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Abstract

The preparation of polyaniline/HY/TiO, p-n heterojunction/polymer is success-
fully performed by in situ chemical polymerization of aniline doped by 5 w% of
HY zeolite (acid solid) using persulfate (NH,),S,05 as oxidant in aqueous solution
containing 5 to 20 wt% of TiO, with respect to aniline monomer quantity. The prod-
uct is characterized by X-ray diffraction (XRD), FT-IR spectroscopy, SEM analy-
sis, thermal gravimetry, UV-visible diffuse reflectance and electrical conductiv-
ity. The FT-IR spectra revealed the presence of TiO, and PANI as a main matrix
in nanocomposites while the XRD patterns show that the diameter of PANI/HY/
TiO, lies between 20 and 70 nm. In the second part, we investigate the effect of
the physical parameters on the equilibrium adsorption of chromate Cr(VI) on PANI/
HY/TiO, nanocomposites. The adsorption characteristics of the composite toward
Cr(VI) are followed by atomic absorption spectroscopy (AAS). The effect of contact
time, sorbent size and Cr(VI) initial concentration (C,) on the Cr(VI) uptake is also
studied. It has been observed that the capacity of Cr(VI) adsorption on PANI/HY/
TiO, increases with increasing C, while the PANI/HY/5TiO, has a larger uptake
capacity. The isotherm data are well fitted with the Langmuir isotherm model with
maximum adsorption capacity of 454.54 mg/g. The calculated thermodynamic
parameters showed that the Cr(VI) adsorption onto PANI/HY/5TiO, is endothermic
(AH°=12.478 kJ/mol) and spontaneous (AG°5,, x =—11.186 kJ/mol).
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Introduction

Nanocomposites of conductive polymers and inorganic nanoparticles are attracting
more and more attention not only because they combine the advantageous proper-
ties of conductive polymer and inorganic particles but also because of new types of
composite materials with synergistic or complementary behaviors, with interesting
physical properties and many potential applications [1-6]. Polyaniline, one of the
most intensively studied conducting polymers over the last years, has attracted con-
siderable attention for the preparation of its composites with inorganic compounds.
One can cite the transport and magnetic properties of Cug ,Zn ¢Cr, sSmg osFe; 4404/
polyaniline nanocomposites [7], polyaniline—molybdenum trisulfide composite [8],
polyaniline nanofibers [9] and polyaniline V,05 composite [10], TiO,, SnO,, WO;,
Zn0O, Nb,0s, In,05 and others [11-16].

Zeolites are nanoporous aluminosilicates in which the presence of Al introduces
charge defects that are compensated by non-framework cations. These acid solids are
usually synthesized in the presence of Na*, but as this ion is readily exchangeable, a
large variety of exchanged zeolites have been generated for the catalysis, adsorption
and ion-exchange purposes [17], These considerations prompted us to investigate a
commercial zeolite Y in its hydrogenated form (zeolite HY) for the removal of sima-
zine from water. Indeed, the use of zeolites in the environment protection is already
known [18, 19]. Furthermore, zeolite Y is (i) inexpensive and therefore commer-
cially available; (ii) exhibits only one type of windows with smallest dimension of
0.74 nm [20]: the molecule (length 1.034 nm, width 0.749 nm [21]) thus appears to
be able to enter the porous system, possibly ensuring a rapid uptake [22]. Moreo-
ver, the acidity of the zeolite surface implies a good adhesion with the conducting
polymer, with an easy charge carrier transport through the cell, thus minimizing the
internal resistance and maximizing its efficiency. Besides, the intercalation of a con-
ducting polymer into a porous and leafy material, like zeolite, protects the former
from degradation [23].

On the other hand, TiO, has versatile properties with various applications in
photovoltaic, photocatalysis and environmental protection [24-26], it is relatively
inexpensive, non-toxic and possesses promising photoelectric properties. How-
ever, its band gap (E,~3.2 eV) is wide and limits the exploitation of sunlight
since only ~4% falls in the UV range [27-29]. It was found that the nanosized
p-n heterojunction, i.e., p-type PANI zeolite HY/n-type TiO, works as a switch
to control the electric current flow in TiO, microfibers [30].

On the other hand, heavy metals are potentially hazardous to human health
even at low concentrations. Chromium is used in industries such as electroplat-
ing, tanning, textile and thus is widely present in the effluents of these industries.
It is commonly found in two oxidation states; hexa- and trivalent states Cr(III))
and trivalent Cr(VI). The latter is about 500 times more toxic to aquatic life than
the trivalent state [31] and various methods were used for its removal, including
chemical precipitation, reverse osmosis, ion exchange and adsorption [32-34].

In this study, polyaniline was synthesized using doped acid solid HY zeo-
lite in the presence of TiO, at different percentages (5-20 w%). PANI/HY/TiO,

@ Springer



Polymer Bulletin (2023) 80:9217-9236 9219

nanocomposite was tested as adsorbent for Cr(VI) reduction from aqueous solu-
tions under various conditions. The adsorption time and Cr(VI) concentration
were tested and the equilibrium isotherms were investigated.

Experimental methods
Materials

The aniline (purity>99%) was purchased from Merck, zeolite NH,Y [Na,
(NH,)s; 33Als3 33 Sij35 6703841, Zeolist International, SiO,/Al,0;=5.2; Na,0=0.2%,
Si/Al1=2.6 (ZEOLIST®). The anatase TiO, nanoparticles (size: 20-70 nm) were
obtained from Biochem, (NH,),S,0;, APS) (Panreac 99%), ammonia solution (25%
Biochem), methanol (Analar Normapur, N-methyl-2-pyrolidone Biochem).

Characterization

The FT-IR spectra were obtained with a Shimadzu 8400S spectrometer (resolution:
1 cm™'); the measurements were performed in absorption mode using KBr pellets
(spectroscopic grade). The UV-visible spectra of the deprotonated samples dis-
solved in N-methyl-2-pyrrolidone (NMP) were recorded using a UV-Vis Spectro-
photometer Shimadzu UV-2401 in the range (290-900 nm). The electrical conduc-
tivity was measured at ambient temperature on pressed pellets using the Four-Point
Probe (Jandel Engineering RM3000) with a DC current source. The thermal sta-
bility of the sample was performed on a thermogravimetric analyzer (Model: TG
209 F1 NETZSCH German) at a heating rate of 10 °C min~'. The XRD patterns
were recorded in the 26 range (5-70°, step: 0.02°) with a PANalytical, X’PerPRO
X-ray diffractometer while the morphological studies of composite samples were
performed by SEM technique with scanning electron microscope (Model PHILIPS
XL 30). Atomic absorption spectroscopy (AAS Absorption Spectrometer, Unicam
SOLAAR 969) was used for the Cr(VI) titration.

Synthesis of PANI/HY/TiO, nanocomposite

Pure PANI was synthesized by in situ chemical oxidative polymerization
(0=5 °C), which has been reported in detail elsewhere [35-37]. The composite
PANI/HY/TiO, was synthetized by an in situ chemical oxidation polymeriza-
tion of aniline using HY zeolite solid. HY was prepared by thermal treatment of
NH,Y [38] and (NH,),S,04 as oxidant in presence of colloidal TiO, nanoparti-
cles, ranging (0-5 °C) in air. In a typical procedure, TiO, nanoparticles were sus-
pended in distilled water and sonicated for 1 h to reduce the aggregation of TiO,
nanoparticles. The aniline (0.1 M) was dissolved in 100 mL of water and then
mixed with 10 mL of sonicated colloidal TiO, nanoparticles by further sonica-
tion for 30 min. 100 mL solution [NH,),S,0g/aniline =1.5] was added dropwise
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for a well dispersion (2 h) under continuous stirring at (0=5 °C). Good degree of
polymerization was achieved after 3 h, and a dark green precipitate was recov-
ered. The solution was left in undisturbed position overnight for the completion
of chemical reaction; the precipitate was removed by filtration, washed repeatedly
with distilled water and dried under vacuum for 24 h.

The different contents PANI/HY/TiO, nanocomposites were synthesized using
5, 10, 20 wt% to TiO, with respect to aniline monomer. The schematic diagram of
the stepwise synthesis is shown in Fig. 1.

Aniline in WY in

APS in

water water water

¢ ¢ S S

1- Dissolution of aniline, Zeolite HY and
TiO2 separately in distilled water under

magnetic stirring (1 h).

2- Mixing Zeolite HY suspension with aniline

vl

solution under stirring.

S 3- Mixing TiO, suspension with
aniline and HY solution under
< stirring.

4- Addition the APS solution in
(aniline + HY + TiO;). The green
solution is vigorously stirred (4 h)
using magnetic stirrer.

)

5- When the reaction is complete, leave the solution in
undisturbed position overnight

Hs=

6- The solution is filtered and washed several times
with methanol and distilled water and dried under
vacuum for 48 h

’E

Fig. 1 Schematic diagram by steps for the synthesis of PANI/HY/TiO, nanocomposite using in situ oxi-
dative polymerization
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Adsorption experiments

To determine the conditions that achieve the maximum amount of Cr(VI) removal,
adsorption experiments were done; the reaction isotherm and kinetics were also con-
ducted in this study.

The Cr(VI) solutions were prepared at different concentrations (10-100 ppm)
from a stock solution (1000 ppm) by dissolving extra pure K,CrO, in water. The
adsorption isotherm and kinetics were conducted in this study. Various amounts of
nanocomposites PANI/HY/TiO, powder were introduced into 100 mL volumetric
flasks to which 50 mL Cr(VI) solution at different concentrations were added. The
adsorption tests were conducted at a fixed temperature of 30 °C; the efficiency of
Cr(VI) removal was calculated as follows:

. G -G
Removal efficiency (%) = 100 C (1)
i
where C; and C; are the initial and final concentrations (ppm), respectively. The
amount of metal adsorbed (g;) per specific amount of adsorbent (mg/g) was obtained

as follows:
(C;=C)y
— : f
g = ( — ) ®

where C; and C; (ppm) are the liquid phase concentrations of solutes at initial and
time ¢, v the solution volume (ml) and m the mass of composite (g).

Results and discussion
Infrared Spectroscopy

Figure 2 shows the FT-IR spectra of pure PANI, HY and PANI/HY/TiO, compos-
ite, in which some vibration bands are observed. The characteristic bands attributed
to the emeraldine salt are 3464 and 3252 cm™!, corresponding to stretching vibra-
tion of O-H and N-H [39, 40]. The band centered at 1575 cm™' of quinonoid ring
stretching and that at 1497 cm™' of benzenoid ring stretching is related to C=C
vibration of the system (N=Q=N) and system C—-C (N-B-N) ring deformation,
respectively. These two bands are important since they deliver qualitative informa-
tion on the oxidation of polyaniline; the peaks 2909 and 2841 cm™' are assigned to
stretching vibrations of C—H coming from the PANI structure [41, 42]. The char-
acteristic bands of the zeolite at 1135 and 1044 cm™! correspond to the stretching
group O-T-O and the elongation of the early group T-O-T [43, 44].

The FT-IR spectrum of TiO, (Fig. 2g) confirmed the existence of well-defined
peaks at 660 and 505 cm™' (<1000 cm™!), in good agreement with previously
reported spectra of TiO, composite [44]. The strong peak of TiO, occurs in the
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Fig.2 FT-IR spectra of a pure PANI, b HY, ¢ PANI/HY, d PANI/HY/5TiO,, e PANI/HY/10TiO,, f
PANI/HY/20TiO, and g TiO, in the range (4000400 cm™")

composite with increasing the weight, indicating a strong interaction between PANI/
HY and TiO,.

Ultraviolet-visible spectroscopy

The UV-visible spectra of PANI, PANI/HY/5TiO,, PANI/HY/10TiO,, PANI/
HY/20TiO, show two absorption maxima in NMP while the zeolite HY has no
absorption (Fig. 3). The spectrum of PANI base has bands at 332 and 647 nm. The
former is assigned to the electronic transition &= —n* observed for standard PANI
emeraldine base [46] and is sensitive to the number of aniline units (330-340 nm).
The band at 647 nm corresponds to the excitation of the charge transfer from the
highest occupied energy level (HOMO), centered on the benzenoid ring, to the low-
est unoccupied energy level (LUMO), centered on the quinonoid ring [47, 48].

The UV-visible spectrum of the PANI/HY/TiO, composite exhibits two absorp-
tion bands, which show a blueshift with increasing the TiO, content in the com-
posites: from 363 and 651 nm for PANI/HY/5TiO, to 347 and 647 nm for PANI/
HY/10TiO,, and 345 and 645 for PANI/HY/20TiO,.

Thermal analysis

The TG plots of PANI, PANI/HY and PANI/HY/TiO, nanocomposites (Fig. 4) show
the thermogravimetric analysis (TGA) of polyaniline and PANI/HY and PANI/
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Fig.3 UV-visible spectra of a HY, b TiO, and deprotonated from ¢ PANI, d PANI/HY/5TiO,, e PANI/
HY/10TiO, and f PANI/HY/20TiO, in N-methyl-2-pyrrolidone
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Fig.4 TGA curves for PANI, SHY, PANI/HY/5TiO,, recorded under air stream at a heating rate of

5°C min~!

HY/5TiO, nanocomposite. PANI shows three-step thermal degradation process in
the range (30-150 °C), (150-350 °C) and (350-500 °C) corresponding to the mois-
ture and dopant losses and main chain degradation of PANI, respectively [49].

It should be noted that the weight loss follows a two-step manner in the nanocom-
posite, the removal of water molecules in PANI/HY (96 wt%) and PANI/HY /5TiO,
(94 wt%). The residual weight (350-500 °C) corresponds to the degradation of the

@ Springer



9224 Polymer Bulletin (2023) 80:9217-9236

main chain of PANI in PANI/HY 63 (wt%) and (74.34 w%) PANI/HY/TiO,, and it
is smaller than the extent of the thermal decomposition of PANI. The increased ther-
mal stability of PANI in PANI/HY and PANI/HY/5TiO, composites is explained by
the strong interactions PANI with zeolite HY, PANI and zeolite HY and TiO,, which
restrict thermal motion of PANI chains.

Electrical conductivity

In comparison with pure PANI/HY, the conductivity (c3p0x) of 5 wt% PANI/HY/
TiO, composite increases from 1.12 to 2.2 S/cm (Fig. 5). This may be attributed to
TiO, nanoparticles in PANI/HY matrix to form an efficient system for the charge
transport between different molecular chains of PANI/HY, thus enhancing the con-
ductivity of the composite. The decreased conductivity of 10 wt% PANI/HY/TiO,
nanocomposite is due to the partial blockage of conductive path and reduction of
conjugation length between PANI/HY chains by excess of TiO, nanoparticles in
the PANI/HY matrix [50]. The ¢ value implies that the conduction occurs by small
polaron lattice, assimilated to a heavy particle with a small mobility at 300 K and a
limited free path.

X-ray diffraction (XRD)

Figure 6 presents the XRD patterns of TiO, nanoparticles, pure HY, PANI and
PANI/HY/TiO, composites. It is apparent that the TiO, nanoparticles are crystal-
line and the positions of all the sharp peaks reveal an anatase crystalline polymorph
(PDF#01-071-1168 data file) in agreement with earlier reported data [S1]. The
20 peaks at 25.21, 36.82, 37.66, 38.45, 47.96, 53.77 and 54.98 correspond to the
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Fig.5 Variation of the electrical conductivity (c5y5x) of PANI/HY/TiO, nanocomposite with different
TiO, concentrations at room temperature
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Fig.6 XRD patterns of parent a pure PANL, b PANI/HY, ¢ pure HY, d PANI/HY/5TiO,, e PANI/
HY/10TiO,, f PANI/HY/20TiO,, g pure TiO,

inter-reticular planes (101), (103), (004), (112), (200), (105), (211). The other crys-
talline forms of TiO, (rutile and brookite) are not detected.

The average particles size (D) is calculated for the selected samples by using the
full width at half maximum (FWHM = f3, radian) (Fig. 7):
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Fig.7 SEM images of a HY, b pure PANI, ¢ PANI/HY, d pure TiO,, e PANI/HY/5TiO, and f PANI/
HY/10TiO,

_ KA
b= pcosé S

where K is the shape factor for the average crystallite (~0.9), 4 the X-ray’s wave-
length for Cu-K, (=0.15418 nm). The calculated sizes based on the XRD data
are found to be 50 nm for TiO, nanoparticles, 26 nm for nanocomposite content
5%TiO,, 27 nm for 10% of TiO, and 66 nm for 20% of TiO,. The results indicated
that the encapsulated TiO, nanoparticles with PANI chains restrict the growth of
PANI chains around TiO, nanoparticles. Assuming spherical crystallites, a mini-
mal specific surface area of ~ 100 m? g~ is evaluated from the relation {S=6x (Pexp
L)'}, Pexp 18 the experimental density (~2 g cm™>) determined by pycnometry.
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Scanning electron microscopy (SEM)

There is a clear evolution of the morphology with the PANI/HY aggregates of irreg-
ular shape and size. The study of prepared composite by SEM analysis indicates
that PANI/HY/10TiO, shows rather homogeneous morphology in contrast to PANI/
HY/5TiO, and PANI/HY, which are heterogeneous with a certain porosity, an attrac-
tive property for the Cr(VI) adsorption.

Metal adsorption
Effect of contact time

The saturation time of PANI/HY/5TiO,, PANI/HY/10TiO,, PANI/HY/20TiO, nano-
composites was obtained by plotting the removal efficiency of Cr(VI) against time.
For a Cr(VI) concentration less than 50 ppm, the maximum was reached in a short
period and the composite adsorbs completely the metal (100%) of PANI/HY/5TiO,.
The uptake kinetic is related to the specificity of the interaction with the polymeric
matrix/Cr(VI).

Figure 8 shows the Cr(VI) elimination by PANI/HY/5TiO,, PANI/HY/10TiO,
and PANI/HY/20TiO, nanocomposite. The removal increases with time and reaches
an equilibrium within 15 min. High Cr(VI) adsorption rates for the three nano-
composites are observed at the beginning, and then a plateau region is progres-
sively reached within 15 min for an initial concentration of 50 ppm. In each case,
the decreasing Cr(VI) concentration remained in solution indicates that chromate is
strongly adsorbed onto PANI/HY/5TiO, comparatively with PANI/HY/10TiO, and
PANI/HY/20TiO,. The Cr(VI) recovery is of interest in terms of both environmental
and economic effects.
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Fig.8 The effect of contact time on the removal efficiency {C,=50 ppm, V=50 mL and m=0.2 g}. a
PANI/HY/5TiO,, b PANI/HY/10TiO, and ¢ PANI/HY/20TiO,
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Effect of pH

The pH is a crucial parameter in the adsorption and its effect was studied in the
range (2 — 12) at 30 °C for initial Cr(VI) concentration (C,) of 50 mg/L on PANI/
HY/5TiO,; the results are shown in Fig. 9. It was observed that the pH strongly
affects the uptake capacity of the adsorbent for Cr(VI) and the uptake capacity
increases with augmenting pH, and peaks at pH 7.3 with an abatement of 99.7%,
it decreases with increasing pH to 12. This is explained by attractive electrostatic
forces between the negative charges of the catalyst surface and Cr(VI), which
leads to better adsorption, thus favoring its elimination.

Effect of initial Cr(VI) concentration (C,)

The effect of the initial Cr(VI) concentration (C,) on the removal efficiency was
studied in the range (10-100 ppm). At optimum pH and contact time, 0.2 g of
PANI/HY/5TiO, was added to 100 mL of Cr(VI) solution at various concentra-
tions. The results (Fig. 10) show that with increasing C,, the amount of adsorbed
Cr(VI) increases at equilibrium, a behavior due to the available adsorption sites,
higher than the Cr(VI) in solution keeping in mind the high active surface area
(~100 m?> g71).

The adsorption capacity was found to increase with augmenting C,. Higher
concentrations provide increased driving force to overcome the mass transfer
resistance of Cr(VI) between the aqueous and solid phases resulting in a higher
probability of collision between Cr(VI) ions and sorbents. This suggests that the
adsorption on PANI/HY/5TiO, shows strong adsorbate—adsorbent interactions.

100 4 .

95

Removal Efficiency %
-

30 + ]

T v T Y T
2 4 6

pH

o -
(=]
(5]

Fig.9 Effect of pH on adsorption capacity of PANI/HY/5TiO, for Cr(VI) {C,=50 ppm, V=50 mL and
m=0.2g}
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Fig. 10 The effect of initial Cr(VI) concentration (C,) on the adsorption capacity {V=50 mL and
m=0.2 g and time 15 min}

Effect of PANI/HY/5TiO, dose

The effect of sorbent dose was also investigated and different amounts (0.1-0.5 g)
of sorbent were suspended in 50 mL Cr(VI) solution (50 ppm) under opti-
mized conditions. It was observed that the adsorption percentage of Cr(VI) onto
PANI/HY/5TiO, increases rapidly with increasing the adsorbent concentration
(Fig. 11). This result is expected because the increase in adsorbent dose leads to
greater surface area with more adsorption sites.

\

Chromuim ads orption
(mg of chromuim /g of nanocomposite)

0.1 0.2 0.3 0.4 0.5
PANI/HY/5Tio, Weight (g)

Fig. 11 Effect of amount of PANI/HY/5TiO, on the removal efficiency {C,=50 ppm, V = 50 ml and
contact time 15 min}
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Fig. 12 Freundlich sorption isotherm {C,=50 ppm V=50 mL and contact time =15 min}
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Fig. 13 Langmuir sorption isotherm { V=50 ml and contact time =15 min}

Effect of Cr(VI) concentration

The experimental results obtained at various concentrations show that the adsorp-
tion on the PANI/HY/5TiO, nanocomposite follows the Langmuir isotherm better
than Freundlich one (Figs. 12 and 13). This isotherm is valid for monolayer adsorp-
tion onto a surface containing a finite number of identical sites.

The effect of Cr(VI) concentration on the uptake behavior of the PANI/HY/5TiO,
nanocomposites was studied in the concentration range (10-100 ppm) (Fig. 12).
Increasing the concentration enhances the percentage of loading. The adsorption
coefficient K4 of the composite for the Cr(VI) adsorption was computed from the
Freundlich adsorption isotherm. Both isotherms (Langmuir and Freundlich) are rep-
resented by Eqgs. (4) and (5), respectively [52].
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& = L + LC (4)
9. Oyb QO ¢
Ing, = InK, + ilnC
4de = F np e (5)
1
R, =—"—
LT 46, ©®

where C, is the equilibrium Cr(VI) concentration and g, the amount of Cr(VI)
adsorbed at equilibrium (mg/g). The constant Q, (mg/g) represents the monolayer
adsorption capacity and b (L/mg) relates the adsorption heat.

R; lies between 0 and 1 (Eq. 6) while the positive constant b indicates that the
adsorption of Cr(VI) onto PANI/HY/5TiO, is favorable and the Langmuir model
is suitable for fitting the experimental data. All R; values obtained for Cr(VI)
adsorption are between 0 and 1, indicating a favorable adsorption. ny is an empir-
ical parameter related to the intensity of adsorption, which varies with the het-
erogeneity of the adsorbent and values in the range (1-10), indicating a favorable
adsorption [53-56].

The Freundlich isotherm is an indication of the surface heterogeneity of the
adsorbent and is responsible for multilayer adsorption due to the presence of
energetically heterogeneous adsorption sites. Greater the np value, better is the
favorability of adsorption; the values of adsorbents are shown in Table 1.

Thermodynamic study

In order to evaluate the thermodynamic parameters for the adsorption of Cr(VI)
onto PANI/HY/5TiO,, the tests were carried out at three temperatures (299, 323
and 373 K). The standard free energy (AG®) is the fundamental criterion of spon-
taneity, determined from the equilibrium constant (K,):

AG°® = —RTLnK, )

where R is the universal gas constant (8.314 J mol™! K™!) and T the absolute tem-
perature. The thermodynamic functions namely the standard enthalpy (AH°) and
standard entropy (ASe) were determined from 399 to 373 K, using the relation:

Table 1 Adsorption isotherm

X X Langmuir constants Freundlich constants

for Cr(VI) removal adsorption

onto the PANI/HY/5TiO, Q. (mg/g) b(L/mg) R R, Ky (mglg) 1/n R?
454.54 0.0108 0.999 0.65 2957 0.5215 0.998

*The R value was obtained for the initial Cr (VI) concentration (C,)
of 50 mg/L
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Fig. 14 Plot of Ln Kc versus 1/7T for Cr(VI) adsorption onto PANI/HY/5TiO,
Table 2 Thermodynamic data for Cr(VI) adsorption onto PANI/HY/5TiO,
Temperature (K) AG° (kJ/mol) AH° (kJ/mol) AS° (J/mol K) R?
299 —11.186 12.478 79.2315 0.999
323 —13.158
373 —17.056
AS"  AH°
LnkK, == - =2 (8)
R RT

AH° and AS° are obtained from the slope and intercept of the linear plot of LnK,
versus 1/T (Fig. 14). The positive enthalpy AH° indicates an endothermic Cr(VI)
adsorption on PANI/HY/5TiO, while the negative value of AG-° reflects the feasibil-
ity and spontaneity of the adsorption and becomes more negative with increase in

temperature.

AH®° gives also information about the type of adsorption, i.e., physical
(2-21 kJ mol™"), chemical (21-418 kJ mol™") or physical—chemical [57, 58]. AH® for
Cr(VI) adsorption onto PANI/HY/5TiO, was found to be 12.48 kJ mol™! (Table 2),
indicating the physical adsorption. This facilitates desorption for subsequent Cr(VI)
removal cycles. Otherwise, the positive entropy (79.2315 J K~! mol™!) indicates an
increase in randomness at the solid—solute interface during the adsorption [59, 60].
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Conclusion

PANI/HY/TiO, nanocomposite was prepared by in situ polymerization method and
the effect of acid solid (zeolite HY) with doped polyaniline is remarkable in the
electrical conductivity. The interaction between PANI, zeolite HY and TiO, (anatase
polymorph) was confirmed by FT-IR spectroscopy and XRD analysis, the latter
showed nanosize range of PANI/HY/TiO,.

The adsorption of PANI/HY/TiO, nanocomposite was successfully tested for
the removal of chromate, a hazardous ion. The adsorption capacity onto PANI/
HY/5TiO, nanocomposite increases with increasing the initial Cr(VI) concentration
due to a high active surface area. The maximum adsorption capacity is found to be
454.54 mg/g at pH 7.3 and it is well classified than most reported polymer-based
materials. The experimental isotherms were successfully fitted to the Langmuir iso-
therm model. The standard enthalpy change (AH®°) and incomplete desorption sug-
gested a physical Cr(VI) adsorption, facilitating the recovery of PANI/HY/TiO2 for
further adsorption cycles.
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