination of rate constants as describederalitire given by

Kadzk1+k2=k1+(k1/Ko)=k1[l+1/K0]

The overall rate constantgfor the adsorption of dye at different temperasuaee calculated
from the slopes of the linear Natarajan-Khalaf @ldthe rate constant values are collected in
Table 7 shows that the rate constant)(kncreases with increase in temperature suggettatgy
the adsorption process in endothermic in naturethBy kg values decrease with increase in
initial concentration of the dye. In cases of stsgrface adsorption a variation of rate should be
proportional to the first power of concentrationowéver, when pore diffusion limits the
adsorption process, the relationship between irdtyg concentration and rate of reaction will
not be linear. Thus, in the present study poreusiéin limits the overall rate of dye adsorption.
The over all rate of adsorption is separated ihtorate of forward and reverse reactions using
the above equation. The rate constants for thegi@hand reverse processes are also collected in
Table 7 indicate that, at all initial concentrasoand temperatures, the forward rate constant is
much higher than the reverse rate constant suggetitiat the rate of adsorption is clearly
dominant [1,11,13].

Table 6 Equilibrium constant and thermodynamic paraneters for the adsorption of Methylene blue dyes
onto carbon

M Ko AG®
Blo AH® AS

Temperature (°C)

3¢ 40 50° 60° 30 4 50° 60°
20 7.85 892 9.79 11.16 -5.70 -439 -6.12 -6.68 723. 68.27
40 278 292 3.10 3.27 -2.57 -2.79 -3.04 -3.28 9.51 48.51
60 159 166 1.74 1.81 -1.17 -1.32 -1.48 -1.64 6.20 33.65
80 131 137 1.42 1.48 -0.68 -0.83 -0.95 -1.09 4.73 26.51
100 1.15 118 1.25 131 -0.36 -044 -0.62 -0.74 4.39 24.01
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Table 7 - Rate constants for the adsorption of Metlene blue dye (18k,q, min %) and the
constants for forward (1 k;, min ™) and reverse (16k,, min™) process

Temperature (°C)

[D]o Kag 30 40 50 60
3¢ 40 50  6QF° ki ko ki ko ki k k@ ko
369. 454. 528. 653.  328. 417  408. 457  479. 489  599. 53.
20 86 63 07 29 1 5 85 8 15 2 57 72
748 808 879 951 550 198 602 205 665 214 728 22.
40 9 5 2 3 9 0 7 8 0 2 9 24
36.1 383 40.1 42.4 222 139 239 143 255 146 273 15.
60 3 2 6 6 0 3 5 7 0 6 8 08
19.1 304 315 335 165 125 17.6 128 185 129 200 13.
80 0 9 3 0 2 8 6 3 4 9 3 47
254 265 277 289 136 117 144 121 154 122 164 12.
100 2 7 5 4 4 8 1 6 6 9 2 52

4.7 Intraparticle diffusion

The most commonly used technique for identifying thechanism involved in the sorption
process is by fitting the experimental data in @tnaparticle diffusion plot. Previous studies by
various researchers showed that the plot of QtugefS’ represents multi linearity, which
characterizes the two or more steps involved instbiption process. According to Weber and
Morris, an intraparticle diffusion coefficient,Ks defined by the equation:

Ko=Q/t°

Thus the K(mg/g mirf- value can be obtained from the slope of the pl@t(mg/g) versus’t

for Methylene blue. From figure 5, it was notedtttiee sorption process tends to be followed by
two phases. The two phases in the intrapartictieigldn plot suggest that the sorption process
proceeds by surface sorption and intraparticleudiéin [15,16]. The initial curved portion of the
plot indicates a boundary layer effect while theosel linear portion is due to intraparticle or
pore diffusion. The slope of the second linear ipartof the plot has been defined as the
intraparticle diffusion parameter,@ng/g mirf-. On the other hand, the intercept of the plot
reflects the boundary layer effect. The larger ititercept, the greater the contribution of the
surface sorption in the rate limiting step. Thecuoklted intraparticle diffusion coefficient,K
value was given by 0.300, 0.342, 0.389, 0.423 adad@mg/g mift® for initial Methylene blue
dye concentration of 20,40,60,80 and 100 mg/L €30
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Fig.5-Intraparticle diffusion effect

on the adsorption of methylene blue onto MCC
[MG]= 60 mg/L;Contact time = 60 min;Adsorbent dosémg/50ml

4.8 Effect of pH

pH is one of the most important parameters cdimigpthe adsorption process. The effect of pH
of the solution on the adsorption of Methylene hles on MCC was determined. The result is
shown in Fig. 6. The pH of the solution was coméilby the addition of HCI or NaOH. The
uptake of Methylene blue ions at pH 8.0 was theimmim and a maximum in uptake was
obtained at pH 3.00. However, when the pH of tHatsm was increased (more than pH 9), the
uptake of Methylene blue ions was increased. Iteappthat a change in pH of the solution
results in the formation of different ionic speciesd different carbon surface charge. At pH
values lower than 5, the Methylene blue ions caerento the pore structure. At a pH value
higher than 7, the zwitterions form of Methylene@éln water may increase the aggregation of
Methylene blue to form a bigger molecular form (dinand become unable to enter into the
pore structure of the carbon surface. The greagregation of the zwitterionic form is due to
the attractive electrostatic interaction betweenitimic groups of the monomer.

At a pH value higher than 9, the exisistance of M&L@ace OHcreates a competition between
ionic dye and it will decrease the aggregation etiWlene blue, which causes an increase in the
adsorption of Methylene blue ions on the carboffieser The effect of the charge on the carbon
surface and the electrostatic force of attractioth @epulsion between the carbon surface and the
Methylene blue ions cannot explain the outcomel[]p,
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Fig.6-Effect of pH on the adsorption

of methylene blue onto MCC
[MG]=60mg/L;Contact time=60 min;Adsorbent dose=5§/50 ml

4.9 Effect of the ionic strength on the adsorptiof Methylene blue on MCC

The effect of sodium chloride on the adsorptiotMathylene blue on MCC is shown in Fig. 7.
In a low solution concentration NaCl had littlelugnce on the adsorption capacity. At higher
ionic strength the adsorption Methylene blue wadlibcreased due to the partial neutralization of
the positive charge on the carbon surface and secprent compression of the electrical double
layer by the Clanion. The chloride ion can also enhances adsorpfi Methylene blue ion onto
MCC by pairing of their charges and hence redudimgrepulsion between the Methylene blue
molecules adsorbed on the surface. This initiateban to adsorb more of positive Methylene
blue ions [1,17].
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Fig.7-Effect of other ion on the adsorption of ngthe blue by MCC
[MG]=60 mg/L;Contact time=60 min;Adsorbent dose+§'50 ml

4.10 Desorption studies

Desorption studies help to elucidate the naturgdsbrption and recycling of the spent adsorbent
and the dye. If the adsorbed dyes can be desoied neutral pH water, then the attachment of
the dye of the adsorbent is by weak bonds. Iftauip acid or alkaline water desorp the dye
then the adsorption is by ion exchange. If orgawids, like acetic acid can desorp the dye, then
the dye has held by the adsorbent through chentisorprhe effect of various reagents used for
desorption studies indicate that hydrochloric asid better reagent for desorption, because we
could get more than 68% removal of adsorbed dye.r&lersibility of adsorbed dye in mineral
acid or base is in agreement with the pH dependesults obtained. The desorption of
Methylene blue dye by mineral acids and alkalinelioma indicates that the dyes were adsorbed
onto the activated carbon through by physisorpti@thanisms [12,18].

CONCLUSION

The experimental data correlated reasonably welthieyLangmuir and Freundlich adsorption
isotherms and the isotherm parameters were cadclildhe low as well high pH value pay the
way to the optimum amount of adsorption of the dylee amount of Methylene blue adsorbed
increased with increasing ionic strength and inmedawith increase in temperature. The
dimensionless separation factor J®howed that the activated carbon could be usedh®
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removal of Methylene blue from aqueous solutione Malues ofAH®, AS°® andAG*® results
shows that the carbon employed has a considerabéafal as an adsorbent for the removal of
Methylene blue.
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