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ABSTRACT. This study investigated the removal of Crystal Violet (CV) from
aqueous solutions using HsPOs-modified mango seeds kernel (H3POs-MSK).
The adsorbent was characterized using elemental analysis, thermal analysis
(TGA), scanning electron microscopy (SEM), specific surface area and pore
size distribution (BET) and Fourier Transformed Infrared Analysis (FTIR). X-
ray diffraction (XRD) analysis showed that HsPOs-MSK is a type Il cellulose
crystal structure, while SEM and BET analysis confirmed the macroporosity of
the adsorbent. The removal efficiency of CV increased with an increase in
adsorbent quantity and temperature. The adsorption capacities increased from
23.94 to 87.23 mg/g for an increase in temperature from 30 to 50°C.
Adsorption kinetics analysis indicated that pseudo-second-order and Elovich
equations fitted very well the adsorption of CV onto H3POs4+-MSK. The
adsorption process followed the Temkin and Langmuir isotherm models.
Isotherm modelling showed that CV is loosely bound to HsPO4-MSK. Further
thermodynamic analysis revealed that the removal of CV from aqueous
solution by H3PO4+-MSK was a spontaneous and endothermic process. The
proposed adsorption mechanism involves -OH, -NH2 and -COOH groups from
the HsPO4+-MSK surface.
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INTRODUCTION

Contamination of water is a worldwide environmental concern. This
contamination is generated by urbanization, agriculture and industries, and
particularly, in case of dyes, textile industries [1]. Textile industry is one of
the main industries in Cameroon. This industry produces a large amount of
wastewater which contain high amount of coloring dyes. Many methods
have been developed to remove organic and inorganic pollutants from
water. They include coagulation-flocculation [2,3], chemical oxidation [4-6],
adsorption [7-9], etc. Among these methods, adsorption is considered to be
easy to use, low cost and with high efficiency in wastewater treatment [7,8].

Many adsorbents have been used for the removal of undesirable
substances from aqueous solution [10-13]. Among these adsorbents,
activated carbon is found to be the most efficient. However, the high cost of
production and of regeneration of activated carbon limits its use as adsorbent
and encourage its substitution by low cost materials. Recent studies have
demonstrated that a wide variety of low cost adsorbents, such as agricultural
residues, can be employed, with minimum treatment, as biosorbents for the
removal of organic and inorganic pollutants from wastewaters [14-16]. The
implication of untreated fruit and vegetable wastes as adsorbents tends to
generate several problems such as low adsorption, high Chemical Oxygen
Demand (COD) and Biochemical Oxygen Demand (BOD) as well as total
organic carbon due to release of soluble organic compounds from the plant
materials, which eventually leads to depletion of oxygen content in water and
threaten aquatic life. Therefore, plant wastes need to be modified or treated
prior to their use in water purification. Chemical modifications involve
treatment of the adsorbents with an array of chemicals for the elimination of
undesired substances, enhancement of binding groups, elimination of
inhibiting groups and graft copolymerization [17].

A recent study indicated that mango leaves, pits, seeds and husks
are potential adsorbents for the removal of dyes from aqueous solutions
[18-22]. Cameroon is an important producer of mango (Mangifera Indica) in
Central Africa Region [23, 24] and the waste residues of this fruit are
abundant. These residues can be used with minimum treatment as adsorbent
for textile dye removal from aqueous solution. The purpose of this work was
to study the physico-chemical characteristics of H3zPOs-modified mango
seeds kernel (Kent specie), HsPO4-MSK, and their use for the removal of
Crystal Violet (CV) from aqueous solution.
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2. RESULTS AND DISCUSSION

Physico-chemical characterization of H;PO4-MSK

Elemental analysis. Carbon, hydrogen nitrogen and oxygen content
of the H3PO4-MSK were determined to be as follows C: 56.03%, H: 5.21%,
N: 2,53% and O: 36.23%. These values are similar to those usually found
in lignocellulosic materials [18,25,26].

Thermal analysis. The TG curve for H3PO4-MSK showed three
distinct patterns of weight loss (Fig. 1). In the temperature range of 25 to 160°C
there is a gradual weight loss, in the range of 160 to 900°C there is a steep
weight loss and a continuous decrease of weight is observed at temperature
higher than 900°C. Associated numerical values of these weight losses are
presented in Table 1. DTG curve showed two main endothermic peaks. The
first peak between 25 and 160°C corresponds to the H3PO4-MSK powder
dehydration. The second peak between 160°C and 900°C with a maximum at
372°C is an overlapping peak with two shoulders observed at 240°C and 320°C.
Many phenomena are associated to this second peak. These phenomena could
be evaporation of water condensed in the pores, evaporation of volatile organic
compounds, dehydroxylation and degradation of HsPO4-MSK powder. The peak
at 372°C could be associated with the degradation of cellulose, while those
appearing at 240 and 320°C could be associated to the degradation of
starch and lignin respectively [18,20].

Mass (mg)
N

00

o

0 400 800 1200

Temperature (°C)

Figure 1. TG and DTG graphs of H3PO4-MSK.
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Table 1. Thermogravimetic and derivative analysis (TG and DTG) of HsPO4-MSK.

Total mass Partial mass

Amount loss Temperatyre interval loss Tomax
(mg) o (c) o (C)
25-160 5.2 67
18.91 71.4 160 - 900 60.3 372
900 - 1200 5.9 Continuous

Structural analysis. SEM micrographs of HsPO4-MSK are presented in
Fig 2. Images showed a lamellate structure (Fig 2a) and a heterogeneous
surface of the HsPO4-MSK sample (Fig 2b).

Fa-wr S
mag B| WD |[spot] HV |SEM Mode | det —20 ym —— 8 mag B| WD |spot| HV |SEM Mode| det 10 pm
(a ) *14000x|5.7mm| 1.0 [30.0kV| Standard |ETD Quanta 3D FEG (b)

2000x!5.7mm| 1.0 |30.0kV| Standard |ETD Quanta 3D FEG

Figure 2. SEM micrographs of HsPO4-MSK.

Morpho-structural properties of HsPO+MSK. The specific volume
and specific surface area values of Hs3PO4-MSK are 10.24 cm?/g and the BET
surface 44.57 m?/g, respectively.

XRD analysis. The XRD studies showed that the apparently amorphous
material presents a crystalline structure even if it does not present properties
like angle and crystal face usually associated to the crystal structure [27]. The
diffraction patterns of H:POs-MSK exhibited a mixture of polymorphs | and
cellulose I, with a remarkable predominance of type Il cellulose (Fig. 3). The
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presence of type Il cellulose is reflected by peaks at 20 =19.40° (plane 100)
and 21.57° (plane 002) [28]. Reticular distances were 4.57 and 4.11 A,
respectively. The presence of type Il cellulose in this work is associated with the
regeneration of cellulose after hydrolysis.
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Figure 3. XRD diffractogram of HsPOs-MSK.

Surface chemistry. The FTIR spectral analysis is important to identify
the different functional groups of the adsorbent surface. Peaks appearing in
the FTIR spectrum of MSK (Fig. 4a) and HiPOs-MSK (Fig. 4a) were
assigned to various chemical groups and bonds in accordance with their
respective wavenumber as reported in the literature. The FTIR spectral of
MSK and H3PO4+-MSK are very similar. However, at low wavelengths (<1800
cm) the spectra of MSK, have its peaks more intense than those of H3PO4-
MSK ones. This difference can be attributed to the presence of hydrogen
bonds among substances present in the crude mango seeds kernel. H;PO4
treatment of mango seeds leads to the removal of some fatty acids
compounds and to the rupture of some H-bonds. The region at high
wavelengths, between 3000 cm* and 3400 cm™ showed a broad and strong
band stretch, indicative of the presence of —NHz groups and free or hydrogen
bonded O—H groups [29]. The narrow peaks at 2920.61 cm™' and 2851.54
cm~'showed the asymmetric C—H bond of methyl and methylene groups [30]
and N—H vibration, respectively. The peak at 1772.19 cm™ can be attributed
to unionized C-O stretching of the carboxylic acid. The peak at 1650.97 cm™
was attributed to COO-, C=0 and C—-N peptidic bond of proteins [31]. The
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peak at 1455.12 cm™', was correlated with the symmetric bending of CH; [32].
The bands at 1211.16 cm™ might be attributed to phosphonate (P-OH) group
stretching [33,34]. The bands appearing between 950 and 1200 cm™' might
be attributed to C-O group stretching [32]. We noticed that peaks at 1211.16,
1772.29, 285.54 and 2920.61 cm™ are strong for H3POs-MSK. It can be
thereby noted that the IR spectrum of the powdered MSK and H3PO4-MSK
supported the presence of O-H, COOH, C = O, C-N, C-H, C-O, —NHz and
P—OH as functional groups. The diversity of functional groups indicated the
presence of cellulose, lignin, starch and proteins [30].
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Figure 4. FTIR spectra of (a) crude MSK and (b) HsPO4s-MSK.

Point of zero charge and pH influence. The pH where, the sum of
charges at the surface of an adsorbent are equal to zero, is generally known
as the point of zero charge (pHezc). The pHpzc of HsPO4s-MSK is 5.4 as
presented in the Fig. 5. At pH > pHpzc the adsorbent is negatively charged
and the adsorbed species are positively charged. Such a situation improves
the electrostatic attraction between the adsorbate and the negatively charged
surface of the adsorbent. At pH < pHpzc the surface of the adsorbent is
positively charged.

Data presented in the Fig. 6 show the influence of the pH on the CV
adsorption onto HzPO4+-MSK. The adsorbed amount presents two major
domains. When the pH is between 3 and 8 the adsorbed amount increased,
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while when the pH is higher than 8 the adsorbed amount decreased. The
increase of the amount adsorbed with the pH indicates a weak electrostatic
attraction during the adsorption process. If the electrostatic attraction was
strong, we would have had an interruption of the evolution of the amount
adsorbed at pH 5.4 which is the point of zero charge. This situation is
unfavorable for electrostatic attraction. This increase of the adsorbed amount
suggests that the adsorption could also involve surface complexation.

The formed complex might be instable at pH greater than 8, which
leads to the decrease oh the adsorbed amount [36].

Figure 5. HsPO4s-MSK point of zero charge.

q (mg/g)

pH

Figure 6. Effect of the pH on the CV adsorption on H3POs+-MSK.
(50 mg/L, 25°C, 0.1g, 240 min)
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Kinetic studies

Effect of adsorbent quantity. The adsorption of CV is relatively fast in
the first 50-100 min, then the adsorption rate decreases and progresses
much slower thereafter towards the equilibrium (240 min), irrespective to the
adsorbent quantity, (Fig. 7). The amount of CV adsorbed per gram of
adsorbent, decreases as the adsorbent quantity increases (Fig 7a). This
shows that surface diffusion became rate-determining step due to particle
agglomeration, which leads to difficult access to the adsorption sites. The
relative amount of CV adsorbed at equilibrium is 78, 85 and 93% for 0.1, 0.2
and 0.3 g of adsorbent, respectively (Fig 7b). This indicates that a better
efficiency will be obtained if CV solution would be treated successively with
0.1 g of adsorbent than one step treatment with 0.3 g of adsorbent.

30 ~
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Figure 7. Adsorption kinetics of CV onto H3POs-MSK (a) adsorbed amount and

(b) relative amount adsorbed, for different adsorbent quantities, ¢0.1 g, 0.2 g

and A0.3 g (50 mg/L, 25°C, pH 6).
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Kinetic modeling. In order to analyze the adsorption kinetics of CV,
the pseudo-first- and pseudo-second-order and simple Elovich models were
applied to the experimental data.

The pseudo-first-order rate equation or Lagergren equation is
derived on the assumption of one step reaction [37] and is expressed as:

In(ge —q;) =Inqg, — kit (3)

where, e is the amount of dye adsorbed at equilibrium (mg/g), q: is the
amount of dye adsorbed at time t (mg/g), ki is the pseudo-first-order
reaction rate constant (1/min).

Pseudo-second-order equation based on two step reaction is
usually expressed in the form [38,39]:

1ot (4)
Qs kZQe2 Qe
where, kz is the pseudo-second-order reaction rate equilibrium constant
(g/mg-min).
The simple Elovich model may be expressed in the form:
g, = A +Bint (5)

where, A and B (mg/g-min) are Elovich constants, related to the initial
adsorption rate and to the number of available site for adsorption. B is
related to the extent of surface coverage and activation energy for
chemisorption.

Based on the fact that pseudo-second-order equation is derived on
the assumption of a two-step reaction, we concluded that CV adsorption
takes place as a two-step reaction scheme. The pseudo-second-order
model is build based on the assumption that the rate-controlling step is
chemical adsorption involving valence force by sharing or exchange of
electrons between adsorbent and adsorbate [40]. Therefore, a satisfactory
fitness of this model suggested that chemisorption was the rate-controlling
step [41]. A and B parameters derived from Elovich equation are used to
estimate the reaction rates. It was suggested that an increase in A value
and/or decrease in B value would increase the rate of the adsorption
process. The obtained R? values for H3PO4-MSK for all the dosage were
high, suggesting that Elovich model describes this adsorption system.

The estimated model and the related statistic parameters for CV
adsorption onto H3PO4-MSK are presented in Table 2. Based on linear
regression analysis, correlation coefficient (R?) values, we concluded that
the kinetics of CV onto the considered adsorbent is well described by
pseudo-second-order and Elovich models. The amount of adsorbed CV
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determined from the two mentioned equations fitted very well with the
experimental values (Table 2).
The negative value of k4 indicated that the pseudo-first-order model
cannot be applied to describe the adsorption of CV on H3PO4-MSK.
Intra-particle diffusion. The common diffusion model usually designated
as intra particle model is expressed as [42]:

q; = kintt1/2 +D (6)

where, kit is the intra-particle diffusion rate constant (mg/L-min'?) and D
the constant. The fitting of the experimental data with this model was
checked using so-called Weber and Morris plot of g versus t"2. According
to intra-particle diffusion model, a plot of uptake, q versus the square root of
time, t2, should be linear if intra-particle diffusion is involved in the
adsorption system and if this line passes through the origin, then intra-
particle diffusion is the rate controlling step [43]. In this study, the relative
plot of g and t"2 obtained for Crystal Violet dye adsorption on H;POs-MSK
did not go through the origin. Also it was indicative of some degree of
boundary layer control and this further indicated that the intra-particle
diffusion was not the only rate controlling step; other mechanisms were
simultaneously operating during the adsorption of CV on HsPO4-MSK.

5 T T T 1
5 10 15 20 25

t12 (h1/2)

Figure 8. Intra-particle diffusion model for CV adsorption onto H3PO4-MSK, for
different adsorbent quantities, 0.1 g, m0.2 gand A0.3 g
(50 mg/L, 25°C, pH 6).
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Table 2. Kinetic parameters for the adsorption of CV onto HsPO4-MSK
(50 mg/L, 25°C, pH 6); gexp and qgca are the experimental and calculated amount of
CV adsorbed per gram of adsorbent

Kinetic Parameters Experiment
models 01g 0.2¢g 03g
Qexp (MQ/Q) 22,80 13,40 9,80
Pseudo-first- k1 %102 (1/min) -0.15 -0.07 -0.06
order ge (Mg/g) 38.53 25.39 15.50
Jeal (Mg/g) 22.61 11.17 7.22
R? 0.9748 0.8744 0.8633
k2 x1072 (min'g/mg) 0.70 1.70 3.00
Pseudo- Qe (mg/g) 0.52 0.53 0.57
second-order qca(mg/g) 23.16 13.47 9.87
R? 0.9956 0.9987 0.9960
A -21.92 -4.10 1.01
Elovich B 8.17 3.17 1.59
geal (Mg/g) 22.87 13.25 9.73
R? 0.99 0.99 0.99
Kint (1/min) 1.23 0.47 0.23
Intra-particle D 3.14 5.75 5.98
diffusion  gca (Mmg/g) 22.21 12.98 9.6
R? 0.9955 0.9782 0.9776

Equilibrium studies

Isotherm modeling. Adsorption isotherms modeling are prerequisites
to understand the nature of the interaction between adsorbate and the
adsorbent. In order to successfully represent the equilibrium adsorption
behavior, it is important to have a satisfactory description of the equation
state between the two phases of the adsorption system. Three well known
phenomenological equations were tested to fit the experimental data,
namely Langmuir, Freundlich and Temkin equations [42,44]. They are
expressed as follows:

1 1 1 1
Langmuir equation: — = et (7)
qe qmaxKL Ce qmax
1
Freundlich equation: Ing, =InK: +Hln C. (8)
Temkin equation: q, =BInA+BInC, 9)
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where ge, gmax and Ce, are, the amount adsorbed at equilibrium (mg/g), the
amount adsorbed at the monolayer (mg/g) and the equilibrium concentration
of CV (mg/L), respectively. K is the Langmuir adsorption equilibrium constant
(L/mg), Kr is the Freundlich constant related to the adsorption capacity
(mg="m L'/g) and n is the Freundlich constant related to the adsorption
energy. B is Temkin constant related to adsorption energy (J/mol) and A is the
Temkin constant (L/mg).

Considering the correlation coefficient (R?) values, Table 3, the following
series was obtained for CV adsorption onto H3PO4-MSK: Langmuir > Temkin >
Freundlich. The adsorption of CV on H3PO.-MSK is favorable as n takes value in
the range of 1 to 10. However, the small value of B indicates that CV is loosely
bond to H3PO4-MSK, therefore the adsorption is physical in nature. The essential
characteristic of Langmuir isotherm can be expressed in terms of dimensionless
separation factor of equilibrium parameter, R, defined by the equation [44]:

1

R =—— — 10
LT 14K .G, (10)

where, Co is the highest dye concentration in solution (mg/L). The values of
R. indicates the type of isotherm to be irreversible (R.=0), favorable
(O<R.<1), linear (R.=1) or unfavorable (R.>1). The calculated value of R, for
the highest concentration of 300 mg/L obtained for H;PO4-MSK indicates
(Table 3) that is a suitable adsorbent for CV removal from aqueous solutions.

Table 3. Isotherms parameter values for the adsorption of CV onto
HsPO4-MSK (50-300 mg/L, 0.1 g, pH 6).

Isotherm models Constants Values

KL (L/mg) 0.38
: Qmax (mg/g) 112.44
Langmuir R 0.0087
R? 0.9907

Kr (mg="nL'/q) 34.48

Freundlich n 2.40
R? 0.9474

A (L/mg) 34.93

Temkin B (J/mol) 21.72
R? 0.9849

Fig. 9 shows the plot of the amounts of CV adsorbed versus
equilibrium dye concentrations. The amount of dye adsorbed increased
from 23.94 to 87.25 mg/g for an increase in initial dye concentration from
50-300 mg/L, whereas the percent dye removal decreases from 79 to 33%
for an increase in initial dye concentration from 50-300 mg/L. The adsorption
isotherm has the L form considering Giles classification [45].
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Figure 9. Isotherms of CV adsorption onto HsPO4-MSK
(#Experimental values, oLangmuir, A Freundlich; xTemkin).

Thermodynamics

Effect of temperature. Experiments were performed at different
temperatures 30, 40 and 50°C for the initial concentration of 50 mg/L. The
CV adsorbed amount (mg/L) increases as temperature increases (Fig. 10).
The results showed that the adsorption was endothermic in nature. Since
adsorbent is porous and CV diffusion in pores plays an important role in the
adsorption process, increase in the adsorption with the rise of temperature may
be diffusion controlled, which is an endothermic process, i.e. the rise of
temperatures favors the CV transport within the pores of the adsorbent. The
increased adsorption with the rise of temperature is also due to the increase in
the number of the adsorption sites generated because of the breaking of some
internal bonds near the edge of the active surface sites of the adsorbent [46,47].

Thermodynamic parameters. Standard thermodynamic parameters
such as change in free energy (AG®), enthalpy (AH®) and entropy (AS°)
were calculated using the following equations:

C
AG’ = -RTInK, (12)
AH"  AS°
InK_ =2, 29
¢ RT R (13)
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where, K; is the equilibrium constant, C, and C. are the equilibrium
concentration (mg/L) of CV on the adsorbent and in solution, respectively, T
is the temperature (K) and R is the universal gas constant (kJ/K-mol). AH® and
AS° were obtained from the slope and the intercept of van’t Hoff plot of InK.
versus 1/T and values are presented in Table 4. The negative free energy
values indicate that the adsorption process is spontaneous. It was also noted
a decrease in the free energy values with an increase in temperature
corresponding to an increase of the adsorbed CV amount. The positive
values of the enthalpy further confirm the endothermic nature of the process
whereas the positive values of entropy reflect good affinity of the dye towards
HsPO4-MSK [48,49]. When the CV is adsorbed on the surface of the
adsorbent, water molecules previously bonded to the dye cation are released
and dispersed in the solution, which leads to the increase of the entropy [50].

40
35 A
. ./0/’
&0 25 1
g 20 -
=15 - ./l/'
104 A— — A — —A
5_
300 310 320 330

T (K)

Figure 10: Effect of temperature on the adsorption of CV onto HsPO4-MSK at
25°C, 50mg/L, time 240 min, pH 6 (0.1g, m0.2g and A 0.3g).

Table 4. Thermodynamic parameters for CV adsorption onto HsPO4-MSK.

Samples R2 Temperature AG° AH° AS°

(K) (kJ/mol) (J/mol) (J/mol-K)
303 -4.19

01g 0.96 313 -6.79 142.86 482.95
323 -13.94
303 -3.07

029 0.98 313 -6.88 170.06 569.41
323 -14.55
303 -3.20

0.3g 0.98 313 -7.55 185.29 622.28
323 -14.34
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Adsorption mechanism

The binding mechanisms of dyes by adsorption could be explained
by the physical and chemical interactions between cell wall ligands and
adsorbates by ion exchange, complexation, coordination and micro-
precipitation. The diffusion of the dye from the bulk solution to active sites
of the adsorbents occurs predominantly by passive transport mechanisms,
while various functional groups such as carboxyl, hydroxyl, amino and
phosphate existing on the cell wall can bind the dye molecules. The
adsorption dynamics can be described by the following three consecutive
steps, which are as follows [22]: transport of the dye molecules from bulk
solution through the liquid film to the adsorbent exterior surface, migration
on the adsorbent surface and diffusion into the pore of the adsorbent, and
adsorption on the interior pores surfaces of the adsorbent.

The last step is considered to be an equilibrium reaction. Out of
three steps, the third step is assumed to be rapid. Therefore, the adsorption
of CV onto H3PO4MSK is probably controlled by a two-step reaction
scheme. The adsorption of CV onto H3PO4-MSK was proposed to take
place according to the following chemical mechanism:

H;P0,-MSK-OH + CV" H3PO,-MSK-O-CV + H'

/H + /H
H3PO4-MSK-N\ +CV H3PO4-MSK-N\CV +H
H

+

+

0
HsPO,MSK-CZ  +CV'
OH

0
HPO,MSK-CZ +H
0-CV

CONCLUSION

The ability of HsPO4-MSK to retain dyes with high molecular weight
was investigated for CV dye using kinetic, equilibrium and thermodynamic
models. The kinetics of CV onto H3PO4-MSK was studied using the pseudo-
first-order, pseudo-second-order and Elovich kinetic models. The results
indicated that the pseudo-second-order and Elovich models provided the
best correlation with the experimental data. Then, CV adsorption rate is
governed by two-step reaction scheme. The adsorption process followed well
Temkin and Langmuir models. Calculated thermodynamic parameters
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indicated that the adsorption in this system was a spontaneous and endothermic
process. These results suggest that HsPO4-MSK is a potential low-cost adsorbent
for dye removal from industrial wastewaters.

EXPERIMENTAL
Material

Mango seeds kernel (MSK) used as adsorbent in this study was
collected from Ngaoundere a city, in the Adamawa Region, Cameroon.
MSK was treated by concentrated phosphoric acid (Hz:POs), then washed
with deionized water and dried at 110°C for 24 h. The dried HsPOs;-MSK
was grounded to fine powder and sieved to a particle size < 50um.

Crystal Violet (CV) dye was of commercial grade (Mg: CasH30N3Cl,
Mw: 408, Amax: 586 nm) and it was used without further purification (Fig. 11).
Stock solution was prepared by dissolving 1g of the CV powder in 1000 mL
distilled water. For adsorption experiments this solution was diluted to the
desired initial concentrations ranging from 50-300 mg/L. The initial solution
pH was adjusted to the desired value by adding drop wise HCI, 0.1M or
NaOH, 0.1M solutions.

\N/

J .
T
\l\IJ \T+/

Figure 11. Structural formula of Crystal Violet.
Adsorbent characterization

Elemental analysis (C, H, N, S) was performed using a CHN
CARLO ERBA EA 1108 Elemental Analyzer. The oxygen percentage was
estimated by difference.

The thermal behavior of the H3PO4-MSK sample was studied using a
TGA/SDTA 851, 1600°C Mettler-Toledo analyzer. Experimental conditions were
as follows: initial mass of the sample was 18.91 mg, initial temperature 25°C, final
temperature 800°C, heating rate of 10°C/min and nitrogen flow of 50 mL/min. The
DTG and TG curves were obtained by calculating the derivative simultaneously.
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The X-ray diffraction (XRD) was used to determine the crystalline
structure of the HiPO4s-MSK sample. The X-ray diffractograms were
obtained at room temperature within a 20 ranging from 5 to 40 and a scan
rate of 1°/min. The equipment used was a Bruker Advance D8 diffractometer,
operating at a power of 40 kV with a current of 30 mA and Cu Ko radiation
(1.5406 A). Before performing the analysis the sample was dried at 50°C
for 12 h in an air-circulating oven.

The surface structure of HsPO4-MSK was analyzed using Scanning
Electron Microscopy (SEM Quanta 2000 - Philips) at an electron acceleration
voltage of 25 kV. Prior to scanning, the unloaded and dye-loaded H3POg-
MSK sample was mounted on a stainless steel stab with double stick tape
and coated with a thin layer of gold in a high vacuum condition.

Infrared spectra were recorded using a Nicolet Magna FT-IR-750
spectrometer thoroughly mixing MSK and H3PO4-MSK with KBr matrix.

Specific surface area and pore specific volume for the HzPOs,-MSK
were determined by the Brunauer-Emmett-Teller (BET) method using
a Sorptomatic ADP-nitrogen adsorption analyzer (Thermo Electron-Corp.).
Prior to N2 adsorption, samples were out gazed for 20 h at 105°C.

The pH of the point of zero charge (pHpzc) corresponds to the pH
were the sum of all the electrical charges at the surface of the adsorbent
are equal to zero. pHy,c determination method consist in the preparation of
a solution of desired pH in the 2-11 range. HCI 0,01M solution was
dropwise to a 50 mL NaCl 0,01M solution until de pH value was reached.
0,05 g of adsorbent were then added to the prepared solution. The mixture
is then stirred at 50 rpm for 24 h. The pH of the solution is noted and the
graph of the pH versus the variation of the pH is drawn. The value at the
intersection of the obtained curve with the x-axis gives the pHp. of the
adsorbent [51].

Batch adsorption experiments

A predetermined amount of HsPO4-MSK was added into 100 mL
conical flasks filled with 25 mL of CV solution of known concentration. The
flasks were then placed in a shaking water bath (50 cycles/min) at room
temperature for 24 hours. The samples were then withdrawn at
predetermined time interval and the residual concentration of CV was
determined by UV-Visible spectroscopy. The absorbance was measure at
586 nm with 1 cm optical path length quartz cell. TG Instrument T-70 UV-
Vis spectrophotometer was used for this purpose. The concentration of CV
was determined from the calibration curve.
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The adsorbed amount of CV per gram of adsorbent (g, in mg/g) and
the relative amount adsorbed (P, in %) were expressed as:

qz(CO_Cf)'¥ (1)

_Go-C

0

P -100 (2)

where, C, is the initial concentration of CV (mg/L), C¢ is the final
concentration of CV (mg/L), V is the volume of the solution (L) and m the
amount of adsorbent (g).

Statistical analysis

In order to ensure the accuracy and reliability, all experiments were
performed in triplicate, and the mean values were used in data analysis.
Relative standard deviations were found to be within £3%. Microsoft Office
Excel program was employed for data processing. Linear regression
analysis was employed to fit experimental data with theoretical models.
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