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ABSTRACT: A new biosorbent, abbreviated as LVB-ZrO,, was
synthesized by chemically modifying Lagenaria vulgaris shell with ZrO,.
The removal of textile dye RB19 from aqueous solution by LVB-ZrO, was
studied. Characterization by SEM, FTIR and XRD confirmed the chemical
modification of the biomaterial, which showed significant improvement of
removal efficiency compared with unmodified Lagenaria vulgaris shell.
LVB-ZrO, point of zero charge is 5.49. The biosorption process is highly
pH dependent and the optimal pH is 2.0, at which complete dye removal
was attained. The results are the best by a pseudo-second order kinetic
model. The optimal adsorbent dosage is 4 mg/dm®The RB19 biosorption
follows the Langmuir isotherm model (R?=0.9978), with the maximum
sorption capacity of 75.12 mg/g. LVB-ZrO, is a mechanically stable, easy
to synthesize, cost-effective, biocompatible and environmentally-friendly
biosorbent with the high potential for the removal of RB19 from aqueous
solution. Water Environ. Res., 87, 635 (2015).
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Introduction

Synthetic dyes are colored aromatic compounds with different
chromophores and reactive groups. Reactive Blue 19 (RB19) is
an anthraquinone reactive dye, important in dyeing of cellulosic
fibers (Zollinger, 2003; Shore, 1995). The textile dyeing industry
releases colored effluents into the environment, which can be
harmful to the receiving water sources. A large portion of
synthetic dye that is lost during the dyeing process could remain
mainly intact, because they are stable to light, heat, oxidizing
agents and aerobic biological degradation. The application of
conventional physicochemical wastewater treatments (precipi-
tation, sedimentation, ultrafltration, flotation, UV irradiation,
ozonation and coagulation) is limited due to the poor dye
removal or high operational costs, intensive energy requirement
and limited adaptability to a wide range of effluents (Akar et al.,
2009; Aksu and Isoglu, 2006; Barka et al., 2013; Singanan, 2003).

Biosorption is a promising alternative technology to remove
organic pollutants from aqueous solutions using inactive and dead
biomasses as the sorbents, with the advantages of low-cost,
availability in nature, greater profitability and ease of operation.
Biosorbents are inexhaustible, low-cost and non-hazardous
materials, which require little processing. Various biosorbents for
dye removal have been applied, such as agricultural waste (Akar et
al,, 2009; Aksu and Isoglu, 2006) and the different parts of various
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plants, such as seeds (Alencar, 2012), shell (Cardoso et al., 2011)
and cladodes (Barka et al. 2013). Biomaterials, including dead
biomass and biopolymers, can be modified by inorganic materials,
such as SiO,, TiO,, Fe;O3 and others, providing the new, unique
hybrid or composite materials (Copello et al., 2011; Mahmoodi et
al, 2011; Gupta and Nayak, 2012). Certain modifications of
biosorbents by metal oxides may improve their sorption efficiency
and mechanical and other properties. Investigations by Copello et
al. (2011) and Mahmoodi et al. (2011) have demonstrated that
some textile, food, biological and chemical dyes could be effectively
removed from water using chitosan hydrogel/SiO, and chitin
hydrogel/SiO, hybrid materials and alginate/titania nanoparticles.

Lagenaria vulgaris is a large annual, climbing or tailing herb that
can be grown worldwide, up to 1600 m altitude. It doesn’t require
use of agrochemicals and specific soil preparation for planting. It is
mostly composed of cellulose and lignin (Shah et al., 2010). The
shell of Lagenaria vulgaris was selected as the starting biosorbent
material because it possesses a macro porous structure, very high
mechanical stability under various biosorption treatment condi-
tions, it does not swell in water, and its cellulosic structure offers the
possibility of chemically modification (Stankovic et al., 2013). In
addition, it is easily available, environmentally friendly, low cost and
easy to grow and prepare. Lagenaria vulgaris shell has effectively
removed metal cations from water (Miti¢-Stojanovic et al., 2011;
Stankovic et al., 2013), but its ability to remove the anionic dye is
relatively low. In attempt to improve that ability and to obtain an
efficient material for the reactive dye removal, it was modified with
a small amount of ZrO,. To the best of our knowledge, neither
Lagenaria vulgaris, nor ZrO, has been used for that purpose. In this
paper, a synthesis, characterization and application of a novel
Lagenaria vulgaris-ZrO, biosorbent for the removal of RB19 from
aqueous solution was studied.

Materials and Methods

RB19 with 50% purity was purchased from Dystar (Germany).
ZrOCl,x8H,0, HNO; and NaOH (Merck, Germany) were of
analytical reagent grade.

Preparation and Characterization of Biosorbent. The
experiments were performed using a shell of Lagenaria vulgaris,
grown in the south of Serbia (near the town of Ni$) at 200 m altitude
under controlled conditions with irrigation and without fertiliza-
tion. All plants were planted at the same time in mid-April and
harvested in mid-October. Lagenaria vulgaris shell was roughly
crushed, washed with deionized water, grounded by laboratory mill,
then acid treated (0.3 M HNO3), washed with deionized water,
treated with 1M NaOH 60 min, washed with deionized water, dried
in the oven at 551 °C to constant weight and abbreviated as LVB.
10 g of LVB was dispersed in 100 cm® of 10 g/dm?® solution of
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Figure 1—SEM images of: A) LVB and B) LVB-Zr0, at magnification of x<2000.

ZrOClyx8H,0. The dispersion was stirred for 0.5 h at 25.0+0.5 °C.
After that solution was evaporated. Obtained material was washed
with deionized water, treated by trimethylamin, washed with
deionized water until neutral pH and dried at 551 °C for 5 h. This
material was abbreviated as LVB-ZrO,.

The content of zirconium in the sample was determined using an
inductively coupled atomic emission spectrometer model 6500
Duo (Thermo Scientific, United Kingdom) equipped with a CID86
chip detector (the material sample (0.5 g) was digested with a
mixture of 7 mL of concentrated HNO; and 1 mL of 30 % H,O, in
an Advanced Microwave Digestion System (Ethos 1, Milestone,
Italy) under the following program: heated up to 200 °C in 10 min
and held for 10 min at that temperature). Scanning electron
microscopy (SEM) was performed using the lower detector of a
Hitachi SU8030 cold-cathode field emission gun scanning electron
microscope (FEG-SEM) at 2 kV accelerating voltage, at various
working distances between 10 and 16 mm and at nominal
magnifications of X200 and X2000. XRD pattern was taken by
the use of a Siemens D500 diffractometer (Germany) with a Ni filter
using Cu Ko radiation (A =0.154 nm) and the step-scan mode with
a step width of 0.02° and 1 s/step. FTIR spectra were recorded by
means of a BOMEM MB-100 FTIR spectrometer (Hartmann &
Braun, Canada) using KBr pellets containing 1.0 mg of the sample
in 150 mg KBr. The instrument is equipped with a standard DTGS/
KBr detector in the range of 4000—400 cm™" with a resolution of 2
cm™'. Point of zero charge was determined by pH drift method
(Yang et al., 2004) with some modifications for LVB-ZrO,. The pH
of test solutions were adjusted in a range between 2 and 10 using
0.01M HNOj and 0.01 M KOH. A 0.2 g of biosorbent samples were
added to 50 ml of test solutions into stopped glass tubes and
equilibrated for 24 h. The final pH (pHy) was measured after 24 h
and plotted against the initial pH (pHj). The pH at which the curve
crosses line pH; = pH was taken as pH,,..
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Batch Sorption Experiments. The stock solutions of RB19
(1.0000 g/dm®) were prepared by dissolving a given amount of
powdered RB19 in deionized water. Working model solutions were
prepared by the appropriate dilution of the stock solutions. To
examine the effect of initial dye concentration, the solutions with
800 and 1600 mg/dm?® of the dye were prepared separately, by
directly dissolving the given amount of the powdered dye. The pH
of the solutions was adjusted with 0.1/0.01 mol/dm® NaOH/HNO3
solutions pH-metrically (SensIon5, HACH, USA). All experiments
were performed at 20.0+0.5 °C. The samples of the solution were
taken before the adsorption started, and after: 1, 5, 10, 20, 40, 60,
90, 120 and 180 min and analyzed. Dye concentration was
measured using UV-vis spectrophotometer Shimadzu UV-1650
PC (Shimadzu, Japan) at 592 nm. The amount of RB19 adsorbed g,
(mg/g) was determined by using the equation:

(co—c)V

=", (1)

where ¢y and ¢, are the initial and final dye concentrations (mg/
dm?), V is the solution volume (dm®) and m is the mass of the
sorbent (g).

The removal efficiency (RE) of RB19 by biosorbent was
calculated using the equation:

RE(%) = C"C—_Oct X 100 (2)

Results and Discussion

Material Characterization. ZrO, was almost quantitatively
(98.7%) transferred to the biomaterial and its content in LVB-ZrO,
sorbent was 3.7%. The SEM images of LVB and LVB-ZrO, (Figure
1A and 1B) show that the surface structure of the biomaterial
before (LVB, Figure 1A) and after incorporation of ZrO, (LVB-
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Figure 2—A) FTIR spectra of LVB and LVB-Zr0, and B) XRD spectrum of LVB-Zr0,

ZrQO,, Figure 1B) was very similar, meaning that the process did not
bring any visible physical change of the biomaterial surface
morphological structure. The surface layers of the LVB-ZrO, are
smooth, like those of LVB and the visible ZrO, layers, particles and/
or “islands” as the separate phase on the biomaterial surface were
not detected, indicating that ZrO, was highly and homogeneously
dispersed, without change of the biomaterial structure.

The spectra of LVB and LVB-ZrO, are similar (Figure 2A),
exhibiting characteristic absorption bands for the lignocellulose
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material; a detailed discussion of LVB spectrum is given
elsewhere (Stankovi¢ et al., 2013; Miti¢-Stojanovic et al., 2011).
In the spectrum of LVB-ZrO,, the series of small absorption
bends below 550 cm™ corresponding to Zr—O vibrations were
detected (Sahu and Rao, 2000; Sarkar et al., 2007), confirming
the presence of ZrO2 in LVB-ZrO,. Their intensity is somewhat
lower due to a relatively low content of ZrO, in LVB-ZrO,.
The XRD pattern of LVB-ZrO, shows the peaks that are
typical for cellulosic materials with relatively high portions of
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Figure 3—Effect of initial pH on the removal efficiency for RB19
from 50.0 mg/dm® solutions by 4.0 g/dm® LVB-Zr0, biosorbent at
20+0.5 °C at equilibrium.

crystalline regions (Figure 2B). The series of broad, well defined
peaks with 2 theta values at: 15.0°, 16.6°, 20.7°, 22.7° and 34.5°
correspond to (101), (101), (021), (002) and (040) reflection,
respectively (Park et al, 2010). The XRD pattern of LVB-ZrO,
does not contain characteristic peaks that appear in the XRD
pattern of any crystalline modification of ZrO, (Noh et al., 2003),
meaning that it doesn’t exhibit its individual characteristics,
though its presence in the material was confirmed.

The absence of ZrO, peaks in the XRD pattern of LVB-ZrO,
is in accordance with the result obtained by SEM analysis, which
did not detect ZrO, as a separate phase on the biomaterial
surface. It can be assumed that LVB-ZrO, is a unique, highly
crystalline cellulosic material, where ZrO, is bound to a biomass
in such a way that it does not exhibit its individual XDR
characteristics. This fact, as well as its absorption bands
presented in the FTIR spectrum of LVB-ZrO,, indicates that it
is probably chemically bonded to the biomaterial functional
groups in a certain way.

The point of zero charge (pHp,.) of LVB-ZrO, is 549,
meaning that at pH lower than 5.49, its surface is positively
charged and at pH higher than 5.49, it is negatively charged. The
pHp,c of LVB is 6.10, meaning that the modification made the
material a little more acidic.

Batch Biosorption Experiments. Effect of pH. LVB generally
possesses good cation removal efficiency (Miti¢-Stojanovic et al.,
2011), but its ability to adsorb the anions is poor; only 24.5% of
RB19 was removed from 50 mg/dm® solution by LVB at
equilibrium at optimal pH (results not shown). However, its
chemical modification with ZrO, resulted in the material with a
high efficiency of anionic dye RB19 removal. The pH
significantly affects the removal process (Figure 3).

At lower, acidic pH, the RB19 removal is much higher than at
neutral and alkaline pH. At pH 2 complete dye removal at
equilibrium is attained, and it decreases slightly as the pH
increases up to 5, though it still remains relatively high (98.21,
93.40 and 90.02% at pH 3, 4 and 5, respectively). At pH higher
than 5, the dye removal rapidly decreases and it falls below 9% at
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Table 1—Main characteristics of Reactive Blue 19.

Characteristic Reactive Blue 19

Chemical 0O MH,
structure SO Na
O‘O 50,CH,CH,0S0,Na
C.l. generic Reactive Blue 19
name
Synonym Remazol Brilliant Blue R
IUPAC name
Molar mass 626.50
(g mol )
Amax (nm) 592

pH 6. Further increase in pH practically does not affect the
adsorption. RB 19 has sulfonic groups (Table 1), which are
negatively charged even in highly acidic solutions (Zollinger,
2003). The biosorbent surface net charge is pH-dependent. At
pH values up to 5, it was protonated and positively charged.
Thus, RB19 was bound to a biosorbent surface via electrostatic
interactions. With the increasing medium pH, the net positive
charge of the surface decreases and the dye uptake decreases as
well. A sudden decrease of the dye uptake is observed between
pH 5 and 6. At pH 5.5, which is very close to the material pHy,,
it is approximately half of the maximal g, value, obtained at pH
2. At pH higher than pH,,. the sorbent surface becomes
negatively charged, the dye binding rapidly decreases, reaching
its minimum at pH 6, and remaining constant with further
increases in pH. The effect of pH on the sorption of RB19 on
LVB-ZrO, is similar to that reported in the literature for the
adsorption of reactive dyes by various biosorbents (Alencar,
2012; Akar et al., 2009; Aksu and Isoglu, 2006; Barka et al., 2013)
and by metal oxide modified biomaterials (Copello et al., 2011;
Mahmoodi et al., 2011). For most of those biosorbents, the dye
sorption rapidly decreases when the pH is higher than 3 to 4.
However, in the case of RB19 sorption by LVB-ZrO,, high dye
uptake at equilibrium is attained even at pH 5. That result is
somewhat similar to those obtained for the sorption of reactive
dyes by inorganic oxide modified materials (Copello et al., 2011;
Mahmoodi et al., 2011).

It can be assumed that the main binding mechanism is
electrostatic attraction between negatively charged dye mole-
cules and positively charged sorbent surface. At pH 6 and higher,
the material has adsorbed a certain amount of RB19 as well,
indicating that electrostatic attraction is not the only sorption
mechanism. Some other kind of attraction, like polar attraction
between adsorbent and adsorbate, may play a certain role in the
whole process and that attraction is the sorption driving force at
pH higher than 6. However, electrostatic attraction is the
dominant adsorption mechanism at pH lower than 5, where
complete (pH 2) or almost complete (pH 3 to 5) dye removal
was attained.

Effect of Adsorbent Dosage. At lower adsorbent dosages,
increasing biosorbent dosage resulted in a sharp increase in the
biosorption yield (Figure 4A). The increase in adsorbent dosage
from 0.5 to 1.0 g/dm? resulted in an increase of RB19 removal
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Figure 4—Effect of A) LVB-Zr0, dosage on the removal of 50.0 mg/dm® RB19 and B) initial RB19 concentration on its removal by 4.0 g/

dm® LVB-Zr0, (20=0.5 °C, pH 2.0).

efficiency from 54.7 to 87.2%, and increase in dosage from 1.0 to
2.0 g/dm? increased removal efficiency from 87.2 to 91.1% ,and
that from 2.0 to 4.0 g/dm? from 91.1 to 99.5%. A further increase
of the adsorbent dosage to 6.0 g/dm® and to 8.0 g/dm? did not
have a significant effect on dye removal, which increased by only
0.3% for both of the concentrations, so the optimal biosorbent
dosage for this process is 4.0 g/dm?>.

A rapid increase in dye removal efficiency with the increasing
adsorbent dosage occurred due to an increase in the surface area
of the biosorbent and in the number of possible binding sites for
RBI19. A further increase in biosorbent concentration over 4.0 g/
dm?® did not result in a significant increase in biosorption yield,
which probably occurred due to an overlapping or partial
aggregation of the biosorbent particles, resulting in a decrease
in effective surface area for the dye sorption. A similar effect was
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Figure 5—Effect of the initial concentration on the adsorbed
amount of RB19 onto LVB-Zr0, at equilibrium (LVB-Zr0, dosage
4.0 g/dm®, 20+0.5 °C, pH 2.0)
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reported by other authors (Akar et al.,, 2009; Barka et al., 2013;
Davila-Jimenez et al., 2009).

Effect of Initial Dye Concentration. For the initial RB19
concentration of 10 and 20 mg/dm? the removal efficiency
reached 100%, and for the 50 mg/dm? it reached 99.7% (Figure
4B). For initial concentrations of 100 and 200 mg/ dm?, removal
efficiency was still over 90%, but it sharply decreased to 59.3%
for the initial dye concentration of 400 mg/dm?, and to 18.6% for
1600 mg/dm? of the dye.

In the case of lower concentrations, the ratio of initial number of
dye anions to the available sorption sites is low and the biosorption
becomes independent of initial concentration, which enabled the
100% dye uptake. At higher concentrations, a certain amount of dye
ions are left unadsorbed in the solution due to a saturation of the
limited available binding sites in the biomass and the removal of
dye depends on the initial concentration (Aksu and Isoglu, 2006).
However, comparing ¢, values for different initial dye concentra-
tions, a gradual increase in binding with increasing initial dye
concentration is observed. The g, sharply increases for the initial
dye concentrations up to 200 mg/dm? and it does not significantly
change from 800 to 1600 mg/dm?® the highest initial dye
concentration tested, at which it reaches an adsorption capacity
of 75.12 mg RB19 per g of LVB-ZrO, (Figure 5). This implies that
the absolute adsorbed amount of RB19 onto the biomass is
enhanced upon increasing the initial concentration, i.e. higher
initial concentration of RB19 will enhance the adsorption process.

Sorption Kinetics. The kinetics of RB19 adsorption on LVB-
ZrO, can be described by the pseudo-second order model and
intraparticle diffusion kinetic model.

The pseudo-second-order equation (Ho and McKay, 1998)
based on equilibrium adsorption can be expressed as follows:

11, W
a ki qe
where &, is the pseudo-second-order reaction rate constant (g/
mgemin).

The experimental data fit well to the pseudo-second order
equation (Figure 6). The corresponding R* values are close to

unity (Table 2).
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Figure 6—Pseudo-second-order kinetics for adsorption of RB19
on 4.0 g/dm3 LVB-Zr0, at 20+-0.5 °C and pH 2.0.

The calculated g, values for RB19 were relatively close to
the experimental ¢, values suggesting that dye sorption by
LVB-ZrO, approximately follows a pseudo-second-order
reaction. The good fit to the pseudo-second-order kinetics
indicates that the adsorption mechanism depends on the
nature of adsorbate and adsorbent; the rate-limiting step is
probably a chemical process and the sorption mechanism is
based on ion exchange between positively charged surface of
biosorbent and negatively charged dye molecules. The
corresponding rate constants decrease with an increase in
initial dye concentration, which is attributed to the lower
competition for the sorption surface sites at lower concentra-
tions; at higher concentrations, the competition for the surface
active sites is high, thus the corresponding sorption rates are
lower (Chen et al., 2010).

The possibility of intra-particle diffusion was explored by
using the intra-particle diffusion kinetics model (Weber Jr. and
Morris, 1964), which can be represented by the equation:

g = Kat'* + C (6)

where C is the intercept, and Kiq is the intraparticle diffusion rate

constant (mg/gemin'/?) determined from a plot g, versus /%

Relatively high corresponding R* values (Table 2) obtained
from experimental data for this model, imply that the intra-
particle diffusion had been significant. The two linear sections
with different slopes (Figure 7) indicate that the adsorption
process exhibits two stages: the first linear part is attributed to
intraparticle diffusion through macropores and the second
stage to diffusion through micropores, followed by the
establishment of equilibrium. It was revealed by the SEM
(Figures 1A and 1B) that LVB and LVB-ZrO, biosorbent have
the large pores and channels of more than 10 pum in their
structure, and smaller pores of about 1 um or less are also seen
in places. A good agreement with the intraparticle diffusion
kinetics model indicates that the diffusion through micropores
plays an important role in the sorption process as well.

R* values obtained for the two applied kinetics models
indicate that the intraparticle diffusion is not the only rate-
limiting step, but also other kinetic models may control the rate
of adsorption, all of which may be operating simultaneously. The
higher R? values obtained for the pseudo-second-order model
indicate that the chemical process, ie. ion exchange is the
predominant rate controlling process for the adsorption of RB19
on LVB-ZrO,.

Adsorption Isotherm. The adsorption of RB19 onto LVB-
ZrO, biosorbent follows the Langmuir isotherm model (Lang-
muir 1918). The Langmuir parameters are determined from a
linearized form of the Langmuir equation:

Ce 1 n 1

qe B KLqmax Jmax

Ce (7)

where C, is the equilibrium dye concentration in the solution
(mg/de), qe is the amount of dye adsorbed onto the unit
adsorbent mass (mg/g), gmax IS the Langmuir equilibrium
constant related to maximum adsorption capacity and K, is
the Langmuir constant which is related to the adsorption
enthalpy (dm®/mg). The Langmuir isotherm model makes it
possible to predict if an adsorption system is favorable or
unfavorable by calculating R;, a dimensionless constant referred
to as the equilibrium parameter using the following equation:

1

Ri=—
L 1+ K.Cy

(8)

The fitting of the data to the Langmuir isotherm (Figure 8)
shows that the biosorption of RB19 onto LVB-ZrO, follows the
Langmuir model. This implies that the uptake of RB19 anions

Table 2—A comparison of pseudo-second order and intraparticle diffusion kinetic models rate constants and calculated equilibrium
from experimental data. (Definitions of the parameters listed are given in the main text).

Concentration of initial RB 19 solution (mg/dm?)

Parameter 10 20 50 200 400 800 1600

@® 2.475 4.975 12.45 24.2501 44.9950 59.4751 68.5002 75.1200

Pseudo-second order

ko (9/mg-min) 0.1451 0.0773 0.0152 0.0032 0.0012 0.0011 0.0010 0.0010

g 2.5081 5.0620 12.8172 25.3678 48.2481 63.0915 72.7272 70.4225
0.9997 0.9999 0.9997 0.9987 0.9964 0.9956 0.9969 0.9932

Intraparticle diffusion model

ki 0.5554 1.0620 1.7021 2.7993 4.322 5.0042 7.0487 7.4848

Gy 0.0006 0.2977 1.4840 0.7274 1.858 7.0098 3.5578 9.4066

R? 0.9864 0.9520 0.9347 0.98034 0.9917 0.9627 0.972627 0.8846
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Figure 7—Intraparticle diffusion plot for the adsorption of RB19 on LVB-Zr0, for initial dye concentration: A) 10.0-100.0 mg/dm?® and B)

200.0-1600.0 mg/dm?® (4.0 g/dm® LVB-Zr0,, 20+0.5 °C, pH 2.0).

occurs on a homogeneous surface by monolayer adsorption
without interaction between adsorbed anions, which further
implies thet all the adsorption active sites are energetically
equivalent and the surface is uniform. The equilibrium is
established when a monolayer is formed at the adsorbent. The
absence of interactions between adsorbed anions indicates that
the chemical mechanism of sorption prevails and it is probably
ion exchange, which is in accordance with the results obtained
from the kinetics studies, as well as with those obtained by the
study of the pH effect on the examined adsorption process. The
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Langmuir constant (R;) values are between 0.3871 (for the
lowest initial dye concentration) and 0.0039 (for the highest
initial dye concentration), meaning that the adsorption process
is favorable and the calculated g, value is 74.8503 mg/g (Table
3), which is close to the experimentally obtained gn.x value
(75.12 mg/g).

Conclusion

The new material, LVB-ZrO, was synthesized by chemically
modifying Lagenaria vulgaris shell biosorbent with ZrO, in
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Figure 8—Langmuir isotherm model plot for the adsorption of
RB19 on LVB-Zr0, (initial dye concentration 10.0-1600 mg/dm?®,
4.0 g/dm® at 200.5 °C, pH 2.0).

order to improve RB19 removal ability of untreated bioma-
terial from aqueous medium. Modification of the biosorbent
was confirmed by FTIR spectrum analysis. The content of
ZrO, in LVB-ZrO, sorbent is 3.7%. SEM micrographs showed
that the chemical modification did not change the biomaterial
morphological structure. No separate ZrO, phase was
detected in LVB-ZrO, XRD pattern, further indicating the
chemical bond between ZrO, and the biomaterial functional
groups. LVB-ZrO, showed significant sorption improvement
compared with LVB. The adsorption system follows pseudo-
second-order Kkinetics, indicating that chemisorption is the
rate-limiting step that controls the adsorption. The adsorption
process can also be well described by the two-stage intra-
particle diffusion model, indicating that both a chemical and
diffusion processes are involved in the biosorption of RB19
onto LVB-ZrO,. The initial pH strongly affects the sorption of
RB19 onto LVB-ZrO,. Its point of zero charge is 5.49.
Complete dye removal is attained at pH 2, which is an optimal
pH for the process; as the pH increases up to 5, dye removal
slightly decreases, but it still remains over 90% at pH 5; at pH
higher than 5, dye removal rapidly decreases, reaching its
minimum at pH 6, and remaining constant at pH higher than
6, indicating that the adsorption mechanism is ionic exchange
between positively charged sorbent surface and negatively
charged dye ions. The extent RB19 removal is directly related
to the concentration of LVB-ZrO, in the suspension, with an
optimal biosorbent dose of 4.0 g/dm®. The Langmuir isotherm
model showed the best fit to experimental data in describing
the adsorption of RB19 on biosorbent. The maximum
adsorption capacity is 75.12 mg RB19 per g of LVB-ZrO,. In
addition to the high removal efficiency, LVB-ZrO, possesses
other benefits, like mechanical stability, ease of synthesis,
cost-effectiveness, biocompatibility and environmental-friend-
liness, which all makes it a promising material for the removal
of anionic pollutants from wastewaters.
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Table 3—Langmuir parameters for the adsorption isotherm of
RB19 by LVB-Zr0, biosorbent.

Constant Value

(max (Mg ") 74.8503
K (dm~mg™") 0.1583
R? 0.9978
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