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This manuscript combines both the advantages of the high surface
area of nanoparticles and the strong high affinity of Fe(l1l) for reacting with
calmagite dye. So, a novel, simple, benign and eco-friendly nanoparticles
adsorbent of mango seed kernel-impregnated Fe(III) (NPs-MSK-Fe) was
developed. It was characterized by Fourier transform infrared spectroscopy,
transition and scanning electron microscopy and X-ray diffraction. The
adsorption characteristics were examined using effective parameters
including the effect of pH, equilibrium time, adsorbent amount and dye
concentration. The adsorption percent of calmagite using NPs-MSK-Fe was

found to be 98.86 % at pH = 2.0. Regeneration of the NPs-MSK-Fe was
achieved in acidic ethanol solutions to recover both the adsorbent and the
desorbed dye. The regenerated adsorbent can be reused for calmagite
removal and the adsorption percent is still 98.86 % after reused for three
times. Finally, the new adsorbent was used successfully for the removal of
calmagite dye from different environmental water samples.
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INTRODUCTION

Calmagite dye is one of synthetic azo-dyes which widely used in textile industries, cosmetic, paper, drug
and food processing industries in largest quantities (Pinheiro et al., 2004). Its effluent is hard to treat, high in volume
and made of harmful organic and inorganic chemicals that exhibit toxic and carcinogenic effects toward biological
systems (Kroschwitz and Howe-Grant, 1993). Therefore, the presence of this synthetic dye in water causes
considerable environmental pollution. Different processing technologies including solid phase extraction (SPE)
being used for adsorption and removal of dye contribute in water pollution. It offers high efficiency, cost
effectiveness and easy handling among the majority of physiochemical treatment methods (Luo et al., 2011).
Recently, cheaper and effective adsorbents can be formed from numerous natural materials or certain waste
materials from industrial and agricultural activities. The agricultural waste materials are economic and environment
friendly due to their chemical composition, their availability, renewable nature and low cost which viable option for
water and wastewater treatment. The basic components of these waste materials include hemicellulose, lignin, lipids,
proteins, simple sugars, water, hydrocarbons, starch, and contain variety of functional groups (Bhatnagar and
Sillanpad, 2010). These agricultural waste materials have been used in their natural form or after some physical or
chemical modification with organic functional groups to increase their efficiency for removal of pollutants (Yu et al.
2009; Singh and Srivastava, 1999). Various numbers of these wastes have been developed as adsorbents for removal
of dyes, like sugar cane bagasse ash (Kanawade et al., 2010), sawdust (Hamdaoui, 2006), fly ash (Bello et al., 2013),
tea waste (Madrakianet. Al, 2012) and apricot stones (Demirbas et al., 2008). Among these agricultural waste
materials, mango seed kernel was of little use as adsorbent for removal of pollutants from water (Kumara
andKumaranb, 2005;Elizalde-Gonzalez and Hernandez-Montoya, 2007). It is rich in functional groups that have a
high metal binding capability. This kernel contains the most of the essential amino acids such as leucine and valine
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(Diaz and Coto, 1983) and is a rich source of gallic acid (Soong and Barlow, 2006) that can be complexed with
Fe(l11) (Fazary et al., 2009). On the other hand, to increase the efficiency of adsorbent recent researches have turned
to the use of nanoparticles due to their large specific surface area that can reveal a wide variety of interactions,
depending on their nature, with target analytes. Furthermore, the nanometric dimension provides the material with a
new physicochemical properties and small internal diffusion resistance (Dou et al., 2011) which can be very
effective for adsorbing heavy metals and organic pollutants from waste water. To our knowledge, there is no study
of using waste materials in nanoparticles size. So, the big challenge in our study is to obtain low cost adsorbent with
high surface area through development to nanoparticles of mango seed kernel (NPs-MSK). For increasing the
selectivity and loading capacity of adsorbent surface some chemicals such as metal ions have been used for
modifications but with complicated procedures (Namasivayam and Sangeetha, 2006). For this reason, modification
and impregnation techniques were used to increase surface adsorption and removal capacity of adsorbent (Adhoum
and Monser, 2002; Soliman et al., 2013; Ghanizadeh et al., 2010).

So, the main objective of this paper is to develop a new and simple method for modification ofNPs-MSK
surface through impregnated with Fe(I11) which has the ability to bind with calmagite dye (Soylak et al., 2002). This
new adsorbent was used successfully for the removal of calmagite dye from different environmental water samples.

2. Materials and methods
2.1. Chemicals

Fresh mangoes were obtained from a local market in Minia, Egypt. Doubly distilled water (DDW) was used
throughout all experiments. Ferric chloride (FeCls.6H,0), ethanol and calmagite dye were analytical grade from
Merck, Germany. ACS reagent grade hydrochloric acid and sodium hydroxide were obtained from Aldrich. Samples
of Nile River water (NRW), drinking tap-water (DTW) and ground water (GW) were collected from Minia. Also,
sample of waste water (WW) was taken near the drainage of the sugar plant in Minia, Egypt.
2.2. Adsorbent preparation
2.2.1. Preparation of nanoparticles mango seed kernel

The seeds (four samples) were removed manually using stainless steel knives and were opened to get

kernels. The kernels were washed with DDW and air dried. The dried material was ground in a mill and sieved to
obtain a powdery form and remove the large particles. The powdered form was also ground and sieved another
time.The final powdered material was washed with DDW and dried well in an oven at 60 "C for 1h. Then, it was
kept in a closed dark glass bottles and stored until utilization. The particle size of the powdered materials ranged
from 11.0—17.0 nm.

2.2.2. Modification of nanoparticles mango seed kernel
(a) Adsorption studies of nanoparticles mango seed kernel with Fe(l11)

The prepared nanoparticles of mango seed kernel (NPs-MSK) was used firstly as adsorbent to obtain the
optimum conditions for uptake of Fe(lll). The metal uptake capacity and adsorption percent of such NPs-MSK
adsorbent towards Fe(l11) were determined in triplicate under static conditions by the batch equilibrium technique.
20.0 mg of the adsorbent was transferred to a 100.0 mL volumetric flask containing 0.5 mL of Fe(lll) solution (the
actual concentration of the prepared Fe(ll1) solution was determined using EDTA titration). Appropriate volumes of
1.0 M HCl or 1.0 M NaOH for adjustment the pH values (2.0 — 4.0). The resultant mixture was completed to 50.0
mL with DDW. This mixture was mechanically shaken for 30 mins at room temperature to attain equilibrium. Then
the solid phase was separated by filtration, washed with DDW and the unretained metal ion in the filtrate was
determined by complexometric EDTA titration (Ahmed, 2011). The effect of shaking time, amount of adsorbent and
metal ion concentration were tested and evaluated by the same previous batch method. The optimum conditions
were found to be: 20.0 mg of the adsorbent was introduced to 50.0 mL containing Fe(l11) (0.05 mmol) solution and
shaking for 15 min at pH 3.5. These conditions led to 100.0 % + 0.1 extraction and 139.63 mg/g metal capacity of
Fe(111) on NPs-MSK adsorbent, Table 1.

(b) Preparation of the nanoparticles mango seed kernel-impregnated Fe(I1I)

500.0 mg of NPs-MSK was soaked for two days in 50.0 mL of 0.5 M FeCl;.6H,0 solution (its pH was
adjusted to 3.5 by adding drops of 1.0 M NaOH and 1.0 M HCI). Then this mixture was filtrated and washed with
DDW in order to remove the residues of FeCls as the filtrate being colorless. The modified phase was left to dry in
an oven at 60 °C for 1h. A confirmation that the modification process has successfully achieved it was found that the
mango seed kernel color changed from white to black one, Fig. 1. The particle size of NPs-MSK-Fe adsorbent was
ranged from 12.4 to 15.4 nm.
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2.3. Adsorbent characterization

The surface functional groups of NPs-MSK and NPs-MSK-Fe were analyzed by Fourier transform infrared
(FT-IR) spectroscopy (410 JASCO, Japan). The particle size and surface morphology of the adsorbents were
characterized using transition electron microscopy (JEM100CX11 JEOL, Japan) and scanning electron microscopy
(JSM-5400 LV JEOL, Japan). The crystal structureof the adsorbents was studied using X-ray diffractometer (JSX-
60 PA JEOL, Japan).

2.4. Studies on point zero charge (pH,yc) of adsorbent

In pH_,c determination, 200 mg of each adsorbent (NPs-MSK and NPs-MSK-Fe) was added to 50.0 mL of
0.01 M NaCl and its pH was adjusted in the range of 2.0 — 12.0 by adding appropriate volumes of 1.0 M HCl or 1.0
M NaOH (Sharma et al., 2009). These flasks were kept for 48 h and final pH of the solution was measured by using
Fisher Scientific Accumet pH-meter (Model 825, Germany). Graphs were then plotted for pHina Versus pHinitial-

2.5. Batch adsorption experiments

The adsorption experiments were carried out using batch method. Different parameters such as, effect of
pH, dye concentration, adsorbent amount and contact time were studied. Definite weight of each adsorbent (NPs-
MSK and NPs-MSK-Fe) was added to 50.0 mL of 1.0 x 10™* M of calmagite dye. Different additions of 1.0 M
NaOH or 1.0 M HCI solutions were used for justifying the pH values before adding the adsorbent. The solution was
then shaken by Wrist Action mechanical shaker model 75 (manufactured by Burrell Corporation Pittsburgh. PA.
U.S.A) at different time intervals at room temperature to attain equilibrium. Subsequently, these solutions were
filtered out by using filter paper. The filtrate after adsorption process was analyzed using UV/visible spectrometer
(Perkin Elmer Lambda 35 UV/Visible spectrophotometer, England) by recording the absorbance changes at a
wavelength of maximum absorbance (602 nm). The amount of dye adsorbed on the adsorbent surface was calculated
from the concentrations difference in solutions before and after adsorption. All the adsorption experiments have
been carried out in triplicate. The adsorption percentage of the dye adsorbed was calculated using the equation:

% Removal (adsorption) = v x 100

i
whereC; is the initial concentration of dye and Cx is its final concentration.

2.6. Desorption and regeneration studies

Desorption measurements were conducted in order to explore the feasibility of recovering the analyte and
the adsorbent. Six weights of 100.0 mg of saturated NPs-MSK-Fe adsorbent with calmagite dye were soaked in 25.0
mL of acidic ethanol solutions (ethanol: water, 1:1 v/v) at pH range from 1.0 to 6.0 in six measuring flasks. These
mixtures were shaken for 1h, have been left overnight, and then were filtrated and washed thoroughly with DDW to
a neutral pH. Each treated adsorbent was dried well to be reused for next experiment under the same previous
conditions of batch method.

2.7. Removal of calmagite dye from environmental water samples

Different water samples drawn from Nile River water (NRW), drinking tap-water (DTW), waste water
(WW) and ground water (GW) were collected and stored in clean polyethylene bottles. The water samples were
filtered before the analysis to remove any insoluble substances. 50.0 mg of NPs-MSK-Fe was conditioned with 50.0
mL of each water sample spiked with 3.0 mL of 1x10 *mol/L of calmagite dye after adjusting the pH of samples to
the optimum pH value and shaking for 30 min. Each filtrate was taken and the concentration of dye was determined
by UV/visible spectrometer using the previous procedure as described above.

3. Result and discussion
3.1. Characterization of adsorbent
3.1.1.FT-IR

The FT-IR spectra for nanoparticles of mango seed kernel (NPs-MSK) and nanoparticles of mango seed
kernel-impregnated Fe(III) (NPs-MSK-Fe) were shown in Fig. 2. The NPs-MSK spectrum displays a number of
absorption peaks, reflecting its complex nature. A strong and broad peak at 3385 cm™' could be assigned to
stretching v(N—-H) of amino groups or v(O-H) stretching vibrations mode of hydroxyl functional groups. A change
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in peak position to 3364 cm™' in the spectrum of NPs-MSK-Fe indicates to the coordination of Fe(l11) with amino
and/or hydroxyl groups. The peak at 1645cm ' was attributed to v(C=0) group, which exist as functional groups
of NPs-MSK and shifting of this peak to 1649 cm™', indicating to involvement of these groups in NPs-MSK-Fe
phase (Salem et al., 2012). The shoulder peak in NPs-MSK at 1000 cm ' due to v(C—O) stretching vibrations
(Elizalde-Gonzalezb and Hernandez-Montoya, 2007) was shifted to 1241 cm™' in NPs-MSK-Fe. The small peaks
observed in the region of 1455—1340 cm' were attributed to ether and carboxylate groups in NPs-MSK were
splatted and shifted to 1461-1369 cm™' in NPs-MSK-Fe adsorbent. The shifts in the absorption peaks generally
emphasize that the modification process with Fe(lll) taking place on the surface of the NPs-MSK. In addition, an
obvious color change from white of NPs-MSK to black of NPs-MSK-Fe as illustrated in Fig. 1.

3.1.2. TEM and SEM

The particle size of NPs-MSK and NPsMSK-Fe was determined through TEM analysis. Fig. 3ashows the
TEM of NPs-MSK adsorbent at 100 nm where the particles of the adsorbent have spherical shape with particle size
range of 11.0—-17.0 nm. As evident in Fig. 3b after the impregnation process of NPs-MSK, the Fe(ll1) occupied and
gathered on the surface of NPs-MSK and tied in the form of clusters. The NPs-MSK-Fe adsorbent has an average
diameter of about 12.4-15.4 nm.

The morphology of both the two adsorbents was examined by SEM analysis. SEM images for NPs-MSK
and NPs-MSK-Fe were shown in Fig. 4. The NPs-MSK materials have porous surface which allowed binding of
Fe(111) easily as shown in Fig. 4a. After binding with Fe(l11) the adsorbent was completely covered with Fe(ll1), and
all the Fe(I11) were aggregated to form a spherical and cage-like structure (Panneerselvam et al., 2011), Fig. 4b.

3.1.3. X-ray

The X-ray diffraction spectra of the NPs-MSK and NPs-MSK-Fe adsorbents were shown in Fig. 5. NPs-
MSK adsorbent showed A-type X-ray diffraction patterns (Sandhu and Lim, 2008) and showed strong reflections at
26 ranges between 15° and 23° and an unresolved doublet at 17° and 18°. After impregnation of NPs-MSK with
Fe(111), the bands of NPs-MSK was converted into sharp bands with higher intensities. Also, the peaks found at 37°,
53° and 83° were attributed to the presence of Fe(l1l) (Panayiot and Stjamesb, 2009). These changes of the structure
of phases confirm the modification of the NPs-MSK surface.

3.2. Effect of pH on dye adsorption

The point of zero charge was found to be 4.0 for both NPs-MSK and NPs-MSK-Fe adsorbents using
standard potentiometric method as illustrated in Fig. 6. Therefore, the surface charges of both two adsorbents were
positively charged at pH < 4.0. It seems that at pH 1.0-3.0, most of -NH, and —OH groups are protonated, which are
favorable for the adsorption of (acidic) calmagite dye (Reddy and Lee, 2013).According to the previous results, the
batch experiments were performed at pH range 1.0 — 10.0 to find out the effect of pH on the adsorption of calmagite
over NPs-MSK and NPs-MSK-Fe, Fig. 7(a, b). The two adsorbents showed maximum uptake values for calmagite
dye at pH 2.0. However, it was found that the adsorption percent and capacity values of NPs-MSK-Fe adsorbent
(98.86 % and 2125.7 pg g *) were higher than NPs-MSK adsorbent (67.84 % and 1458.7 ug g ). This behavior can
be explained on the basis of the protonation of amino and hydroxyl groups at low pH as shown in the following
equations: In the case of NPs-MSK adsorbent, the mechanism of the adsorption process of calmagite is likely to be
the electrostatic interactions of the colored dye ions with the amino and hydroxy! groups of the NPs-MSK. In acidic
solution (pH = 2.0), the calmagite dye was dissolved and converted to anionic dye ions having negatively charged
sulfonic groups D—SO3 (Reddy et al., 2007).

D-SO3;H — D-S0; + H*

Also, in the presence of H", the amino and hydroxyl groups of the NPs-MSK—NH, and NPs-MSK—OH became
protonated.

NPs-MSK-NH, + H* <> NPs-MSK —NH;"
NPs-MSK—OH + H* <> NPs-MSK —OH,"

Then, the adsorption process progressing due to the electrostatic attraction between the two oppositely charged ions
as illustrated in Scheme 1.

On the other hand, for NPs-MSK-Fe adsorbent, the highest adsorption percent can be attributed to the
complex formation and the electrostatic interactions. Firstly, binary complex was formed between amino and
hydroxyl groups on NPs-MSK surface with Fe(l11) due to impregnation process. After adsorption of calmagite dye,
a ternary complex was formed between Fe(lll) and hydroxyl groups in that dye (Fazary et al., 2009) . Also, the
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amino groups on NPs-MSK-Fe adsorbent at low pH value became protonated as in the case of NPs-MSK, Scheme 2.
This has been augmented by the higher values of adsorption percent of NPs-MSK-Fe than NPs-MSK which confirm
that impregnation process improved the surface of NPs-MSK for uptake of calmagite dye. At high pH, the two
adsorbents displayed a sharp decrease in the uptake values. Whereas in NPs-MSK adsorbent, the number of
protonated —NH, and —OH groups will decrease at high pH and more OH™ ions will be available to compete with the
anionic sulfonic group in calmagite dye (Reddy and Lee, 2013). In the case of NPs-MSK-Fe adsorbent, at pH> 4.0,
the Fe(OH); can be produced, therefore the adsorption percent for the acidic dye decreases (Sheibani et al., 2012).
3.3. Effect of adsorbent amount

The weights of the two adsorbents were varied from 10.0 to 200.0 mg keeping all the other experimental
variables constant. The results in (Fig. 8) showed that, the adsorption percent of calmagite dye not affected by
increasing the weight of NPs-MSK up to 200.0 mg with adsorption capacity of 1458.7 ug g *. But in the case of
NPs-MSK-Fe, the adsorption percent increased with increasing the amounts of adsorbent up to 50.0 mg where
adsorption capacity values ranged from up 820.7 to 2125.7 ug g . It has been shown that the nano-sized adsorbents
which have high surface areas gave satisfactory results through fewer amounts compared to the ordinary adsorbents
(Dou et al., 2011). The impregnation process carried out increased the NPs-MSK-Fe capacity for adsorption of
analyte. It was found that, more than 50.0 mg of NPs-MSK-Fe, the adsorption percent decreased. Such behavior was
expected due to the saturation level attained during an adsorption process (Yagub et al., 2014).
3.4. Effect of equilibrium time

Equilibrium time is another important factor in the evaluation process of the new adsorbent. Adsorption
percent values were determined using the batch method at different shaking times (5, 10, 15, 25, 30 and 60 min) to
determine the time needed to attain equilibrium using the NPs-MSK and NPs-MSK-Fe adsorbents. The adsorption
percent for calmagite dye at the optimum pH value was calculated at each time interval relative to highest uptake at
30 min for both the two adsorbents, (Fig. 9). It was found that, the adsorption percent of calmagite dye on 50.0 mg
NPs-MSK-Fe equals 98.86 % but on 100.0 mg NPs-MSK equals 67.84 % at 30 min. This situation can be explained
via the structure of dye as described above in Schemes 1 and 2 where calmagite dye has a greater opportunity for
binding to the surface of the NPs-MSK-Fe adsorbent than NPs-MSK adsorbent.

3.5. Effect of dye concentration

The amount of adsorption for dye removal is highly dependent on the initial dye concentration. The effect
of initial dye concentration depends on the immediate relation between the concentration of the dye and the
available sites on an adsorbent surface (Sharma et al., 2010). At the optimum pH, 100.0 mg of NPs-MSK and 50.0
mg of NPs-MSK-Fe adsorbents were added to different concentration (2.0 x 10°® — 20.0 x 10° mol/L) of calmagite
dye, (Fig. 10). The increase in initial concentration enhances the interaction between adsorbent and dye. It has been
found that the adsorption percent and metal capacity for both adsorbents were increased with concentrations 2.0 x
10%t0 6.0 x 10°° mol/L then decreased with the increase in dye concentration from 8.0 x 10™° to 20.0 x 10"® mol/L.
This is due to the initial dye concentration provides the driving force to overcome the resistance to the mass transfer
of dye between the aqueous and solid phase. Moreover, the adsorption percent and capacity of NPs-MSK-Fe (98.86
% and 2125.7 pg g %) were higher than those of NPs-MSK (67.84 % and 1458.7 ug g ) for 6.0 x10 ® mol/L of dye.
This described the rule of impregnation of NPs-MSK with Fe(l11).

With this data, it was decided that NPs-MSK-Fe is the best adsorbent for extraction and removal of
calmagite dye.

3.6. Desorption and regeneration studies

Desorption of sorbet from the adsorbent is very important and that which will provide the beneficial
features including reusability of adsorbent, recovery of pollutants, reducing the process cost, reducing the generation
of secondary wastes and identifying the adsorption mechanism (Reddy and Lee, 2013). In order to evaluate the
possibility of regeneration and reuse of the NPs-MSK-Fe adsorbent, desorption experiments have been performed in
acidic ethanol at pH range from 1.0 to 6.0. The results in (Fig. 11) show that the maximum desorption efficiency
was 100.0 % £ 0.1 with acidic ethanol at pH = 6.0. The adsorption percent of NPs-MSK-Fe (98.86 %) for calmagite
dye did not show any significant decrease but after three regenerations.

3.7. Removal of calmagite dye from environmental water samples

Dyes are an important class of pollutants which enter aquatic systems as a result of rapid industrialization
(Gupta and Suhas, 2009). So, the new developed adsorbent NPs-MSK-Fe was applied for the removal of calmagite
dye spiked environmental water samples by batch technique.As illustrated in Fig. 12, the recoveries for NRW,
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DTW, WW and GW on NPs-MSK-Fe adsorbent were 99.0, 98.77, 100.0 and 99.56 %, respectively. These recovery
values indicate the suitability and validity of using NPs-MSK-Fe adsorbent for removal of calmagite dye.

Table 1: Metal uptake capacities (mg/g) and adsorption percent of the NPs-MSK adsorbent at different pH values
Recovery % values are based on N = 3

Adsorbent pH value Metal capacity (mg/g) Adsorption percent
1.0 68.56 49.1+0.1
2.0 120.92 86.6 + 0.05
NPs-MSK 3.0 129.57 92.8+0.1
35 139.63 100.0+0.1
4.0 precipitation precipitation

Soaked in 50 mL of 0.5 M FeCl;
for two days and then filtrate

i

™

NPs-MSK-Fe

NPs-MSK

Figure 1: Impregnation of NPs-MSK adsorbent with Fe(l11)

NP sMZK-Fe

[

HF s MEIE

Tr:
A0
1

T T T T T T T
2500 2000 2500 2000 1500 1000 00
Wavenumber o1

Figure 2: FT-IR spectra of NPs-MSK and NPs-MSK-Fe adsorbents
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Figure 4: SEM image of (a) NPs-MSK and (b) NPs-MSK-Fe adsorbents
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Figure 5: XRD patterns of NPs-MSK and NPs-MSK-Fe adsorbents
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Figure 6: Plot for determination of point zero charge of NPs-MSK and NPs-MSK-Fe adsorbents
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Figure 8: Effect of adsorbent amount on adsorption percent of NPs-MSK and NPs-MSK-Fe adsorbents
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Figure 9: Effect of equilibrium time on adsorption percent of NPs-MSK and NPs-MSK-Fe adsorbents
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Figure 10: Effect of dye concentration on adsorption percent of NPs-MSK and NPs-MSK-Fe adsorbents
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Figure 11: Effect of recycled NPs-MSK-Fe adsorbent on calmagite dye adsorption percent
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Figure 12: Recovery of calmagite dye spiked environmental water samples with NPs-MSK-Fe adsorbent at pH =2.0

4. Conclusion

The NPs-MSK-Fe adsorbent was prepared using simple procedure through impregnation process. The
characteristics of both NPs-MSK and NPs-MSK-Fe adsorbents were identified by using FT-IR, TEM, SEM and X-
ray techniques. The adsorption capacity of prepared NPs-MSK-Fe was investigated by batch experiments and equals
2125.7 pg g * which revealed that NPs-MSK-Fe adsorbent was effectively removing of calmagite dye. This new
adsorbent can be regenerated by soaking in acidic ethanol solution of pH = 6.0 to recover both the adsorbents and
the adsorbed dye. Also, the NPs-MSK-Fe adsorbent was applied for the removal of calmagite dye from
environmental water samples with high recovery values and no matrix interference.
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