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ABSTRACT

In this work, untreated rind of Aloe vera (URAV) was applied as an adsorbent for removing a cationic
dye, methylene blue (MB) from aqueous solutions under batch experiments. Adsorption parameters
such as pH, URAV dosage, contact time and MB concentration were varied to determine the efficacy
of MB removal. MB was more favoured to be removed at pH > 3 and URAV showed a fast adsorption
process as the time required to achieve equilibrium was 30 min. The maximum adsorption capacity
recorded from the non-linear expression of Langmuir isotherm model was 356 mg/g at room temperature
(300 K). Both, the pseudo-first-order and pseudo-second-order models, were appropriate to predict
the MB adsorption kinetics. Among the plausible adsorption mechanisms detected from the Fourier
transform infrared (FTIR) spectrometer and the pH studies were hydrogen bonding, n-IT and II-I1
interactions, and electrostatic attraction. Owing to the fast removal and high adsorption capacity of

MB, URAV can be applied as an adsorbent for MB removal from wastewater.

INTRODUCTION

The rapid growth of human population and industrial ac-
tivities have led to serious environmental problems, espe-
cialy in developing countries (Han et al. 2017, De Gis et
al. 2016). Numerous types of pollutants are constantly re-
leased into water bodies, which can be harmful to aguatic
lifeand humans. Therelease of dyesfromtextileindustries,
paper and pulp industries, tannery and pharmaceutical in-
dustries has been identified as one of the major sources of
water pollution. Dyes contain different chemical com-
pounds such as organics, acidsand heavy metals. Upon re-
lease into the environment, dyes will degrade, and their
breakdown products can be carcinogenic and mutagenic to
lifeforms (Zahariaet a. 2009). Methylene blue (MB) with
molecular formula C H,,N,SCI (Fig. 1) is an example of
synthetic cationic dye commonly used in medicine for stain-
ing of bacteriaand parasites (Heiner Shirmer et al. 2011), as
aredox indicator, and for colouring nylon, silk and waool.

When MB enters the water bodies, it can retard
photosynthesis, slow down the growth of aquatic biota by
reducing sunlight intensity, reduce the oxygen content, and
decrease the recreation value of stream. If consumed by
humans, MB can cause serious health problems such as
nausea, improper breathing and increased heart rate,

vomiting, methaemoglobinaemia (Mall et al. 2005), mental
confusion, and necrosis (Hameed & Ahmad 2009). Therefore,
MB must be carefully removed from industrial wastewaters
and conventional treatment methods usually involve
coagulation, flocculation, oxidation, electrochemical and
membranefiltration. However, some of these methods have
major drawbacks such ascostly, not feasibletotreat alarge
volume of wastewater, regquires a long treatment time, and
may create secondary pollution.

A much simpler and cost-effective method to remove
MB can be achieved by using adsorption technique and
nowadays, the focus of selection of adsorbents has shifted
to the use of lignocellulosic wastes (LWSs) instead of acti-
vated carbons. Leaves, stems, barks, seeds, and roots are
examples of LWswhich are highly abundant, low cost and
capable of removing MB from aqueous solutions at afaster
rate. Among them are carrot leaf powder (Kushwaha et al.
2014), Eichhornia crassipesroot and stem (Wanyonyi et al.
2013), Cengal (Neobalanocarpus hepmii) bark and red chili
(Capsicum annum) seed (Kristanti et al. 2016). However,
the amount of MB that can be adsorbed by LWsremainsa
major challenge as many articles reported low adsorption
capacities (< 100 mg/g) when LWswere used as adsorbents.
LWs also have been reported to have a low surface area
which poses a challenge in pollutant adsorption efficiency
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Fig. 1: Chemical structure of MB.

(Tran et al. 2016). For that reason, LWs are chemically or
physically treated for introducing new functional groupsor
toincrease the number of pores, which canimprove adsorb-
ent performance. However, the major drawbacks of chemi-
cally and physically treated LWs include (i) time consum-
ing asaseriesof reactionsare involved, (ii) high cost dueto
the consumption of expensive chemicals and energy, (iii)
enhanced adsorption capacity cannot be guaranteed, and
(iv) generation of toxic wastesduring pre-treatment, which
leadsto asecondary pollution problem. Therefore, applica-
tion of untreated LWSs as adsorbents is still practiced in
wastewater treatment, but a careful investigation on the
chemical properties of LWSsisrequired before they can be
applied asadsorbents. Unlike activated carbonswhich have
high surface area, untreated L Wslack porosity (Hanafiah et
a. 2012, Khalir et al. 2011) and adsorption of pollutants
mainly occurs at the external surface and not by porefilling
mechanism. Therefore, identifying the types of functional
groups present in LWsisacritical factor in determining an
adsorbent efficiency and in understanding the mechanisms
of adsorption.

Alkoxide, carboxylate, amino, and thiol are amongim-
portant functional groups that provide adsorption sites for
the attachment of cationic pollutants such as heavy metal
ionsand cationic dyes. Aloe barbadensisor Aloevera (AV),
a by-product of agricultural industry is known to contain
complex chemical compoundswhich include amino acids,
lignin, anthraquinones, mineral ssuch as potassium, sodium,
calcium and magnesium, proteins, enzymes, polysacc-
harides, lipids (waxes and sterols), and flavonoids (Baruah
et al. 2016). AV showsnumerous activities such asantioxi-
dant, antimicrobial, antiallergic, antidiabetic, anticancer,
antiulcer and anti-inflammatory; therefore, AV is consid-
ered as a very useful plant in food, cosmetic and pharma-
ceutical indugtries (Sanchez-Machado et al. 2017). Themost
important part of AV for industriesisthe clear pulp (jelly
layer) while the thick green rind is often discarded (Liu et
al. 2013). Dueto the presence of numerouscompoundsfound
in AV, it istherefore important to evaluate its potential as
an adsorbent for removing MB. A literature search hasbeen
conducted and to date, there has been no report on the ap-
plication of AV rind powder to adsorb MB from aqueous
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solutions. In this work, the behaviour of MB adsorption
onto AV rind powder (aby-product of LW), whichincludes
effectsof pH, dosage, rate of adsorption and adsorptioniso-
therm were evaluated. The adsorption performance of AV
based on maximum adsorption capacity would be compared
with other reported LWs. The plausible mechanisms of MB
adsorption were al so proposed.

MATERIALS AND METHODS

Material: Fresh Aloeveral . (AloebarbadensisMill.) leaves
were obtained from a local farm in Masai, Malaysia. The
leaves were cut and washed with deionized water to elimi-
nate dust particles. Theinner gel or fleshy part and yellow-
ishsap of AV were carefully removed to ensure that only the
green rind was | eft and used in adsorption experiments. The
cleaned rind was dried in an oven at 353 K overnight,
crushed using a laboratory mill and sieved to obtain the
average adsorbent size of <180 um. No chemical treatment
was performed on AV rind powder to avoid a major |oss of
chemical constituents due to leaching process during treat-
ment and hence, the weight of adsorbent would also be
greatly reduced. The untreated rind powder of AV wasdes-
ignated URAV and used throughout the experiments.

Char acterization of URAV: URAV was characterized by
using an Attenuated Total Reflectance-Fourier Transform
Infrared (ATR-FTIR) spectrometer (Perkin Elmer, Spectrum
100, USA) and pH of zero-point charge (pH,,). Degradation
profile of URAV based on temperature was performed by
using a thermogravimetric analyser (TGA, Pyris 1, Perkin
Elmer, USA). Approximately 5 mg of URAV was placed
onto aplatinum crucible and heated at 20°C/min under N,
flow with the temperature ranging from 25°C to 700°C. In
the ATR-FTIR analysis, URAV wassubjected to 32 scansin
a4cmresolution. InthepH, _determination, aseriesof 50
mL (0.01 M) NaCl (background el ectrolyte) solutionswere
prepared in Erlenmeyer flasksand the pH wasadjusted from
2to 10 by addition of 0.10 M HCI or NaOH solutions. Then,
0.10g URAV was added to each flask, sealed, and shakenin
awater bath shaker (temperature of 300 K) for 24 h. URAV
was filtered and the final pH of solutionsin each flask was
measured using a pH meter.

Batch adsor ption experiments. MB was purchased from
Merck, Germany, and a 1000 mg/L stock solution was pre-
pared using deionized water. Working concentration solu-
tionsof MB were prepared by appropriate dilution. All ad-
sorption experiments were conducted at room temperature
of 300 K and stirring rate of 120 rpm. The effect of MB on
solution pH was investigated at different initial pH values
(3-10). Each flask was filled with 100 mL (20 mg/L) MB
solution and the amount of UAV added was 0.02g. ThepH
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of MB solution wasadjusted by adding 0.10 M HCI or NaOH
solution. Effect of URAV dosage was performed by varying
theweight of URAV (0.02-0.10g) in 100 mL MB solutions,
while the pH and concentration of MB were kept constant
at 7 and 20 mg/L, respectively. Adsorption kinetic studies
were conducted using three different concentrations of MB
(10, 20 and 30 mg/L) and URAV dosage of 0.02 g in 50 mL
solutions. Adsorption i sotherm experimentswere carried out
for MB concentrationsof 10to 100 mg/L at a constant tem-
perature of 300K and URAV dosage of 0.02 g. After prede-
termined timeintervals, MB solutionswerefiltered and the
remaining concentration of MB in the filtrates was meas-
ured using a UV-Visible spectrophotometer (UV 1800,
Shimadzu, Japan) at A = 665 nm. This maximum absorb-
ance wavelength did not change with changesin pH of the
solution from 2 to 10. All adsorption experimentswere per-
formed in duplicates and results were presented as mean.
The relative standard deviation for all adsorption experi-
ments was < 4%. The amount of MB adsorbed (q) and the
percentage of removal were calculated using Egs. 1 and 2,
respectively:

g =(C,—C).V/m (1)
%removal = (c_ — C,).100/C, -(2)

Where, C_and C aretheinitial and final MB concentra-
tions(mg/L) at timet (min), respectively; mistheweight of
URAYV (g) and Visthe MB volume (mL). Thetria -and-error
nonlinear methodswere performed by using the Solver add-
in (Microsoft Excel) to calculate the parameters of adsorp-
tion kinetics and adsorption isotherm models. For deter-
mining the best fit model, the chi-squared and coefficient of
determination formulas were used, given by equations 3
and 4, respectively:

=3 —L‘q“ﬁqa;?“l} e

E':qa_axp_‘?a_cal}:

R*=1- -
E'\qa_sxp_q&mann:'*

_ E':I?B.E'Bl_'?a_maan}h (4)
E':qa,cal_qa,maan:':+E':qa,cal_qa.m}:

Where, g, and g, , are the anount of MB adsorbed
(mg/g) at equilibrium determined from equation 1 and the
model after using the Solver add-in, respectively; and q

(mg/g) isthe mean of e ep values.

RESULTS AND DISCUSSION

e,mean

Char acterization of URAV: The FTIR spectrum (Fig. 2)
shows the presence of complex compoundsin URAV. The
broad peak from 2600 to 3200 cm* representsthe carboxy-
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lic acid (-COOH) group. Stretching of -O-H and -N-H bonds
could be detected at 3200 - 3600 cm. The asymmetric and
symmetric stretching of -C-H bondswere represented by the
peaks at 2918 and 2850 cm?, respectively. The weak peak
at 1784 cm™ indicated the presence of ester group (-COOR).
Thestrong and broad peak at 1586 cmr? suggested the bend-
ing vibration of C=C of the aromatic ring from lignin which
overlapped with the carbonyl (C=0 of carboxylic acid) and
-NH, bending groups. The-OH bending of carboxylic acid,
C-N stretching and C-O-C group could be assigned to the
peaks at 1394, 1315 and 1003 cm?, respectively. A small

peak at 903 cm? is attributed to the presence of B-glyco-
sidic linkages between monosaccharides (Fiore et a. 2004).
The peak at 812 cm represents the C-H group of aromatic
hydrogen. Based on the aboveidentification of FTIR peaks,
it can be concluded that URAV contains main functional

groups such as hydroxyl, amino, carboxylic acid, ether and
aromatic rings. Thesefunctional groupsare commonly found
in plants as polysaccharides (mainly cellulose), lignin, pro-
teins, chlorophyll, uronic acidsand anthraquinones(Baruah
et a. 2016, Flores-L6pez et a. 2016).

URAYV after being adsorbed by MB showed some dis-
tinctive changes in intensity and wave number shift, thus
could suggest the possible mechanisms involved during
MB adsorption. For instance, the peak at 3534 cm* disap-
peared after adsorption, possibly due to the formation of
hydrogen bonding between H atoms of amino and hydroxyl
groups of URAV and N atoms of MB. Another type of hy-
drogen bonding was also possible in the MB-URAV ad-
sorption system, involving hydroxyl groups of URAV and
the aromatic ringsof MB. Thiskind of interaction isknown
as 'Y oshida H-bonding and has been reported by Blackburn
(2004) in theremoval of Reactive Red 238. The decreasein
intensity and upshift of the peak from 1585 to 1598 cm*
could indicate the formation of TT-IT interaction between
aromatic rings of MB and C=C of URAV, whichisin good
agreement with the observation of Tran et al. (2017). As
URAV containsoxygen groupssuch asR-OH, RCOOR, and
C-O-C, the n-IT interaction (known as electron donor-ac-
ceptor interaction) between lone pairsof oxygen (in URAV)
and the aromatic rings of MB could not be ruled out. Inthis
type of interaction, the oxygen groups of URAV act asthe
electron donor, while the aromatic rings of MB represent
the electron acceptors. Meanwhile, amuch higher intensity
of the peak at 1018 cn* indicated the presence of -S- group
of MB, thus confirming the attachment of MB group on
URAYV surface. In summary, acombination of electrostatic
forces, weak van der Waals interaction and hydrogen
bonding wasresponsible for the MB adsorption onto URAV.
However, determining the dominant mechanism(s) in MB
adsorption requiresafurther extensive research.

Nature Environment and Pollution Technology @ Vol. 17, No. 4, 2018
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Fig. 3 showsthe degradation profile of URAV based on
the TGA analysis. The TGA and DTG curves observed be-
tween 40°C and 190°C represent the vaporization of water
absorbed in URAV. The weight loss recorded at 200°C to
280°C was due to hemicellul ose decomposition, while cel-
lulose degraded at ahigher temperature (300-380°C). Lignin
has a high thermal stability (Postai et al. 2016) and it hasa
wider range of decompositiontemperature (200-700°C). The
major weight loss of 35%, which occurred at 410°C, was
attributed to lignin decomposition. The amount of solid
residue remaining at 700°C wasabout 23 wt %. The differ-
ent temperature of degradation observedin Fig. 3isrelated
to the differencesin polymer structures (length, cross-link-
age and chemica nature of the three main components
present in URAV). Hemicellulose consists of saccharides
(glucose, xylose, mannose and gal actose) (Perez et al. 2002),
it appearsrandom with rich in branches, has an amorphous
structure and is easy to decompose at low temperatures.
Cellulose, on the other hand, is a linear polysaccharide,
exists as long thread like fibres and has a strong intermo-
lecular and intramolecular hydrogen bonding. Therefore,
cellulose degrades at atemperature higher than hemicellu-
lose. Lignin has many aromatic ringswith various branches
(high degree of cross-linking between phenylpropane units)
(Ramiah 1970), and it actsasa cementing material in plants
and provides mechanical strength. Thesefactorscauselignin
to be more thermally stable than hemicellulose and cellu-
lose.

Different functional groups such as hydroxyl, amino,
ether and carboxylic acid as detected from the FTIR spec-
trum (Fig. 2), indicating the base and acidic groups were

URAV + MB

%T
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presentin URAV. Therefore, the surface of URAV carried
positive and negative charges and these groups have amajor
influence on the behaviour of MB uptake. The pH at which
the surface charge of an adsorbent equals zero is known as
pH,. (alsoknown as equal densitiesof positive and negative
charges). TheplotisshowninFig. 4 and the pH,. valuewas
6.20. At pH < pH_, URAV would carry more positive
chargesthan negative chargesand viceversa. AsMB carries
positive charge, adsorption of MB would be favourable at
pH > pH
Effect of pH on M B adsor ption: It iswell known that the
pH of a solution can affect the surface charge of an adsorb-
ent, the chemical form of an adsorbate and the type of inter-
action (complexation or electrostatic attraction) between
adsorbate and adsorbent. The effect of pH on MB adsorp-
tion by URAYV is shown in Fig. 5. The amount of MB
adsorbed was significantly affected at pH < 4 and a small
variationin g, (mg/g) was observed from pH 4 to 10. At pH
3, theacidic groupsin URAV such as-COOH and -OH were
being protonated, causing agreater repulsion force between
MB and these positively charged groups. Hence, the amount
of MB adsorbed was very low. As pH increased to 4, the
carboxylic acid (-COOH) would dissociate to produce car-
boxylate (-COO), whichresulted in binding of MB viaelec-
trostatic attraction. This explainswhy adsorption of MB on
URAV was possible at pH < pH, . Mannaet al. (2017) re-
ported a similar finding in the removal of MB by neem ail
phenoalic resin. A further increasein pH, especially at pH >
pH,. would expose more negative charges on URAV sur-
face which favoured a higher uptake of MB. However,
electrostatic attraction al one was not the only mechanism

zpc’

4000 3600 3200 2800 2400 2000

1800 1600 1400 1200 1000 800 600

1

cm

Fig. 2: FTIR spectra of URAV before and after contact with MB.
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involved as URAV could attract MB via hydrogen bond-
ing, n-ITandI1-ITinteractionsasrevealed by FTIR spectra
(Fig. 2).

Effect of URAV dosage: Inawastewater treatment facility,
finding the optimum amount of adsorbent for removal of
known concentration and volume of a pollutant is crucial
asthis practice can save the cost of operation. Besides, ad-
sorbent dosage al so determines the avail ability and acces-
sibility of adsorption sites. Therefore, the effect of URAV
dosage on MB adsorption wascarried out and theresultsare
shown in Fig. 6. The plots showed opposite relationship
between the amount of MB adsorbed (g, mg/g) and the
percentage removed. The percentage of MB removal was
increased by only 8 % as the URAV dosage wasincreased
from 0.02to 1.0 g. More adsorption siteswere avail ablefor
MB when URAV dosage wasincreased, resulting inahigher
percentage of MB removed. The decline in the amount of
MB adsorbed, however, was associated with the mass bal-
ance equation (Eg. 1). This equation provides two major
informations which are the number of available adsorption
sites and the number of deactivated adsorption sites at the
high adsorbent dosage (Marzbali et al. 2017). When the
URAYV dosage wasincreased, theratio of adsorption stesto

1o

Videight % (36) ————  ——
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the number of MB moleculeswould decrease, leaving more
number of unadsorbed sites and hence reduced the g, (mg/g)
values.

Collision among adsorbent particles also became more
pronounced at a higher dosage, resulting in aggregation of
particles, and would lead to the occurrence of deactivated
adsorption sites. In addition, the weak bonds (physical ad-
sorption) that hold MB moleculesto URAV could be easily
broken when the adsorbent particles collided, hence MB
moleculesweretransferred back to the aqueous phase. Based
on the dosage trend, alower amount of URAV (0.02 g) was
preferred for subsequent adsorption experimentsasthefive-
fold increment in URAV dosage only resulted in a very
small changein the percentage of MB removed but alarge
differencein g, (mg/g).

Adsor ption rate and kinetic models: Therate at which pol-
[utants are removed from aqueous sol utionsis another cru-
cial factor in the selection of suitable adsorbent for use in
wastewater treatment facility. Depending on the concentra-
tion of MB, thetimerequired for MB to achieve adsorption
equilibrium has been reported by many studies to range
from few minutesto few hours (Chenet al. 2017, Khalid &
Hanafiah 2014). Fig. 7 showsthe plots of theamount of MB

1411

)
Derivative Wsight 3 (%/min) — —

Temperature (*C)

Fig. 3: The TGA and DTG curves of URAV.
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ApH

10 1

(=)

Fig. 4: pH__plot of URAV.

zpc

qe(mg g1)

Fig. 5: Effect of

adsorbed (mg/g) versustime (min) at three different concen-
trations. URAV demonstrated a favourable property of an
adsorbent as ahigh amount of MB could be adsorbed within
the first 10 min. After 10 min of contact time, there was a
very small increment in the amount of MB adsorbed and
equilibrium timewasrecorded after 30 min. Theinitial rapid
phase of adsorptionwasdueto the presence of a high number
of uncovered adsorption sites and strong attractive forces.
Asthese siteswere adsorbed, the rate of adsorption slowed
down. It can be noticed that the amount of MB adsorbed
alsoincreased with increas ng concentration, which wasdue
to higher driving force at higher MB concentrations and
capable of overcoming the masstransfer resistance between
URAYV and liquid phase.

pH

pH on MB adsorption.

The data from this effect of concentration and contact
timewerefurther explored to determinethe order of adsorp-
tion kinetics using the nonlinear pseudo-first-order
(Lagergren 1898) and pseudo-second-order (Ho & McKay,
1998) models given by equations (5) and (6), respectively:

g, = qe[l—ekir:] ..(5)

q. = qlkyt/(1+kyq,t) ..(6)

Where, g, k and k, represent the amount of MB adsorbed
(mg/g) at timet (min), the pseudo-first-order constant (min?)
and pseudo-second-order rate congtant (g.mg*.min't), respec-
tively. The pseudo-firgt-order and pseudo-second-order pa-
rameters, R?and X?obtained are summarizedin Table1. The

Vol. 17, No. 4, 2018 @ Nature Environment and Pollution Technology
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Fig. 7: Effect of concentration and contact time on MB adsorption.

k, values obtained were found to increase from 0.217 to
0.348 min*with increasing MB concentrations. Both ki-
netic models showed the calculated amounts of MB
adsorbed at equilibrium are close to the experimental val-
ues, with R? values of the pseudo-first-order closer to unity.
The lowest k, value was recorded at 30 mg/L MB, which
suggested the longer time required to reach equilibrium,
consistent with the results of most theoretical interpreta-
tions (Plazinski et al. 2009). A closer look at the X? values
indicated that MB adsorption was better modelled by the
pseudo-second-order model. It isimportant to note that both
the kinetic models are a representation of surface reaction-
controlled kinetics and they do not present a defined ad-
sorption mechanism (Tan & Hameed 2017).

Adsor ption isotherm: Adsorption isotherm is a study on
the equilibrium rel ationship between the number of adsorb-
atesadsorbed on the surface of an adsorbent and adsorbates
remained unadsorbed in the solution. This study also pro-
videsauseful information on the poss bl e adsorption mecha-
nism such as the orientation of molecules adsorbed on the
surface of an adsorbent. According to Giles et a. (1974),
isotherms for organic solutes adsorption can be classified
into four main classes (L, H, S and C curves) based on the
dope of theinitial portion of the curve, and the sub-groups
(1to 4) of each classcan be described based on the shape of
the upper part of the curve. As can be seen in Fig. 8, the
isotherm curve is sigmoidal and has a point of inflection,
whichisatypical S3-typeisotherm curve. Miraboutal ebi et

Nature Environment and Pollution Technology @ Vol. 17, No. 4, 2018
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Fig. 8: Langmuir and Freundlich isotherm plots of MB adsorption.

Table 1: Pseudo-first-order and pseudo-second-order kinetics parameters calculated for MB adsorption on URAV.

MB A o Pseudo-first-order Pseudo-second-order

mg/L mg/g Qeca k, R? X2 Qe e K, R? X?

10 18.86 18.19 0.217 0.988 2.15 18.69 0.052 0.902 0.202
20 39.74 39.00 0.338 0.999 0.12 39.44 0.026 0.943 0.077
30 64.56 63.54 0.348 0.999 0.43 65.00 0.018 0.967 0.116

Table 2: Corresponding isotherm parameters of MB adsorption de-
duced from the Langmuir and Freundlich models.

Isotherm models Value
Langmuir

Qe 356.0
K, 0.045
R? 0.964
X2 15.01
Freundlich

K. 21.89
n 0.68
R? 0.937
X2 22.16

al. (2017) and Dotto et d. (2015) al so reported asimilar shape
of the isotherm in the MB adsorption on maize silk powder
and raw chitin, respectively. Thelow slope of the initial part
of this curve represents a low amount of MB uptake at low
initial MB concentrations, but MB would be easier to get
adsorbed at higher concentrations. This isotherm suggests a
side-by-sde association between MB molecules, also caled
a“co-operative adsorption” (Gileset d. 1960).

The adsorption isotherm data obtai ned were further ana-
lysed by using the Langmuir (Langmuir 1918) and
Freundlich models(Eqgs. 7 & 8, respectively). A non-linear

optimization technique isuseful in minimizing error func-
tionsand therefore, it was applied to determine the adsorp-
tion parametersfrom these models.

— 'Q.Sm::KL Ca
e = 1+ricy) (1)
q. = KzCI ...(8)

Where, Q° . ismaximum adsorption capacity (mg/g),
K, isthe Langmuir constant (L/mg), K_ is the Freundlich
constant [(mg/g)/(mg/L)"], and n represents the adsorption
intensity. The corresponding adsorption isotherm param-
etersare presentedin Table 2.

Adsorption of MB on URAV can be concluded to fol-
low the Langmuir isotherm model asthis model recorded a
higher non-linear regression (R?) value and alower value of
X2 compared to the Freundlich model. The maximum ad-
sorption capacity was 356 mg/g and MB adsorption was
favourable as the n value determined from the Freundlich
model was< 1. Asgivenin Table 3, URAV recorded ahigher
maximum adsorption capacity than the other reported LWs
and activated carbons derived from corncob and Cocos
nucifera L. Therefore, URAV hasagood potential applica-
tion to replace activated carbons in the treatment of
wastewater containing MB.

Vol. 17, No. 4, 2018 @ Nature Environment and Pollution Technology
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Table 3: Comparison of URAV adsorption capacity with other reported adsorbents from LWs and activated carbons.

Types of LWs Oy (MQ/g)  pH Temperature  Equilibrium Reference

(K) time (min)
URAV 356.0 8 300 30 This study
Karanj activated carbon 239.4 7 303 1440 Islam et al. (2017)
Citrus limetta peel waste 227.3 9 298 180 Shakoor & Nasar (2015)
Waste tea 212.8 6 298 120 Zhou et al. (2016)
Maize silk powder 234.1 12 298 80 Miraboutalebi et al. (2017)
Aleurites moluccana seeds 178.0 6 298 160 Postai et al. (2016)
Palm oil mill effluent 170.0 7.4 NA 1500 Zaini et a. (2016)
Oxidized weed char 161.9 7.4 323 480 Guzel et al. (2017)
Cauliflower leaf powder 149.2 9 303 100 Ansaii et a. (2016)
Platanus orientalis leaf powder 114.9 12 333 70 Peydayesh & Rahbar Kelsihami (2015)
Ashoka leaf powder 90.9 6 303 50 Gupta et al. (2012)
Corncob activated carbon 82.7 7 303 100 Tharaneedhar et al. (2017)
Solanum tuberosum leaf powder 52.6 7 303 30 Gupta et al. (2016)
Aegle marmelos leaf powder 19.9 6.7 303 10 Baruah et al. (2017)
Cocos nucifera L. activated carbon 20.62 NA 323 NA Sharma et al. (2010)

NA — not avaliable

CONCLUSION

Thiswork reveal ed the potential application of URAV asan
adsorbent for MB removal dueto its high adsorption capac-
ity (356 mg/g) and rapid uptake. The presence of numerous
functional groups, particularly the hydroxyl, carboxyl, ether,
amino and aromatic rings in URAV resulted in different
mechanismsof MB adsorption particularly viaelectrostatic
attraction, hydrogen bonding, n-IT and I1-IT interactions.
Asthe adsorption capacity of URAV was higher than acti-
vated carbons, which are rich in micropores, adsorption of
MB on URAV can be concluded to take place at the exter-
nal surface rather than by porefilling. URAV also demon-
strated good applicability in removing MB over awide pH
range (4 to 10). The pseudo-second-order and Langmuir
models best fitted the kinetics and equilibrium adsorption
studies, respectively.
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