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Synthesis, characterization of carbon micro tube/tantalum oxide
composites and their photocatalytic activity under visible
irradiation¥

K. Chennakesavulu™™* and G. Ramanjaneya Reddy*

The carbon microtubes (CMTs) was synthesized by combustion of cotton fibers in open air atmosphere at optimized
temperature. The combustion of cotton fibers leads to the formation of CMTs by self rolling approach. Insitu synthesis of
CMT:Ta,0Os composite was done in alkaline ethanolic medium. The formation of CMTs and composites were characterized
by the RAMAN, DRS/UV-Visible, FTIR, XPS, XRD, BET, N-adsorption isotherms, FESEM/EDX, TEM/EDX and
Particle size analysis. The composites were effectively employed in the photo oxidation of xylenol orange (XO) and methyl
orange (MO). The composites catalytic activity and adsorbed dyes removal percentage were determined by the
spectrophotometric method. The CMT:Ta,0s composites ascertained higher photocatalytic activity due to the nascent
oxygen enhances the photcatalytic performance. The kinetic parameters obey pseudo-first order reaction, it may be due to
the constant amount of the catalyst and concentration of dye solution.The catalytic activity of the recycled composites was

compared with the fresh catalyst.

Introduction

Carbon microtubes are new form of carbon, in addition to more
conventional forms such as graphite, diamond, fullerenes,
carbon nanotubes (CNTs), carbon nanospheres, mesoporous
carbon, carbon micro coils and carbon nanofoams. The CNTs
are rolled graphene layers having diameter less than 1um. The
synthesis of CNTs and their are widely
investigated. But, the disadvantage of the CNTs is commercial
availability in large quantity in required diameter, dispersion,
solubility of the CNTs in medium. The
functionalization of CNTs with proteins, cells, inorganic

applications

aqueous

clusters also a tedious process. Inspite of more advantages of
CNTs, the development of carbon based inexpensive, stable,
efficient, band gap tunable surface active materials is still a
major challenge. The CMTs have hallow tubular structure with
diameter from 10 um to 150 pm.' The CMTs can act as another
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substituent to the CNTs. The CMTs synthesis and physio-
chemical characterization needs to be established. In 1960s first
the Roger Bacon from Union Carbide company reported the
formation of graphite whiskers during the pyrolysis of carbon
monoxide at 1800 °C.2* Microtubes can be applied in the fields
of gas sensors and microfluidics. The CNTs fabrication
methods such as arc discharge method and pulse laser ablation
cannot be used to fabricate the carbon micro tubes (CMTs). The
synthesis of CMTs was complex and time consuming process
with larger diameter. The CMTs have the potential of becoming
a key material in meso scale science. The CMTs were
synthesized from natural renewable precursor (coconut oil) by
chemical vapour deposition. The CMTs were synthesized in a
nitrogen atmosphere at a temperature of 1175 °C and at a flow
rate of 100 mL/min using ferrrocene as catalyst.* The CMTs
were synthesized by carbonization of poly (acrylonitrile)fibers,’
catkins,® bucky paper (Gas pressure enhanced CVD),” activated
carbon,® reed bristles,” propane,'® acetylene (PE-CVD)," fluff
of chinar tree,'*> Urea," graphite,14 plant biomass,'® and
polyvinyl butyral powder.'"® The carbon /metal hybrid
microtubes of very high aspect ratio via self-rolling approach
of polymer multilayers. The microtubes are expected to have
potential applications in areas such as micro fluidic devices and
catalysis.!” Voloshini et al investigated the properties of virtual
CMTs as function of their diameter and the number of atoms
constituting a ring or a spiral turn of the microtubes. In order to
describe the properties of CMTs they used first time evaluated
by the electron density distribution method.®

J. Name., 2013, 00, 1-3 | 1
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The carbon composites widely used in the field of catalysis,
sensors, high thermal conductive materials, adsorbents for toxic
metals and organic pollutants. In the field of catalysis the
carbon composites with metal, metal complexes and metal
oxides are widely reported.’?® Silica/CNT coupled with metal
oxides such as TiO,, ZrO,, Al,O; and ZnO were also being
used as photocatalysts.?"*? Relative to these oxides the tantalum
and niobium oxides and their composites are have growing
interest in various fields. Niobium oxide and tantalum oxide are
good visible light absorbents and these oxides are potential
catalytic materials for heterogeneous catalysis reactions and
23,24 The Ta,Os is good
semiconducting material with a high dielectric constant and
high which has
applications such as Dental imaging, CT Scans and X-rays,

organic  transformations.

index of refraction, found important

coatings, plastics nanowires, textiles, nanofibers, alloys,

catalyst applications and better material for the environmental
The Ta,Os/TiO, photocatalyst
was prepared by simple solid-solid reaction technique with

pollutant water treatments.

different Ta:Ti ratios and used in the degradation of methylene
by the
nitridation of Ta,Os and were added to a photo-Fenton-like

blue.’® Tantalum (oxy)nitrides were synthesized

system to enhance Fe’" reduction and atrazine degradation
under visible light.27 Ta,05-IrO, thin film was used as the
electrocatalyst in electrochemical degradation of lignin.?® The
graphene, Zn-Al-In mixed metal oxides/carbon nanotube
composite shows high performance in photocatalysis. Even at
lower CNT percentage was ascribed to the synergistic effects of
supporting and electron-hole recombination and e  trapping
effect the transition metals.” The MWCNT reinforced ZnO
composites were utilized as anode material for Li-ion batteries,
microwave absorbing material, nanoresonators and ammonia
sensor. The MWCNT decorated ZnO nano structures were used
as photocatalytic, and

sonocatalytic sonophotocatalytic

degradation of rhodamine-B.*® In-situ synthesis of
Zn0:Ta,05/Nb,Os composites were used as photocatalysts in
the degradation of chloro phenols, cationic and anionic dyes.
The degradation of cationic, anionic, nonionic dyes are difficult
under UV/Visible by carbon composite. Tantalum oxides could
act as active catalyst with high surface area carbon materials.
The carbon materials were used to minimize the electron-hole
recombination besides relative number of active sites present on
the surface of the heterogeneous catalyst.>’ The synthesis of the
conducting material like CMTs from the insulating cotton
material by inexpensive and rapid process are yet to be
reported. The composites of CMTs and tantalum oxides and
their usages in photocatalysis under UV/Visible light also yet to
be reported.

In the present investigation carbon source for CMTs is
surgical cotton and the first approach to involve the open air
atmosphere combustion of cotton to CMTs. This study reveals
the synthesis of CMT and its composites by Ta,Os which is
precursor of tantalum chloride. The CMT:Ta,0O5 composites
formation with different ratio of tantalum oxide, was confirmed
by various characterization techniques. The tantalum doped
CMTs may restrict electron-hole recombination during the dye
degradation Higher photocatalytic activity was observed for

2| J. Name., 2012, 00, 1-3

CMT:Ta,05 composites towards the removal percentage of XO
and MO dyes when compared to that of CMTs. The optical
the
photocatalytic activity and kinetic parameters. The reused

absorption spectral studies are used to determine
catalysts photo catalytic activity was compared with that of

fresh catalyst.
Experimental

Materials

Ammonia (Merck Pvt. Ltd, India), Xylenol orange tetra sodium
salt, Methyl orange (Lobachemie, India), Tantalum penta
chloride (Sigma-Aldrich Pvt. Ltd, India), Cotton fiber and other
analar grade chemicals were used without further purification.
Millipore water was used throughout the work.

Physicochemical measurements and characterization

The FTIR spectra were recorded on a FTIR Perkin-Elmer 8300
spectrometer with KBr disk. The UV-Vis absorption spectra of
liquid samples were recorded on a Perkin Elmer Lambda-35
spectrophotometer. The UV-Visible Diffuse Reflectance
Spectral (UV-Vis/DRS) analyses were carried out on a JASCO-
V-670 UV-visible spectrophotometer. Raman spectra were
NANO PHOTONI11i
microscope using a He-Ne laser emitting at 532 nm. The
the CMT:Ta,Os
ascertained by powder X-ray diffraction using Rigaku XRD-
Smart Lab with Cu-Ka; radiation (A=1.5418 A°). The N,-
adsorption, desorption isotherms and Brunauer-Emmett-Teller

recorded on a confocal Raman

crystalline nature of composites was

(BET) surface area measurements at —196 °C were carried out
on a Micrometrics ASAP (Model 2020) surface area analyzer
with nitrogen and helium gases with a purity of 99.99%. The
FESEM was obtained on a FESEM-SUPRA 55-CARL ZEISS
scanning electron microscope. The XPS analysis was carried
out on XM1000 Omicron nanotechnology XPS system with Al-
Ka monochromatic wavelength. The samples were made in to
pellets and were used as such for X-ray photoelectron
spectroscopic (XPS) studies. The high resolution XPS traces
were deconvoluted using the Gaussian statistical analysis by
using origin-7 software. The HRTEM analysis was carried out
by using a FEI TECNAI G2 (T-30) transmission electron
microscope with an accelerating voltage of 250 KV. The
CILAS particle size analyzer model 1180 was used to measure
the particle size of CMTs and their composites.

Preparation of the carbon microtubes

The known amount of cotton was well dispersed in glass tray.
The cotton was allowed to burn for two to five minutes. During
the combustion temperature was monitored by thermocouple,
which was fixed to glass tray. Unexpectedly the CMTs
formation was observed. The same method was repeated for
five times and reproducibility was also confirmed. The
combustion temperature was monitored to be at approx. 450 °C.
During the combustion, cotton fibers rolled them self under
differential acration as results CMTs.

This journal is © The Royal Society of Chemistry 20xx
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Preparation of the CMT:Ta,05 composites

The tantalum chloride of 0.3 M was well dispersed in 200 mL
of ethanol solution, in double neck round bottom flask, 1.2 M
ammonia solution was added drop wise in above solution at
room temperature and fixed amount of CMTs was added to this
solution. The resulting solids was centrifuged and repeatedly
washed with the milli-Q water. The black threads were heated
in furnace at 300 °C for 4 h. The pure CMTs and composites
prepared with 1%, 3% and 7% of tantalum oxide in CMTs were
represented as CMT:Ta; CMT:Ta, CMT:Tas respectively.

Photocatalytic degradation of the XO under visible light
irradiation

The photo catalytic activities of the CMTs, CMT:Ta,,
CMT:Ta, and CMT:Ta; in removal of the XO under visible
light in a cylindrical glass reactor with the each catalyst 0.1 g of
CMTs, CMT:Ta;/CMT:Ta,/CMT:Ta; and 0.1 mmol of 100 mL
aqueous dye solution was added to the catalysts separately. The
reaction conditions are optimized in dark at room temperature
and start irradiation under visible light (> 420 nm). The
removal percentage and consequent spectral changes at
predetermined time intervals were monitored by the UV-
Visible absorption spectra at 436+ 2nm for 4 h. The percentage
conversion is calculated from equation (1).

A =6 cl )

Here, £ =molar extinction coefficient [M"' cm™], c= sample
concentration, *=path length of cuvette (1 cm).
Photocatalytic degradation of the MO under visible light
irradiation

The photo catalytic activities of the CMTs, CMT:Ta,,
CMT:Ta, and CMT:Ta; in removal of the MO under visible
light in a cylindrical glass reactor with the each catalyst 0.1 g of
CMTs, CMT:Ta;/CMT:Ta,/CMT:Ta; and 0.2 mmol of 100 mL
aqueous dye solution was added to the catalysts separately. The
reaction conditions are optimized in dark at room temperature
and start irradiation under visible light (> 420 nm). The
removal percentage and consequent spectral changes at
predetermined time intervals were monitored by the UV-
Visible absorption spectra at 464 + 2 nm for 2 h. The
percentage conversion is calculated from equation (1).

Results and discussion

RAMAN spectral studies

The Raman spectra of CMTs, CMT:Ta;, CMT:Ta, and
CMT:Ta; are shown in Fig.1. The peaks at 1330 cm™ and 1573
indicates the D-band and G-band respectively. The
characteristic bands were also observed for the graphite and

cm’!

carbon nanotubes.*> The composites has the same structural
integrity of CMT frame work. The peaks in the region of 110-
480 cm™ and 500-910 cm™ were due to the presences of Ta,Os5
in the composites, but this peaks were absent in case of pure
CMTs. The peaks at 740 cm™ and 870 cm™ are due to the
octahedral TaO, modes. The peaks at 410 cm™ and 210 cm™
indicates Ta-O units. The peaks at 465 cm™ and 572 cm™
indicate the terminal Ta-O bond vibrations. The peaks at 735-

This journal is © The Royal Society of Chemistry 20xx

821 cm™ was due to the Ta,Os moiety of composites. The
Raman shift around 910 cm™ was due to the stretching mode of
the O=Ta-O-H bond vibration.*® The Raman spectral analyses
clearly suggest that the formation and stability of tantalum
oxide with CMT frame work.
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Fig. 1 Raman spectra of the (a) CMTs (b) CMT:Ta; (c)
CMT:Ta, and (d) CMT:Tas

DRS/ UV visible spectral analysis

DRS/UV-visible spectra of the CMTs, CMT:Ta;  CMT:Ta,
and CMT:Ta; were shown in the Fig.2. It was found that the
absorption spectra of the CMT and CMT:Ta,O5 were quite
different. The CMTs show a peak at 236 nm, where as the
CMT:Ta,O5 composites shows in the region of 310-335 nm and
at higher percentage of the tantalum oxide a slight peak
broadening was observed. The absence of peak in the region of

400-800 nm clearly indicates the tantalum has d°
configuration.*
3
) (d)
(]
Q
c
38
= (c)
7]
<
(b)
(a)
200 400 600 800

Wavelength(nm)

Fig. 2 DRSUV/Visible spectra of the (a) CMTs, (b) CMT:Ta,
(c) CMT:Ta,, (d) CMT:Tay
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FTIR spectral analysis

Fig.3. shows a typical FTIR spectra of CMTs, CMT:Tay,
CMT:Ta, and CMT:Tas. The strong and broad peak around
3400 cm™', corresponds to the stretching frequency of O-H
groups. The peak at 1638 cm™ was due to the in plane bending
vibrations of the Ta-OH groups. The peak around 3500-3650
cm™ due to stretching vibrations of the HO-Ta=0(O,H) units.
The CMT:Ta,05 exhibits peaks in the range of 450-1000 cm™
was due to the vibration modes of Ta,Os, but there is no peak

1 902 cm-!

3650cm”
(Ta-O-Ta)

(0=Ta-OH(H,0))

(C) —

, 3365 cm'1 (d)

(b)

Qra-o 89 cm-1 )
< ¢

%Transmittance (a.u)

452¢m-1

\\ (a) (Ta=0)

> N
1638 cm
(Ta-OH)

4000 3000 2000 1000
Wave number(cm'1)

Fig. 3 FTIR spectra of the (a) CMTs (b) CMT:Ta, (c) CMT:Ta,
and (d) CMT:Ta,

for pure CMTs. The peaks at 890 cm™', indicates the Ta-O-Ta
mode of vibrations. The peak at 452 cm™ was due to the T=0
mode of vibration. A peak at 889-902 cm™ corresponds to TaOq
octahedra units and Ta suboxides of the composites.*® The
CMT:Ta,0O5 composites show similar vibration modes, it
confirms the formation of tantalum oxide with that of CMTs.

XRD analysis

+(002)

(100)

! *

(d)

Intensity (a.u)

20 30 40 50 60 70 80
2 Thetal/-

Fig. 4 Powder XRD patterns of the (a) CMTs (b) CMT:Ta, (c)
CMT:Ta, and (d) CMT:Ta;

4| J. Name., 2012, 00, 1-3

The XRD patterns of CMTs, CMT:Ta;, CMT:Ta, and CMT:Ta;
were shown in the Fig.4. The peaks at 2-theta values of 25.9°
and 43.5° with the (0 0 2) and (1 0 0) faces of graphite
diffraction patterns respectively. This peaks are well matched
with earlier literature values (JCPDS Card no: 23-64).%18 36-37,
From the Fig. S1} the cotton XRD shows the higher intensity
peak at 22.3° and low intensity peak at 15.9° suggests that
morphological changes were observed during combustion
process and XRD patterns of the cotton fiber and CMTs were
not identical. The new peaks at 22.7°, 28.3° and 36.1° were due
to the formation of Ta,Os with carbon microstructures.*® Hence
the XRD studies confirmed the crystalline nature of micro tubes
and CMT:Ta,Oscomposites.

X-ray Photoelectron Spectroscopy (XPS) analysis

The XPS is powerful technique to investigate the electronic
properties of species formed on the surface. XPS reveals the
electronic environment, oxidation sate, binding energy and spin
multiplicity. The bonding properties can be influence the
binding energy of the metal oxide composites. The XPS traces
of CMTs and CMT:Ta; were shown in the Fig. 5. It reveals the
presence of C, O and Ta. The XPS survey graphs of composites
show a carbon signal (285.10 eV) for carbon 1s peak. The
highly intense broad bands around 531 eV confirm the presence
of oxygen atoms. The CMT:Ta; The C 1s, O 1s, Ta 4p and Ta
4f appear at 285.5, 531.2, 233.02 and 30 eV respectively.® Fig.
5(b) shows the peaks at 233.02 and 240.8 eV are related to Ta
4ds, and Ta 4d,), respectively. The peak fitting spectra of the
Ta 4f for the composite shows the values at 25.8 eV and 30.04
eV for 4f;, and 4f;, eV respectively. The XPS survey graph of
the parent CMT was given in the Fig.5a. It clearly suggests that
presence of carbon elements. From Fig. 5b the Ta 4f core level
spectra deconvoluted into the two peaks here tantalum 4f peak
shows the higher binding energy value due to the formation of
Ta,Os5 with carbon microstructures. Fig 5d also shows the
higher binding energy values for the 4p spectra, here 4p core
spectra deconvoluted in the four peaks, but the two low
intensity shake up satellite peaks resumes tantalum has
suboxides, because Ta(V) may possess the various oxidation
states. The O 1s core level XPS spectral traces show an
asymmetric nature and the deconvoluted spectral trend
suggesting that there is more than one type of oxygen atoms
was bonded to Ta.** The O Is peaks of the CMTs and
CMT:Ta; XPS are shown in Fig.5(e) and (f) respectively. The
deconvolution of Ols peak in to four peaks for CMT:Ta;, but in
case of the CMTs only two deconvoluted peaks was observed.
Here the oxygen molecules binding energy more for the
CMT:Ta;, when compared to CMTs. The CMT:Ta; exhibit the
peaks at 533.4, 531.8, 530.1 and 529.2 eV for the Ta-OH,
Ta=0, Ta-O and Ta-O(H,0) respectively.* It indicate the
tantalum has +5 oxidation sate (Ta") and tantalum present in
the form of oxides and sub oxides. In this Ols spectra the
presence of 533.4 eV, ascribed to oxygen coupled to the
hydroxyl or hydrated molecules. The CMT:Ta,0O5 composites
may contains O-H groups. It has been consistent with the FTIR

This journal is © The Royal Society of Chemistry 20xx
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and DRS results. The XPS spectral analysis also confirm the
formation of Ta,Os5 for the CMT:Ta,Os composites and
tantalum in +5 oxidation state and stability of the composites.

FESEM and TEM analysis

The microscopic analysis is an evidence for the formation of
microtubes during combustion of cotton fibers. The fiber sheets
will be twisted by self rolling process at 450 °C. The twisting of
the sheets will be depending on the direction and density of
oxygen. Fig.6a confirms the CMTs formation and the outer
diameter from 2 to 5u and length in mm.**** From Fig. 6d &
6g also shows the Ta,Os; formed evenly on the surfaces of
CMTs. The microtube nature was not changed during the
formation of CMT:Ta,O5 composite. The TEM image and

Jances: =

ARTICLE

SAED patterns of CMTs and CMT:Ta, was given Fig. 6(b&c,
e&f, h&i). This clearly suggests that the crystalline nature of
CMTs with stable confinements.** The FESEM analysis is
evidence for the formation of CMTs.

The FESEM/TEM/EDAX (Fig. S2, S3&S4+) of the CMTs and
CMT:Ta, clearly suggest the presence of carbon and oxygen for
CMTs, where as CMT:Ta; composite have Ta, C and O. Silica
also present in negligible traces. The electron microscopy
study confirms that the microtube formation at optimized
condition, crystalinity was not change during the formation of
CMTs and tantalum oxide composites. Hence, oxygen only
play key role in the formation of CMTs.

j C1s
ik 3 e~ 3 (b)
LA P S| _Tadp (b) © s
2 (el 2
® C1s 2
c Q
2 £
= O1s a
: - (a)
L
0 200 400 600 800 1000 282 284 286 288 290
Binding energy (eV) Binding energy (eV)
8t Ta,0, © Ta 4pg/o (d) Ta
El T AN 3 4P312
s 20y S (Ta,0,) 21
2 2 2 2
[72] (2] “ .
c - R =
, -
24 26 28 30 32 232 236 240 244
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3 ? Ta
8 s
2 O-H = (Ta,0,)
2 ] O-H
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£ £
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Fig. 5 XPS curves of the survey and C 1s spectra of the (a) CMTs and (b) CMT:Tas; (c) Ta 4f spectrum and (d) Ta 4p spectrum of
the CMT:Ta; composites; (e) Ols spectrum of CMTs and (f) CMT:Ta; composites.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 6 FESEM images of the (a) CMTs (d) CMT:Ta; (g) CMT:Ta; and TEM images of (b) CMTs (¢) CMT:Ta, (h) CMT:Ta; and

SAED patterns of (c) CMTs (f) CMT:Ta, (i) CMT:Ta;

Surface area measurements

The Brunauer-Emmett-Teller (BET) surface area and N,-
adsorption/desorption isotherms, and the pore volume studies
for the CMTs, CMT:Ta; CMT:Ta,, CMT:Ta; are given in Fig.
7. These composites have type-I1I isotherms, but a steep
increase was observed above P/P, = 0.7. The BET surface area
of the CMTs, CMT:Ta; CMT:Ta, and CMT:Ta; catalysts were
determined to be 270, 223, 164 and 132 m*gm respectively.
The surface area values were reduced, it may be due to the
formation of CMT:Ta,0O5 composites. The pore size distribution
curves of samples were evaluated from the adsorption branches
of the isotherms and given in the Fig. S5%. The average pore
diameter of CMTs, CMT:Ta; CMT:Ta, and CMT:Tas is 22 A°,
19 A° 21 A°and 14 A°. The BET data satisfactorily correlate
with the XRD results and the discrepancy between BET and
XRD data can be due to the complicated geometry of the
polycrystalline nature of composites. Hence, the surface area
was reduced gradually by increasing the tantalum oxide
percentages, and the catalytic active site also been increased.
Hence, the composite can behave as good surface active
catalysts in oxidation reaction.

This journal is © The Royal Society of Chemistry 20xx

Particle size analysis

The CILAS particle size analyzer model 1180 was used to
measure the particle size. Depending on the size of the particle,
required quantity of CMTs was dispersed in ethanol for the
particles of 1um size 0.05 gm sample is required and for larger
particle (> 400 pum) around 5.0 gm of sample is required. To
avoid the agglomeration of particles ultrasonic vibrator was
switched on during the measurement. The suspension was
pumped through a detector and a laser beam. The equipment
analyzes the particle size and also the weight percent of the
fraction. The histogram was shown in below Fig S61. The
diameter at 10% , the particle size was 5 um , diameter at 50%
the particle size was below 10 um, diameter at 80% the particle
size was at 20 pm, the mean diameter of the CMTs was 16 um.
Whereas the average particle size of the CMT:Ta;, CMT:Ta,
and CMT:Ta; are 17.5 pm, 19 .8 pm and 23.5 um respectively.
The surface area was reduced while increase in particle size.

J. Name., 2013, 00, 1-3 | 6
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This journal is © The Royal Society of Chemistry 20xx

Photocatalytic studies: Mechanistic issues involved in the
removal of adsorbed the XO and MO dyes

The photocatalytic removal of the adsorbed XO and MO with
CMTs, CMT:Ta;, CMT:Ta, and CMT:Ta; under visible light
irradiation has been studied. The removal percentages of the
adsorbed dye and kinetic parameter were evaluated from the
equation (1). The rate of reaction follows the first order rate

equation.

ln(&j: -kt
Co

Here C,is the concentration of the dye at different time, C, is the

initial concentration, t is the time and k is the rate constant in min .

@

The removal efficiency was calculated by optical absorption
spectral analysis. The aliquot samples of the reaction medium were
collected and the consequent absorption changes were recorded at
436+2 nm for XO dye (464+2 nm in case of MO). The spectral
changes are given in Fig. S7&S8t. CMT:Ta;, CMT:Ta, and
CMT:Ta; has more degradation performance, when compared to
CMTs. From Fig. 8(i&iii) the removal percentages of XO are 45%,
62%, 80% and 100% for the CMTs, CMT:Ta;, CMT:Ta, and
CMT:Ta; respectively, But in case of MO the percentages of
removal arel 1%, 38%, 66% and 100%. The active sites present in
the catalyst ascertain the higher catalytic performance.

Surface area of the active catalysts and particle size of the
photocatalysts also has an impact of photooxidation reactions. Here
the gradual increase in the mean particle size with the decrease of
surface area of active catalysts may lead to the induced charge
transfer in HOMO-LUMO energy levels to retards electron-hole
recombination. The reaction was carried out at fixed concentration of
the all reactants. The catalytic reactions exhibit pseudo-first order
kinetic parameters. Fig. 8(ii&iv) shows the negative slope in all
cases. The rate constants of XO were 0.0055 min™!, 0.0060 min™,
0.0081 min™ and 0.025 min™ for the CMTs, CMT:Ta;, CMT:Ta,
and CMT:Ta; respectively, In the case MO dye rate constants are
0.00009 min™, 0.0082 min™', 0.0087 min" and 0.0091 min"' CMTs,
CMT:Ta;, CMT:Ta,

degradation under visible light the photo generated holes and e’s may

and CMT:Ta; respectively. During the
react with surface hydroxyl groups and adsorbed water or O, to
generate the active oxidative ionic radicals (O,” and ‘OH) in the
reaction medium. The tube form of the catalyst with active site also
can be increase the activity, even the microtubes contains the active
tantalum oxide species could do the active surface of the catalysts,

here the visible light pass through the tubes degrade the dye

J. Name., 2013, 00, 1-3 | 7
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molecules faster than carbon nanospheres. The O, and "OH radicals
are very reactive and quickly oxidize organic species at the CMTs
surface.** The Lewis acid sites enhances the acidic nature of
catalyst and formation of active radical limits the dye removal
time.*” Under visible light irradiation e” are excited from the valence
band to the conduction band of CMT:Ta,0s catalysts and creating
charge vacancy in h* in V.B. During degradation, the generation of
the 'OH radicals along with the formation of hydrogen peroxides
increases the catalytic activity towards degradation of dyes.*® The

generated peroxy radicals react with oxides of Ta leading to the

oxygen for the degradation of XO and MO under visible light
irradiation.*  The pentavalent oxidation state of Ta provides
multiple ¢ to vary the electrical conductivity and more e generated
and enhance the catalytic activity. The Ta" induced the formation of
oxygen vacancy sites and tantalum oxide predominantly shows more
acidic over redox behaviour. Hence, the active site present on the
CMTs modified with highly conductive active tantalum oxides can
be leads to the degradation of the organic pollutants.>®*' The

proposed radical ion mechanism was shown Fig.9. The degradation

of the enlisted organics to carbon dioxide, water, other less toxic

formation of nascent oxygen. This happens, when the reduction of minerals such as ammonia, nitrates and sulphates.’>™>
Ta(V) to lower oxidation states. The resulting the highly active
100
——(a) (i) 100 —a—i{a) (iii)
2871 - ] €n| —O
— ——(c) % ——(c)
é 60 ——(d) 3 604 S
£
2 404 2 40-
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Fig. 8 The removal percentage of XO (i) and MO (ii) and the kinetic plots of XO (iii) and MO (iv); Here (a) CMTs (b) CMT:Ta,

(c) CMT:Ta, and (d) CMT:Ta; composites.

The each recovered catalyst from the reaction was collected by nano-
filtration and washed with the water, ethanol mixture and dried at
200 °C for 2 h. The extensively purified recovered catalysts were
subjected to Raman spectra, powder XRD and DRS/UV-Visible
spectra (Fig. S9-S12+). This spectral analysis confirms the stability

8 | J. Name., 2012, 00, 1-3

of the photocatalyst. Thus recovered catalysts spectral data was
provided in the supporting information. The overall percentage of
the conversion for the adsorbed both orange dyes was studied in the

three cycles and given in the Fig. 10. It reveals the degradation and

This journal is © The Royal Society of Chemistry 20xx
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efficiency of the reused catalysts comparatively same as fresh FESEM, TEM, XPS, XRD analysis. The RAMAN, FTIR, DRS

catalyst.

CMT:Ta0s (CTal_ Y g (htee)

CTae + 0, —> 05

HO  ——— H*+OH"

h* + OH e QN -ooeeeeeeee s
e +20; 2—H+> H,0, g
C:Ta(e) + HyOp———> 0O, - >

Active oxygen

Y

CO, + SO+ NO3
+H,0 + less toxic minerals

Fig. 9 The proposed radical-ions mechanism for the XO and MO
degradation.
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Fig. 10 Overall percentage of conversion for the recovered
photocatalysts for the degradation of adsorbed (a) XO and (b) MO
dyes
Conclusions

The novel economical production of CMTs was achieved in
ambient conditions. The physico-chemical characterization also
confirms the proposed differential aeration mechanism for the
formation of CMTs. The microscopic and surface studies reveals the
CMTs may be the promising materials in the field of catalysis and
The CMT:Ta,05

materials were synthesized by simple insitu method. The formation

sustainable energy conversions. composite

of CMTs and CMT:Ta,0Os composites were confirmed by the

This journal is © The Royal Society of Chemistry 20xx

spectral data also reveals the formation of CMT/Ta,05 composites.
All the studies suggested that the stability and effective coupling of
CMTs and Ta,0s.
photocatalysts in the degradation of adsorbed XO and MO. The

The composite materials were used as

composites show higher photocatalytic activity and reused catalysts
show comparable activity with fresh catalysts. This present
investigation may leads to improve the research interest towards
development low cost semiconducting materials by refractory metals
for the sustainable energy conversions and environmentally eco-
friendly materials for the catalysis. Hence visible light absorption
these composites could be applicable as photocatalyst under visible
light.
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