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Abstract Glassy titanium tellurate, TiIO(HTeO,),.3.99H,0 (TiTe), Glassy zirconium tellurate, ZrO(HTeO,),. 3.35H,0
(ZrTe) and nano fibrous cerium phosphate, Ce(HPOy),.2.9H,0(nCePy), were prepared and characterized by chemical, XRD,
TGA, FT-IR and SEM. Mixing slurry aqueous solutions of TiTe-, ZrTe with slurry aqueous solution of nCePs (in 25:75
wt/wt% mixing ratios), respectively, lead to formation of novel titanium tellurate/ fibrous cerium phosphate, zirconium
tellurate/fibrous cerium phosphate nanocomposite membranes, [TiIO(HTeO4),]25[ Ce(HPO,),]o.75 -1.75 H,O, (TiTe-nCePy),
and [ZrO(HTeO,),]o2s [Ce(HPO,),]o.75.2.11H,O(ZrTe-nCePy), respectively. They were characterized by XRD TGA and
FT-IR. Their /polyaniline-, polyindole-, polypyrrole-, polyaniline—co-polyindole-, polyaniline-co-polypyrrole
nanocomposite membranes were prepared via in-situ chemical oxidation of the monomers aniline, indole, pyrrole and
(1:1moler ratio) of co-monomers aniline-indole, aniline- pyrrole, respectively, that was promoted by the reduction of Ce(iv)
ions present in the inorganic matrix of (TiTe-nCeP; and ZrTe-nCePs) nanocomposite membranes, respectively. A possible
explanation is nCeP; present on the surface of the fibrous cerium phosphate membrane is attacked by the monomers, and the
co-monomers, respectively, converted to cerium (III) orthophosphate (CePO,). The resultant materials were characterized by
elemental (C,H,N) analysis, FT-IR, and scanning electron microscopy(SEM). From elemental (C,H,N) analysis the amount
of organic materials present in (TiTe-nCePy)/polyaniline-, polyindole-, polypyrrole composites were (14.88, 11.87, 10.73 %
in wt), respectively. The amount of organic materials present in (ZrTe-nCePy)/Polyaniline-, polyindole-, polypyrrole
composites (22.8, 5.52, 7.58 % in Wt), respectively. Organic material present in composite (TiTe-nCePy)/
polyaniline-co-polyindole were (Pani 9.92, PIn 10.43 % in wt). Amount of organic material in composite (TiTe-nCePy)/
polyaniline-co-polypyrrole were (Pani 9.55, PPy 5.1 % in wt). Amount of organic materials in composite (ZrTe-nCePy)/
polyaniline-co-polyindole were (Pani 7.15, PIn 10.76 % in wt), for composite (ZrTe-nCePy)/ polyaniline-co-polypyrrole
(Pani 16.24, PPy 4.68 % in wt). These composites can be considered as novel conducting inorganic-organic composites, ion
exchangers, solid acid catalysts and sensors.

Keywords Glassy titanium-, Zirconium tellurates -cerium phosphate nanocomposites, Polyaniline, Poly indole,
Polypyrrole, Copolymers nanocomposites

properties of polymers with the electronic properties of

1. Introduction

Conducting polymers are a novel class of synthetic metals
that combine the chemical, electrochemical and mechanical
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metals and semiconductor, generated tremendous interest
due to their potential applications in various fields such as
rechargeable batteries, electrochromic display devices,
separation membranes, sensors and anticorrosive coatings on
metals [1-11].

Conducting polymers containing nitrogen atoms such as
polyaniline, polypyrrole, and polyindole and their
substituted derivatives, belonging to the fused-ring family,
have received increasing attention in various fields due to
their unique physical, electrical and chemical properties
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[1-10]. These materials have an important influence on
electrochromic device, sensors, catalysis, anticorrosion.
Their electrical and electrochemical properties, owns
advantages fairly good thermal stability show great promise
for commercial applications [12-17].

Among conductive polymers, polyaniline (Pani) has
attracted considerable attention, widely studied, because of
its ease of preparation, low cost of monomer, good
environmental stability, good conductivity control through
doping as well as a good control of oxidation level. All these
properties give Pani the potential for wide applications
[17-21]. It can effectively be used as opto-electronic sensors
[22-25], conductive paints and adhesive [26-28]. Pani has
also good power and energy density, so it has been analysed
for the development of new super capacitor materials
[29-32].

Polypyrrole (PPy) also has attracted considerable attention,
widely considered conducting polymer and the most used
polymer in commercial application. It shows good long term
stability of its electric conductivity [8, 9, 11, 15, 33-37].

Polyindole is an electro active polymer, owns advantages
especially fairly good thermal stability [38, 39]. Some
studies shows polyindole has similar properties like
polyaniline, based on their high conductance and good
environmental stability [40-44].

Inorganic layered nanomaterials are receiving great
attention because of their size, structure, and possible
biochemical applications [45, 46], that have been proven to
be good carriers for organic polar molecules. Examples of
these are zirconium phosphates, Zr(HPO,),'nH,O(ZrP),
(where n=1-5) which are inorganic cation exchange
materials with high thermal stability, solid-state ion
conductivity, resistance to ionizing radiation, and which are
known as hosts capable of incorporating different types and
sizes of guest molecules [46].

Crystalline cerium phosphates have been studied for a
long time as ion exchangers, their structures remains
unknown until recently [47-49]. The reason is that, the
composition, the structure and the degree of crystallinity of
their precipitates results from reaction of solutions
containing a Ce(iv) salt which is mixed with a solution of
phosphoric acid of [(PO,4)/Ce(iv) ratio], strongly depend on
the experimental conditions such as rate and order of mixing
of the solutions, stirring, temperature and digestion time, this
also implemented on fibrous cerium phosphate [50]. To date,
most of the work on fibrous cerium phosphate was carried
out on its ion exchange [51], intercalation [52] and electrical
conductance properties [53].

Organic-inorganic nanocomposite membranes have
gained great attention recently [54, 55]. The composite
material may combine the advantage of each material, for
instance, flexibility, processability of polymers and the
selectivity and thermal stability of the inorganic filler
[54-59].

In our Ilaboratory, we are carrying systematic
investigations on novel tetravalent metal phosphates and
tetravalent metal tellurates /organic conducting polymers

nanocomposite membranes. Fibrous cerium phosphate/
polybenzimidazole-, polyindole-, polyaniline
nanocomposite membranes were reported [60-62].

The present study describes the preparation and
characterization  of novel conductive  polymers
nanocomposite membranes of fibrous cerium phosphate Ti-,
Zr tellurates / polyaniline-, polyindole-, polypyrrole and their
copolymers.

2. Materials and Methods

2.1. Chemicals

Ce(S04),.4H,0 of (Merck), ZrOCl,.8H,0O, TiCl,, of
(BDH), telluric acid (TeH,04).2H,0 of (Fluka), HF (40%) of
Reidel-Dehaen, aniline (99.5%) of (Mindex UK) indole of
(PARK), pyrrole of (Aldrich), Other reagents used were of
analytical grade.

2.2. Instruments Used for Characterization

X-Ray powder diffractometry Siemens D-500, using
Ni-filtered CuKa (A=1.54056A), TG/DTA SIIExtra6000,
CHN-Elemental analyzer, Vario Elemental-German, Fourier
Transform IR spectrometer, model FT/IR-6100, Scanning
electron microscopy (SEM) Jeol SMJ Sm 5610 LV. and pH
Meter WGW 52.

2.3. Preparation of Nanofibrous Cerium Phosphate
Membrane, Ce(HPO,),.2.9H,0 (nCePy)

Nanofibrous cerium phosphate membrane was prepared
from adding 250 ml of 0.05M CeS0,.4H,0 in 0.5 M H,SO,
solution, drop wise, to 250 ml of 6 M H;PO, at ~ 80°C with
stirring. After complete addition the resultant material left to
digest at that temperature for 4h. To that 750 ml of hot
distilled water, (~60°C), was added with stirring for 1h. The
resultant slurry aqueous solution of nanofibrous cerium
phosphate was kept. The sheet form of nanofibrous cerium
phosphate membrane can be obtained by filtration of the
resultant slurry aqueous solution on Buchner funnel.

2.4. Preparation of Glassy Titanium Tellurate

3.5g telluric acid was dissolved in 50 ml distilled water at
55 °C. To that 25ml of 0.5M TiCl, in 4M HCI were added
with stirring, the stirring was continued for one hour. After
that 5SM NaOH solution was added gradually with stirring, up
to pH about 2.5. The resultant gel was left to digest in mother
liquor for 48h, then filtered, washed with distilled water up
to pH=3, and dried at 60°C, then water cracked. Glassy
titanium tellurate was obtained on filtration, left to dry in air.
Found to be TiO(HTeOy,),.3.99H,0, designated as TiTe.

2.5. Preparation of Glassy Zirconium Tellurate

6g telluric acid was dissolved in 50 ml distilled water at
55°C. To that an aqueous solution of 4g ZrOCl,.8H,0 in
25ml H,O was added with stirring, the stirring was continued
for three hours. The resultant gel was left to digest in mother
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liquor for 48h, then filtered, washed with distilled water up
to pH=3, and dried at 60°C, then water cracked. Glassy
zirconium tellurate was obtained on filtration, left to dry in
air. Found to be ZrO(HTeO,),. 3.35H,0, designated as ZrTe.

2.6. Preparation of Glassy Titanium Tellurate -fibrous
Cerium Phosphate Nanocomposite Membrane
(TiTe-nCePy)

525ml of slurry cerium phosphate (2.1g nCePy) were
added to 0.7g of glassy titanium tellurate at 45°C with
stirring for 3hours. The mixture were left at room
temperature for 24 hours. The contents were stirred for an
hour, filtered on Buchner funnel then washed with distilled
water. The resultant sheet left to dry in air.

2.7. Preparation of Glassy Zirconium Tellurate -fibrous
Cerium Phosphate Nanocomposite Membrane
(ZrTe-nCePy)

525ml of slurry cerium phosphate (2.1g nCePy) were
added to 0.7g of glassy zirconium tellurate at 45°C with
stirring for 3hours. The resultant mixture left at room
temperature for 24 hours. The contents were stirred for an

hour, filtered on Buchner funnel, washed with distilled water.

The resultant sheet left to dry in air.

2.8. (TiTe-nCeP() Nanocomposite Membrane Self
Support Polymerization of Aniline, Indole, and
Pyrrole

2.8.1. Polymerization of Aniline

0.2g of TiTe-nCePssheet was immersed in 10ml of 4%
aniline in ethanol, left at room temperature for 48h. The
impregnated sheet was removed, washed with distilled water
and ethanol and left to dry in air. The colour of the resultant
product was dark green.

2.8.2. Polymerization of Indole

0.2g of TiTe-nCeP;sheet was immersed in 12 ml of 4%
indole in ethanol, left at room temperature for 48h. The
impregnated sheet was removed, washed with distilled water
and ethanol and left to dry in air. The colour of the resultant
product was brown.

2.8.3. Polymerization of Pyrrole

0.2g of TiTe-nCeP¢sheet was immersed in 7.5 ml of 4%
pyrrole in ethanol, left at room temperature for 48h. The
impregnated sheet was removed, washed with distilled water
and ethanol and left to dry in air. The colour of the resultant
product was black.

2.9. (ZrTe-nCePy) Nanocomposite Membrane Self
Support Polymerization of Aniline, Indole, and
Pyrrole

2.9.1. Preparation of (ZrTe-nCePy) / Polyaniline, Polyindole
and Polypyrrole Composites, Respectively

Implementation similar experimental parameters showed
above, polymerization of aniline, indole and pyrrole was
carried out by immersing 0.2g of ZrTe-nCeP; nanocomposite
sheet into (4% solutions of 10ml aniline, 12ml indole and
7.5ml pyrrole), respectively. The colors of the resultant
products were, dark green, brown, and black, respectively.

2.10. (TiTe-nCeP;) Nanocomposite Membrane Self
Support Polymerization of Co-monomers
Aniline-indole, and Aniline-pyrrole

2.10.1. Preparation of (TiTe-nCePy) / Polyaniline-co-
polyindole Composite

0.270g of TiTe-nCeP¢sheet was immersed in a mixture of
Sml of 4% aniline and 6 ml 4% indole in ethanol, left at room
temperature for 48h. The impregnated sheet was removed,
washed with distilled water and ethanol and left to dry in air.
The colour of the resultant product was green.

2.10.2. Preparation of (TiTe-nCePy) /
Polyaniline-co-polypyrrole Composite

0.275g of TiTe-nCePs sheet was immersed in a mixture of
Sml of 4% aniline and 3.75 ml 4% pyrrole in ethanol, left at
room temperature for 48h. The impregnated sheet was
removed, washed with distilled water and ethanol and left to
dry in air. The colour of the resultant product was
blackish-green.

2.10.3. Preparation of (ZrTe-nCePy) /
Polyaniline-co-polyindole Composite

0.30g of ZrTe-nCePs sheet was immersed in a mixture of
S5ml of 4% aniline and 6 ml 4% indole in ethanol, left at room
temperature for 48h. The impregnated sheet was removed,
washed with distilled water and ethanol and left to dry in air.
The colour of the resultant product was green.

2.10.4. Preparation of (ZrTe-nCePy) /
Polyaniline-co-polypyrrole Composite

0.34g of TiTe-nCeP¢sheet was immersed in a mixture of
5ml of 4% aniline and 3.75 ml 4% pyrrole in ethanol, left at
room temperature for 48h. The impregnated sheet was
removed, washed with distilled water and ethanol and left to
dry in air. The colour of the resultant product was
blackish-green.

2.11. Ion Exchange Capacity

The ion exchange capacity of nanosized fibrous cerium(iv)
phosphate, Ce(HPO,),.2.9H,0 was determined by addition
of 25 ml of 0.1M NacCl solution to 100 mg of nCePy, with
stirring for one hour, then titrated with 0.1 M NaOH solution.

2.12. Estimation of Water of Hydration of (TiTe-nCePy)
and (ZrTe-nCeP;) Nano Composite Membranes

100mg of (TiTe-nCePy), or (ZrTe-nCePy), was heated at
150°C for 1 hour. The % weight loss was calculated, which is
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related to the loss of water of hydration, found to be 8.81%
and 10.0 %, respectively.

2.13. Separation of Polymers from Composites via HF
Solution

To 0.1g of TiTe-, ZrTe- nCeP; / conductive polymer
nanocomposite membrane in plastic container, 10 ml of 6M
HF solution was added, subjected to stirring for 24h. The
remaining material, the polymer, was collected by filtration,
washed with distilled water, acetone and ethanol and allowed
to dry in air.

3. Results and Discussion

Nanofibrous cerium phosphate membrane,
Ce(HPO,),.2.9H,0 (nCePy ), was prepared and characterized
by chemical, XRD, TGA, FT-IR and SEM.

3.1. XRD

XRD of (nCePy) is shown in Figure 1, with dgo; = 10.89A.
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Figure 1. XRD of (nCePy)

3.2. TGA

Thermogram of (nCePy ) is shown in Figure 2. The thermal
decomposition occurs in continuous process, The thermal
analysis was carried out at temperatures between 10-775°C,
the final product was CeP,0;. Loss of water of hydration
occurs between 60-200°C, followed by POH groups
condensation. The total weight loss found to be equal to
19.09%.
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Figure 2. TGA of (nCePy)

3.3.FT-IR

Figure 3 shows FT-IR spectrum of fibrous
Ce(HPO,),.2.9H,0, with a trend similar to that of M(IV)
phosphates. It consists of broad band centered at 3350cm™ is
due to OH groups symmetric stretching of H,O, small sharp
band at 1628cm™ is related to H-O-H bending, and sharp
broad band centered at 1045cm™ is corresponds to phosphate
groups vibration The bands at the region 630-450 cm™ are
ascribe the presence of d(PO,).
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Figure 3. FT-IR of (nCePy)

3.4.SEM

SEM morphology image of the nanosized fibrous cerium
phosphate (nCePy) is shown in Fig. 4. The photograph shows
its average size is ~20.5 nm.

Figure 4. SEM morphology image of (nCePy)

Glassy titanium tellurate and zirconium tellurate,
TiO(HTeO4),.3.99H,0, ZrO(HTeO4),.3.35H,0,
respectively, were prepared and characterized, found to be
similar to that reported by Shakshooki etal [63].

3.5. XRD of Glassy Titanium-, Zirconium Tellurates

Figure 5 shows typical XRD spectrum of the glassy
(M"Te), shows amorphous trend, (M= Ti, Zr).
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Figure 5. Typical XRD of glassy (M" Te)

3.6. FT-IR Spectrum of Glassy Zirconium-, Titanium
Tellurates

Figure 6 shows FT-IR spectrum of glassy
ZrO(HTeOy),.3.35H,0, represents typical FT-IR spectra of
MY tellurates, exhibit broad band centered at 3300 cm’
corresponds to OH-symmetric and asymmetric stretching.
Medium band at1625 cm™ attributed to H-O-H bending,
Band at 750 cm™ can be attributed to Te-OH, HTeO,, band at
500 cm™ is related to Te-O bond [63].

Figure 7 shows FT-IR spectra of TiO(HTeO,4),3.99H,0
found to follow similar FT-IR spectrum trend of glassy
M"VTe [63].
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Figure 6. FT-IR of ZrO(HTeO,),3.35H,0
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Figure 7. FT-IR of TiO(HTeO,),.3.99H,0

3.7. Thermal Behavior (TG/DTA) of the Glassy
Zirconium-, Titanium Tellurates

Thermal analysis, TGA, is a good tool for characterization
of tetravalent metal phosphates and tetravalent metal
tellurates [63]. Figures (8,9) show the thermogram,
TGA/DTA, of the resultant glassy zirconium-, titanium
tellurates. TG/DTA of glassy zirconium tellurate is given in
Figure 8, indicates endothermic process accompanied with
weight loss. The final product was ZrO,. Te,O4. The total
weight loss found to be 19.96%, accordingly it was
formulated as ZrO(HTeOy),.3.35H,0.

TG/DTA of glassy titanium tellurate is given in Figure 9,
indicates endothermic process accompanied with weight loss.
The final product was TiO,. Te,Og. The total weight loss
found to be 20.962%, accordingly it was formulated as
TiO(HTeO4),.3.99H,0.

Schematic representation of thermal behavior of glassy
M" Tellurates, where M=Zr,Ti.
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Figure 9. TG/DTA of glassy TiO(HTeO,),.3.99H,0

Novel glassy titanium-, zirconium tellurates - fibrous
cerium phosphate nanocomposite membranes,
[TiO(HT€O4)2]Q.25 [CC(HPO4)2]0'75. 175H20 (TiTe—nCePf),
[ZTO(HT€O4)2]O‘25 [CC(HPO4)2]0'75.2.1 1H20(ZI‘TC-DCCPf),
respectively, were prepared and characterized.
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3.8. (TiTe-nCePy)/ polyaniline-/ polyindole-/ polypyrrole
Nanocomposite Membranes

On immersing of [TiO(HTeO4)]o2s
[Ce(HPOy4)s]0.75.1.75H,0  nanocomposite membrane in
ethanol solutions of aniline, indole, and pyrrole, respectively,
the color of self supported sheet gradually changes with time
to dark green, brown and black, respectively. A possible
explanation is that polymerization of monomers were
promoted by the reduction nCeP; present on the surface of
the fiber cerium phosphate is attacked by monomers,
converted to cerium (III) orthophosphate (CePOy).
Self-supported sheet integrity was preserved.

The resultant materials were characterized by elemental
(C,H,N) analysis, FT-IR, and scanning electron microscopy
(SEM). From elemental (C,H,N) analysis the amount of
organic materials present in (TiTe-nCePy)/ polyaniline-,
polyindole-, polypyrrole composites were (14.88, 11.87,
10.73 % in wt), respectively.

3.9. (ZrTe-nCePy)/ polyaniline-/ polyindole-/ polypyrrole
Nanocomposite Membranes

On immersing of [ZI‘O(HTGO4)]0,25 [Ce(HPO4)2]0_75.
1.75H,0 nanocomposite membrane in ethanol solutions of
aniline, indole and pyrrole, respectively, the color of self
supported sheet gradually changes with time to dark green,
brown and black, respectively. A possible explanation is that
polymerization of monomers were promoted by the
reduction nCeP¢present on the surface of the fiber cerium
phosphate is attacked by the monomers, converted to cerium
(ITI) orthophosphate (CePOy,). Self-supported sheet integrity
was preserved.

The resultant materials were characterized by elemental
(C,H,N) analysis, FT-IR, and scanning electron microscopy
(SEM). From elemental (C,H,N) analysis the amount of
organic materials present in (ZrTe-nCePg)/ polyaniline-,
polyindole-, polypyrrole composites were (22.8, 5.52, 7.58%
in wt), respectively.

3.10. SEM Morphology Images of (TiTe-nCePy)
/polyaniline-/polyindole-/ polypyrrole\ nano
Composite Membranes

SEM morphology images of the resultant (TiTe-nCePy)/
conductive polymers are shown in Figures (10-12),
respectively, reveal a distribution of the polymer on the
inorganic matrix (TiTe-nCePy).

3.11. SEM Morphology Images of
(ZrTe-nCePy)/polyaniline-/polyindole-/ polypyrrole
Nanocomposite Membranes

SEM morphology images of the resultant (ZrTe-nCePy)/
conductive polymers are shown in Figures (13-15),
respectively, reveal a distribution of the polymer on the
inorganic matrix (ZrTe-nCePy).
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3.12. FT-IR Spectra of Resultant Conductive Polymers
Composites

FT-IR spectroscopy became a key tool to investigate
structure of conductive polymers and their composites.

Figure 16(a,b,c) show FT-IR spectra of (TiTe-nCePy)/
polyaniline-,  polyindole-,  polypyrrole = composites,
respectively. Small sharp band at 1600 cm™ is related to
H-O-H bending, and broad band centered at 988- or at 1000
em™ is corresponds to phosphate groups vibration, small
sharp at 750 cm™ may attribute to HTeO,, TiOH groups
vibration. The band in the range 2000-1200 cm™ corresponds
to C-C bonds C-H (aromatic) stretching, C=C stretching.

C-N stretching.
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Figure 17(a,b,c). FT-IR spectra of(ZrTe—nCePf)/ polyaniline—,polyindole—,
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Figure 15. SEM morphology image of (ZrTe-nCePy)/ polypyrrole .
composite Flgu.rg 17(a,b,c) s.how FT-IR spectra of (ZrTe—nCe?Pf)/
polyaniline-,  polyindole-,  polpyrrole,-  composites,
respectively. The resultant FT-IR spectra follow almost same
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trend. Intensity and shifting of certain bands may attributed
to nature of the resultant conductive polymer. Bands, arise
from broad band at 3342 cm’, is due to OH groups
symmetric stretching of H,O while the band at 3196 cm™ is
related to N—H stretching. Small sharp band at 1600 cm™ is
related to H-O-H bending, and broad band centered at 1000
em’ is corresponds to phosphate groups vibration, small
sharp band at 750 cm™ may attribute to HTeO,, TiOH groups
vibration. The bands in the range 2196 - 1200 cm’
corresponds to C-H stretching, C-C bonds C-H (aromatic)
stretching, C=C stretching, C-N stretching.

3.13. (TiTe-nCePy)/ polyaniline-copolyindole Composite

When TiTe-nCeP; sheet was immersed in solution of
mixture of aniline: indole(1:1), the resultant product was
(TiTe-nCePf)/ polyindole-co-polyaniline composite. It was
characterized by elemental (C, H, N) analysis, SEM and
FT-IR spectroscopy. From elementals (C, H, N) analysis.
The amount of organic material found to be (Pani =9.92, PIn
=10.43 % in wt). The color of the product was green.

3.13.1. SEM of (TiTe-nCePy)/ polyaniline-co -polyindole
Composite

Figure (18) shows SEM image of (TiTe-nCePy) /
polyaniline-co-polyindole composite, reveal a distribution of
the copolymer on the inorganic matrix
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Figure 18.
composite

SEM image of (TiTe-nCePf)/ polyaniline-co-polyindole

3.13.2. FTIR of (TiTe-nCePf) / polyaniline-co-polyindole
Composite

Figure (19) shows FT-IR spectrum (TiTe-nCePf) /
polyaniline-co-polyindole composite. Band at at 2375 cm™
corresponds to C-H stretching, band at 2924 cm’
corresponds to C-H bonds, The presence of bands in the
range of 2016- 1492 cm™' correspond to stretching C-C bonds
characteristic of indole unites, C-H (aromatic) stretching,
C=C stretching (between two indole units) and depicts the
presence of benzenoid rings also C=C stretching vibration of
benzenoid ring. Broad (doublet) band at range 1061-970 cm™

corresponds to phosphate groups vibration, band at 741 cm™
may attribute to HTeO,4, TiOH groups vibration.
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Figure 19.
composite

FT-IR spectrum (TiTe-nCePf) / polyaniline-co-polyindole

3.14. (TiTe-nCePf)/ polyaniline-co-polypyrrole
Composite

When TiTe-nCeP; sheet was immersed in solution of
mixture of aniline: polypyrrole(1:1), the resultant product
was (TiTe-nCePf)/ polyaniline-co-polypyrrole composite. It
was characterized by elemental (C, H, N) analysis, SEM and
FT-IR spectroscopy. From elemental (C, H, N) analysis. The
amount of organic materials found to be (Pani = 16.24, PPy =
4.68 % in wt). The color of the product wasblackish green.

3.14.1. SEM of (TiTe-nCePf)/polyaniline-co -polypyrrole
Composite

Figure (20) shows SEM image of (TiTe-nCePf) /
polyaniline-co-polypyrrole composite, reveal a distribution
of the copolymer on the inorganic matrix.

\

) > i
HV [EL] det | HFW [spot| WD | 10 ym ——
10.00 kV |10 000 x| LFD 29.8 ym| 4.0 [9.9 mm | EMRA
Figure 20.
composite

SEM image of (TiTe-nCePf)/ polyaniline-co-polypyrrole

3.14.2. FTIR of (TiTe-nCePf) / polyaniline-co-polypyrrole
Composite

Figure (21) shows FT-IR spectrum (TiTe-nCePf) /
polyaniline-co-polypyrrole composite. The spectrum shows
broad band in the range 3675-2400 cm™ centered at 3025
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cm’ can be considered for OH groups symmetric stretching
of H,O and also related to N-H stretching. Bands at 2375 and
at 2121 cm™ corresponds to C-H stretching., The presence of
bands in the range of 1800- 1494 cm™ correspond to
stretching C-C bonds characteristic of indole unites, C-H
(aromatic) stretching, C=C stretching (between two indole
units) and depicts the presence of benzenoid rings also C=C
stretching vibration of benzenoid ring. Broad centered at 995
cm corresponds to phosphate groups vibration, band at 751
cm’' may attribute to HTeO,, Ti-OH groups vibration.
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Figure 21. FTIR spectrum of (TiTe-nCePf) / polyaniline-co-polypyrrole
composite

3.15. (ZrTe-nCePf)/polyaniline-co-polyindole Composite

When ZrTe-nCeP; sheet was immersed in solution of
mixture of aniline: polypyrrole(1:1), the resultant product
was (TiTe-nCePf)/ polyaniline-co-polypyrrole composite. It
was characterized by elemental (C, H, N) analysis, SEM and
FT-IR spectroscopy. From elemental (C, H, N) analysis. The
amount of organic material found to be (Pani = 9.55, PPy =
5.1% in wt). The color of the product was blackish green.

3.15.1. SEM of (ZrTe-nCePf)/polyaniline -co-polyindole
Composite

Figure (22) shows SEM image of (TiTe-nCePf) /
polyaniline-co-polyindole composite, reveal a distribution of
the copolymer on the inorganic matrix.
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Figure 22.
composite

3.15.2. FT-IR Spectrum of (ZrTe-nCePf) /
polyaniline-co-polyindole Composite

Figure (23) shows FT-IR spectrum (ZrTe-nCePf) /
polyaniline-co-polyindole composite. Band at 2335 cm’
corresponds to C-H stretching., The presence of bands in the
range of 2016-1300 cm™ correspond to stretching C-C bonds
characteristic of indole unites, C-H (aromatic) stretching,
C=C stretching (between two indole units) and depicts the
presence of benzenoid rings also C=C stretching vibration of
benzenoid ring. Broad centered at 995 cm™ corresponds to
phosphate groups vibration, band at 751 cm™ may attribute to
HTeO,, Zr-OH groups vibration.
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Figure 23. FTIR of (ZrTe-nCePf) / polyaniline-co-polyindole composite

3.16. (ZrTe-nCePf)/polyaniline-co-polypyrrole
Composite

When ZrTe-nCeP¢ sheet was immersed in solution of
mixture of aniline: polypyrrole(1:1), the resultant product
was (TiTe-nCePf)/ polyaniline-co-polypyrrole composite. It
was characterized by elemental (C, H, N) analysis, SEM and
FT-IR spectroscopy. From elemental (C, H, N) analysis. The
amount of organic materials found to be polypyrrole (Pani =
16.24, PPy = 4.68 % in wt). The color of the product was
blackish green.

3.16.1. SEM of (ZrTe-nCePf)/ polyaniline -co-polypyrrole
Composite
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SEM image of (ZrTe-nCePf)/ polyaniline-co-polypyrrole

Figure 24.
composite
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Figure 24) shows SEM image of
(TiTe-nCePf)/polyaniline-co-polypyrrole  com  -posite,
reveal a distribution of the copolymer on the inorganic
matrix.

3.16.2. FT-IR Spectrum of (ZrTe-nCePf) /
polyaniline-co-polypyrrole Composite

Figure (25) shows FT-IR spectrum (ZrTe-nCePf) /
polyaniline-co-polyindole composite. Bands at .2349, 2120
cm™ corresponds to C-H stretching., The presence of bands
in the range of 2000-1404 cm™ correspond to stretching C-C
bonds characteristic of indole unites, C-H (aromatic)
stretching, C=C stretching (between two indole units) and
depicts the presence of benzenoid rings also C=C stretching
vibration of benzenoid ring. Broad centered at 984 cm’
corresponds to phosphate groups vibration, band at 740 cm™
may attribute to HTeO,, Zr-OH groups vibration.
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Figure 25. FT-IR spectrum of (ZrTe-nCePf) / polyaniline-co-polypyrrole
composite

4. Conclusions

Glassy titanium tellurate, TiIO(HTeO,),. 3.99 H,0 (TiTe),
Glassy zirconium tellurate, ZrO(HTeOQ,),. 3.35H,0 (ZrTe),
nanofibrous cerium phosphate, Ce(HPO,),. 2.9H,0 (nCePy)
and Their novel nanocomposite membranes
[TiO(HTeO4)2]0<25 [CG(HPO4)2]0,75. 175H20 (TiTe—nCePf),
[ZTO(HTCO4)2]0'25 [CG(HPO4)2]0'75. 2.1 leO (ZrTe—nCePf),
respectively, were prepared and characterized.

Their  /polyaniline-, polyindole-, polypyrrole-,
polyaniline—co-polyindole-, polyaniline-co- polypyrrole
nanocomposite membranes were prepared via in-situ
chemical oxidation of the monomers aniline, indole, pyrrole
and their co-monomers, that was promoted by the reduction
of Ce(iv) ions present in the inorganic matrix. The presence
of Ce(iv) ions allows redox reactions necessary to oxidative
polymerization to occur. A possible explanation is that
polymerization of the copolymerization of the co-monomers
were promoted by the reduction of some of nCeP; present in
composite, that attacked by monomers, and the
co-monomers, respectively, converted to cerium(III)
orthophosphate (CePOy).

The formulation of the resultant conductive
nanocomposites was supported by elemental(C,H,N)
analysis, FT-IR spectra and SEM. Color changes supports
the formation of the resultant organic polymers composites.
We suggest self doping occurred on polymerization, which is
due to H' present in (=TeOH) groups.

The % in wt of polymer found to be in agreement with
the % in wt contents of that recovered from selected testing
experiments using HF solution. Beneficial properties of the
resultant nanocomposites can be considered these
composites as novel conducting inorganic-organic
composites, ion exchangers, solid acid catalyst and as
Sensors.
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