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Abstract The present study demonstrates the adsorption of the direct black-38 (DB-38) azo dye on
Calixarene; potential and newly synthesized p-rert-butylcalix[6]arene based silica resin (4). Resin 4 was synthe-
Immobilization; sized via the modification of pure silica 1 as 2 followed by the immobilization of p-tert-butylca-
Silica resin; lix[6]arene (3) onto modified silica (2). It was characterized by using different analytical

Direct azo dye;
Solid-phase extraction;
Batch-wise sorption

techniques such as FT-IR, scanning electron microscopy (SEM) and thermo gravimetric analysis
(TGA). The effect of adsorbent dosage, pH and the electrolyte effect on the removal of the DB-
38 azo dye were evaluated through batch wise adsorption experiments. Maximum adsorption of
91% was achieved at pH 9.0. The textile wastewater samples were used to ensure the field applica-
bility of the newly synthesized adsorbent 4 for the treatment of dye contaminated effluents. All
results regarding the removal of the DB-38 azo dye from the aqueous environment prop up resin
4 as an effective adsorbent and it was found that resin 4 has high adsorption efficiency toward
the DB-38 azo dye at a wide range of pH as compared to 1 and 2.

© 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.

1. Introduction served. About 70% contribution of azo dyes in the total dye
consumption makes them the representative and largest class

Since 1856, from the origin of synthetic dye to this day, a of dyes used in textile-processing and other industries (Mustafa

remarkable increase in the usage of synthetic dyes has been ob-
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and Delia, 2004a,b). According to recent reports, due to easy,
versatile and inexpensive synthesis in terms of cost effective-
ness as well as high dyeing efficiency, approximately more than
10,000 different dyes and pigments are manufactured world-
wide with a total annual production of over 7 x 10° metric tons
per year (Saratale et al., 2011; Gnanamani et al., 2005; Chang
et al., 2004; Deveci et al., 2004; Ghaedi et al., 2011a,b). Azo
dyes are exclusively organic compounds consisting of a diazo-
tized amine coupled to an amine or a phenol and contain one
ore more azo (-N=—N-) linkages. Beside this, more than 500
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azo dyes which are based on carcinogenic amines are also rec-
ognized as hazardous contaminants and must be removed
from waste effluents prior to discharge (Bafana et al., 2008).
Especially, due to the synthetic origin, recycling nature as well
as complex aromatic structure, which helps them to resist their
degradation; benzidine (BZ) based direct azo dyes are one of
the problematic and bioresistant groups of organic pollutants
(Golka et al., 2004; Ghaedi et al., 2011a,b).

On the basis of experimental studies with rats, dogs and epi-
demiological studies of workers exposed to the dyes, the Na-
tional Institute for Occupational Safety and Health as well
as the International Agency for Research on Cancer (IARC)
have declared benzidine (BZ)-based dyes as carcinogenic and
tumorigenic (Manning et al., 1985; Pinheiro et al., 2004; Gha-
edi et al., 2012). However, inspite of the fact that, benzidine
(BZ)-based azo dyes are health hazardous contaminants, they
have been still in use in textile dyeing processes.

Since, benzidine based dyes are the inevitable source of
environmental contamination, the removal of these dyes or
in other words the decolorization of waste water is an impera-
tive issue of the present era and extremely essential for envi-
ronmental safety (Karagoz et al, 2011). Numerous
researchers have taken considerable efforts to decontaminate
the dye containing effluents by using different technologies
including chemical (Oxidative processes, Fenton oxidation,
H,0,, ozonation and electrochemical process), biological
(Decolorization by white-rot fungi and other microbial cul-
tures) and physical methodologies such as membrane filtra-
tion, coagulation/flocculation and adsorption (Saratale et al.,
2011; Crini, 2006; Robinson et al., 2001).

Recent literature analysis reveals that among all the dye re-
moval techniques the adsorption technique has proven to be
an effective and attractive process for the decontamination
of the dye-containing effluents. Consequently several research-
ers have adopted the adsorption approach to purify the indus-
trial waste water by means of natural and synthetic adsorbents
(Geethakarthi and Phanikumar, 2011; Chatterjee et al., 2010).
The adsorption efficiency of the natural adsorbents varies from
one material to another further more availability and their
regeneration problems constrain their frequent use (Li et al.,
2009).

Synthetic adsorbents such as calix[n]arene based silica res-
ins due to their easy synthesis and regeneration may be a good
choice of adsorbents for the decontamination of industrial
effluent (Kamboh et al., 2011a,b; Chen et al., 2010). The dye
remediation/decolorization of industrial effluent was based
on the interaction between the surfaces of adsorbent and the
adsorbed (polluted) species through the chemical bonding,
hydrogen bonding, hydrophobic bonding and van der Waals
forces (Parida et al., 2006). In this regard silica deserves partic-
ular attention, considering the chemical reactivity of its sur-
face, due to the presence of silanol groups, which are weakly
acidic and are very reactive. By virtue of the hydrophilic nat-
ure, the silica surface physically adsorbs water molecules. This
property indicates that upon modification, the silica surface
can be easily incorporated with the organic dye molecule in
the aqueous environment. Furthermore, the chemical immobi-
lization of calix[n]arene framework onto a polymeric backbone
makes such a macrocycle a versatile material that not only
helps in the remediation of polluted sites but also provides
thermal stability and regenerable nature to the system (Yilmaz
et al., 2006; Andrzejewska et al., 2007; Legrand, 1998).

The objective of the present study is to evaluate the adsorp-
tion efficiency of newly synthesized material i.e., p-tert-butyl-
calix[6]arene based silica resin (4) toward the Direct black 38
azo dye. Moreover, the influence of dosage, pH of the solution
and the effect of electrolyte on the adsorption capacity of resin
4 have also been examined.

2. Experimental

2.1. Reagents

The commercial textile Direct Black 38 (FW: 781.7 g/mol,
Jmax: 520 nm) benzidine based azo dye Fig. 1 was obtained
from a commercially available source and used as an adsorbate
without any further purification. The waste water samples
were collected from textile and dye manufacturing industries.
The appropriate amount of (0.1 N) HCl and/or NaOH has
been used to the desired pH. All chemicals used were of analyt-
ical grade. Silica gel (230-400 mesh) was procured from Fluka
(Germany). Analytical TLC was performed on precoated silica
gel plates (SiO,, Merck PF5s4). Deionized water that had been
passed through a Milli-Q system (Elga Model Classic UVF,
UK) was used for the preparation of solutions.

2.2. Apparatus

Elemental analyses were performed using a CHNS elemental
analyzer (model Flash EA 1112, 20090-Rodano, Milan, Italy).
Melting points were determined on a Gallenkamp apparatus
model (MFB. 595. 010M, England). IR spectra were recorded
on a Thermo Nicollet 5700 FT-IR spectrometer (WI. 53711,
USA) as KBr pellets. Scanning Electron Microscopic (SEM)
studies were performed using JSM-6380 instrument. UV-vis
spectra were obtained with Perkin Elmer (Shelton, CT06484,
and USA) Lambda 35 UV-vis spectrophotometer.

The pH measurements were made with a pH meter (781-
pH/Ion meter, Metrohm, Herisau Switzerland) with glass elec-
trode and internal reference electrode. A Gallenkamp thermo-
stat automatic mechanical shaker (model BKS 305-101, UK)
was used for the batch study.

NH, NH, OH

NaO,S SO,Na

DB-38

Figure 1 The chemical structures of adsorbate (DB-38 azo dye)
used in experiments.

NH, OH
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Figure 2
pH.

Structure of the DB-38 azo dye at higher (i.e. basic)
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Figure 3  The synthesis of p-tert-butylcalix[6]arene based silica resin (4).

2.3. Synthesis

The modified silica (2) and p-tert-Butylcalix[6]arene (3) as illus-
trated in Fig. 3 were synthesized according to the previously
published method (Gutsche et al., 1981; Katz et al., 2002).

2.3.1. Immobilization of p-tert-butylcalix[6 [arene (3) onto the
modified silica (2)

The immobilization of p-tert-butlycalix[6]are (3) onto the sur-
face of modified silica (2) was achieved by using 10 g of mod-
ified silica. A solution of 2 (2.97 g, 3.06 mmol) in chloroform
(100 mL) was added to the modified silica 2 followed by the
addition of triethylamine (15 g, 20.7 mL) and the reaction mix-
ture was refluxed for a period of 50 h. The immobilization was
monitored by FT-IR spectroscopy. The resulting grayish resin
was filtered off, washed with excess of hot chloroform, metha-
nol, water, and methanol respectively. Finally resin 4 was
washed with hot chloroform (100 mL) and the resulting resin
was dried at 100 °C under vacuum. The immobilization was
confirmed by evaluating the FT-IR spectrum, SEM analysis
and Thermogravimetric analysis (TGA) of 4.

%'T
2966

2.4. Adsorption procedure for the DB-38 azo dye

2.4.1. Batch method

The adsorption capacity of resin 4 for the DB-38 Benzidine
(BZ)-based direct azo dye from aqueous media was deter-
mined by batch wise tests. The experiments were conducted
in 25 mL Erlenmeyer flasks with glass caps which contain
particular amounts of the adsorbents as well as particular
concentration of adsorbed solution. To obtain adsorption
equilibrium, the Erlenmeyer flasks were stirred on a horizon-
tal shaker operating at a constant speed (170 rpm) at 25 °C
for a fixed time. The adsorbent was filtered and the ad-
sorbed dye was analyzed by the UV-visible spectrophotom-
eter. The% adsorption of azo dyes was calculated using Eq.
(1) as follows:

% Adsorption = —— G x 100 (1)

i

where C; (mol L") is the initial concentration of solution be-
fore sorption and C, (mol L~!) is the final concentration after
the sorption of azo dye.
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Figure 4

FT-IR spectra (A) pure silica (1) (B) resin 4.
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Figure 5 SEM images of (A) pure silica 1 (B) resin 4.

3. Results and discussion
3.1. Characterization

3.1.1. FT-IR spectra

Fig. 4 shows the FT-IR spectrum of pure silica (1) and resin 4.
The spectrum of 1 is characterized by the strong absorbance at
1099 cm™" which is the characteristic peak of asymmetric Si—
O-Si stretching. The other characteristic peaks at 3441 cm™!
and 1632 cm ™! are due to O-H stretching and O-H bending
respectively (Parida et al., 2006). While FT-IR spectral analysis
of pure p-tert-butylcalix[6]arene shows clearly different bands
at around 3340 cm~' (OH), 2950 cm™' (CH),1500 cm™!
(C=C), 1340cm~', (C-O) groups respectively (Gutsche
et al., 1981). Consequently, following immobilization resin 4
shows some additional bands at 2966, 1485 and 1381 cm ™!
for -C-H, C=C and C-O groups of calixarene moiety
(Fig. 3B) in FT-IR spectrum, which confirms the immobiliza-
tion of p-tert-butylcalix[6]arene (3) onto the 2.

3.1.2. Scanning electron microscope (SEM)

Since, the sorption is a surface phenomenon, the rate and de-
gree of sorption is highly dependent on the surface functional
groups, pore size and surface area of the sorbent. Therefore,

Weight Fraction

o 1sS0 300 a4s0 €00 7Sso 9so

Temperature (°C)

Figure 6 A & B. TGA curves pure silica 1 (A) resin 4 (B).

SEM is known as one of the most widely used surface diagnos-
tic tools (Memon et al., 2008), for that reason SEM micro-
graphs were obtained (by applying 05kV electron
acceleration voltage) to observe the surface morphology of
pure silica (1) and material 4. The SEM images as shown in
(Fig. 5A and B) are very demonstrative. Smooth morphology
of silica (1) can be seen in Fig. 5A, following the immobiliza-
tion of 3, as expected the smooth surface of silica 1 shows an
irregular morphology (Fig. 5B) covered by a foreign material,
i.e. 3. The coverage of smooth surface of silica 1 is with the for-
eign material which is presumably p-fert-butylcalix[6]arene
aggregate. The coverage of silica surface as well as the presence
of attached particles i.e., p-tert-butylcalix[6]arene (3) onto the
surface of silica confirms the immobilization.

3.1.3. Thermogravimetric analysis (TGA)

Thermal stability of the p-tert-butylcalix[6]arene base silica re-
sin (4) was examined by the TGA analyses, as presented in
Fig. 6A and B. Two main steps on thermal degradation curves
for pure silica (1) and p-zert-butylcalix[6]arene based silica re-
sin (4) are observed as shown in Fig. 6A and B. The first step
(Fig. 6B) ranging from (30 to 130 °C) was assigned to the loss

Dose study of DB-38
100 1

80 1

% Adsorption

75 100 125 150
Dosage (mg)
01 4

Figure 7  Effect of adsorbent dosage (1 and/or 4) on the percent
adsorption of the DB-38 (Contact time 30 min, NaCl 0.3 M and
dye concentration 2 x 1075 M).
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of physically adsorbed water. The second step ranging from
(250 to 450 °C) was recognized to the combustion of p-tert-
butylcalix[6]arene (3) ring.

3.2. Adsorption study of selected the DB-38 azo dye

3.2.1. Effect of adsorbent dosage

To analyze the effect of adsorbent dosage (1 and 4) on the %
adsorption of the DB-38 azo dye, the experiments were carried
out by varying the amounts of adsorbent from 25 to 150 mg of
1 and 4 fixed dyes concentration (2 x 107> M). Fig. 7 obviously
demonstrates that the % adsorption of the DB-38 azo dye
slightly increased with increasing the dosage of adsorbents.
The maximum dye removal efficiency has been achieved at
75 mg of the adsorbents, after which an increase in adsorbents
dosage does not further improve the % adsorption and the dye
removal efficiency remains almost constant. Thus, all the
experiments were carried out with a fixed amount of adsor-
bents, i.e. 75 mg.

3.2.2. pH effect on the adsorption of azo dyes

It is well known that pH is most important and one of the
main variable affecting factors during the dye adsorption pro-
cess influencing not only the surface charge of the adsorbent,
the degree of ionization of the material present in the solution
and the dissociation of functional groups on the active sites of
the adsorbent, but also the solution dye chemistry (Errais
et al., 2011; Senturk et al., 2009). Fig. 8 shows the influence
of the initial solution pH on the percent adsorption of the
DB-38 dye onto resin 4. The results (Fig. 8) revealed that the
significant adsorption of the DB-38 azo dye occurs in a wide
range of pH from pH 3 to pH 11. From Fig. 7, it has been no-
ticed that the adsorption of the DB-38 dye increased with pH,
while the value of pH changed from 3 to 9 and attains the max-
imum adsorption of 91% at pH 9.0. The adsorption of the DB-
38 dye was decreased when the pH increased from 9 to 11.
The pH effect on the adsorption of the DB-38 dye observed
in this study may be explained by the electrostatic interaction
as well as metal ion coordination between resin 4 and the dye
molecule. By increasing the pH of the system the number of
negatively charged sites increases as well and the number of

pH study of DB-38

100 1

% Adsorption

pH

|01 83 @4

Figure 8 pH effect on the percent adsorption of the DB-38 azo
dye. (Adsorbent dose 75 mg, Contact time 30 min, NaCl 0.3 M
and dye concentration 2 x 107> M).

positively charged sites decreases. Since, the DB-38 dye bore
a sulfonate group, and in a basic environment as a result of
the dissociation of sulfonate groups as represented in Fig. 2,
the DB-38 dye became negatively charged and interacted with
sodium ions as Fig. 9 describes it. In the same way, at a higher
pH adsorbent i.e., p-tert-butylcalix[6]arene based silica resin
(4) also becomes negatively charged and resin 4 becomes anio-
nic in nature. In this scenario, a favorable environment was
provided to the negatively charged resin 4 for electrostatic
interactions with metal ions of the adsorbate; this facilitated
adsorption. Moreover, negatively charged sites of p-zert-butyl-
calix[6]arene based silica resin (4) had the capability to bind so-
dium ions, and this implied an anion-pair extraction
mechanism in which Na™ coordinated with the negatively
charged resin 4, i.e. anionic sites of p-fert-butylcalix[6]arene
based silica resin (4) along with the dye anions, and the rest
of the dye molecules inserted themselves into the hydrophobic
calixarene cavity (Fig. 9). In contrast, at a higher pH, the lower
adsorption was attributed to the increase in the concentration
of OH™ ions, which competed with the negative outer sites of
the adsorbent. The electrostatic repulsions may suppress the
dye adsorption but metal cation coordinated by negative sites
of p-tert-butylcalix[6]arene based silica resin (4) and dye may
eventually enhance the adsorption percentage. (Chen et al.,
2010; Sidiras et al., 2011; Kamboh et al., 2011a,b).

3.2.3. Influence of the NaCl concentration on the adsorption of
the DB-38 azo dye

Dye adsorption strongly depends on the ionic strength because
the influence of electrolyte plays a key role on separation sci-
ences. Thus, to recognize the electrolyte effect on adsorption
of the DB-38 azo dye onto a newly synthesized adsorbent
(i.e. resin 4) the concentration of NaCl was varied from 0 to
0.5 mol L™". Fig. 10 represents the results obtained at different
electrolytic concentrations, the results clearly point out that
electrolytic concentration might be the important driving force
in the DB-38 azo dye adsorption facilitated transport to the or-
ganic phase (Crini, 2003).

Fig. 10 deduced that dye adsorption increased with an in-
crease of NaCl concentration up to 0.3 mol L™!, above which
there was no additional effect. This is due to the fact that NaCl

Figure 9  Proposed structure of interaction of the DB-38 azo dye
with resin 4.
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Figure 10  Effect of NaCl concentration on percent adsorption
of the DB-38 (Adsorbent dose 75 mg, Contact time 30 min, dye
concentration 2 x 107> M).

provides an ionic balance between the two phases and NaCl in-
creases the solubility of the DB-38 azo dye through the com-
mon ion effect, resulting in an increase.

3.3. Regeneration of resin 4

Regeneration of resin 4 can easily be done by washing the solid
material with an acid solution. The efficiency of resin 4 for the
removal of the DB-38 azo dye decreases slightly with each cy-
cle. The percent recovery of dyes was found to be 75-80%.

3.4. Field application of resin 4

The economic removal of the polluting dyes is an important
problem. Therefore in order to authenticate the efficiency of
the newly synthesized resin 4 as an effective adsorbent for
the removal of the DB-38 dye from textile effluents, the decol-
orization of textile effluents containing the DB-38 as well as a
mixture of different dyes and other auxiliary chemicals was
also carried out. The batch study has been performed by using
75 mg adsorbent (resin 4) and 10 mL of dye waste water sam-
ple that has been stirred for 30 min, at 25 °C in 25 mL Erlen-
meyer flasks. The concentration of the DB-38 was examined
before and after the treatment of waste water with material
4. The field studies showed that material 4 reduces the concen-
tration of the DB-38 azo dye 3.01 x 107> and 2.18 x 10> from
1.14x107*, and 9.13 x 107> for the samples 1 and 2, respec-
tively. However up to 70% decolorization of real textile waste
water samples corroborated 4 as a highly effective adsorbent
for the treatment of industrial effluents contaminated with
dyes.

4. Conclusions

New adsorbent, p-tert-butyl-calix[6]arene based silica resin (4),
was synthesized successfully, FT-IR spectroscopy, scanning
electron microscope (SEM) and thermo gravimetric analysis
(TGA) confirmed the synthesis of resin 4. The adsorption of
the Direct black-38 azo dye onto resin 4 has been investigated.
The experimental results indicated that resin 4 is an effective

adsorbent for the removal of the DB-38 azo dye from the
aqueous environment at a wide range of pH and the maximum
adsorption of 91% was achieved at pH 9.0. For treatment of
textile effluents, resin 4 presented extremely good perfor-
mances and more than 70% decolorization has been achieved.
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