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The photocatalytic activity of carbon nanotubes (CNTs) synthesized by flame fragments deposition (FFD) and CNTs/TiO, composites |
was determined by their application on the photocatalytic degradation of cobalamin dye. Different ratios of composites consisting of |
carbon nanotubes with titanium dioxide nanoparticles anatase were prepared using a simple, low temperature process in which carbon |
nanotubes and anatase nanoparticles were dispersed in water. The ratios that used in the present work were, 25:1, 50:1, 75:1 and 100:1
from theTiO, (30 nm)/CNTs. The structures of different TiO,/CNT composites were characterized by Raman spectroscopy, X-ray diffraction, |
FTIR spectroscopy and atomic force microscopy. The photocatalytic activity of these materials was investigated by following the |
photocatalytic removal of cobalamin dye over these prepared materials. The obtained results showed an increment in the efficiency of |
cobalamin dye removal over TiO,/CNTs composites in comparison with neat components TiO, and carbon nanotubes under the same |
reaction condition. The photocatalytic removal of cobalamin dye from aqueous solution over TiO,/CNTs composites was followed |
spectrophotometrically by measuring absorbance of the dye solution at 550 nm. The efficiency of cobalamin dye removal over neat
components and composites falls in the following order: 50:1 > 75:1 > 100:1 > 25:1 > CNTs > TiO,. I
|
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INTRODUCTION

Carbon nanotube is rolled up from one or more graphene
sheets concentrically [1]. Depending on the number of graphite
layers, carbon nanotubes are classified as single-wall carbon
nanotubes (SWCNTs), double-wall carbon nanotubes (DWCNTS)
or multi-wall carbon nanotubes (MWCNTs) [2]. Single-wall
carbon nanotubes (SWNTs) are a unique class of material that
have received an enormous amount of attention over recent
years, because of their remarkable mechanical, thermal, electronic
and optical properties [3,4]. Syntheses of carbon nanotubes
by several methods includes arc discharge, laser ablation and
chemical vapor deposition [5], yielding tubes of various diameter
and length distributions [6].

Carbon nanotubes are sub-atomic scale containers of
graphitic carbons with remarkable electronic, mechanical and
warm properties [7]. The synergistic impact of carbon nano-

tubes on the action of composite impetus can be clarified as
far as its activity as adsorbents and a scattering agent. The advance
CNTs conductive structure may encourage the division of the
photograph created electron/gap sets at the TiO,-CNT interface
prompting the quicker rates of photocatalytic oxidation and
improvement in the proficiency of titanium dioxide [8].

Different techniques have been utilized for the planning
of TiO,-CNTs composites. For the most part, TiO, is covered
on the surface of the carbon nanotube. The composites can be
set up by different methods which incorporate sol-gel, impreg-
nation, electro-turning, electrophoretic statement, compound
vapor testimony and aqueous method [9-11]. TiO,-CNT's composite
material have been appearing to expand the rodent of photograph
reactant oxidation of toxins [12]. The conductivity structure of
carbon nanotube platforms may encourage the detachment of the
photograph created (e-h) pairs at TiO,-CNTs interface prompting
the quicker rates of photograph synergist oxidation [13].
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Different applications and difficulties for these composite
materials are accounted for carbon nanotube-anatase titanium
dioxide CNT/TiO, composite [ 14]. Recently, CNTs/TiO, compo-
sites have been attracting much care because of their excellent
properties, including electrical properties, chemical and thermal
stability, high adsorption capacity and high aspect ratio
[8,15,16]. The applications of TiO,/CNTs composites for the
big problem of pollutions obligation to their highest capability
to behavior electrons and adsorb hydrophobic organic
pollutants, barely adsorbed by TiO, nanoparticles themselves
[15]. In this paper, we reported the photoactivity of CNTs/
TiO, anatase (nanopar-ticle) composite on removal of
cobalamin (m.f. C¢;HssN4PCo) and compared the adsorption
capacity of TiO,, CNTs and CNTs/TiO, composite.

EXPERIMENTAL

Cobalamin dye (m.f. Ce;HssN(,PCo) was purchased from
Sigma having purity < 98.5 %. Titanium dioxide nanoparticles
(TiO,) anatase (10-30 nm) purities 99 % from Sky Spring
Nanomaterials Inc. Acetone from S.D. Fine-Chem. Ltd., India
with purities 99 % and hydrogen peroxide was purchased from
Barcelona, Spain in 30 % by weight. The N, gas used in purities
99.999% from Emirates industrial gases.

Synthesis of carbon nanotubes: In this part, carbon nano-
tubes (CNTs) were synthesized according to flame fragments
deposition method using a homemade chamber instrument
constructed for synthesized of carbon nanotubes (CNTs) from
Iraqi natural gas as carbon source. The instrument consists of
nine collection centers at the top position where is embedded
in each position. One of them is used without catalyst and the
other eight with different types of catalysts. Riimmeli e? al.
[17] synthesized of carbon nanotubes without catalysts and
with catalysts (Fe**:Mo:Mg). The catalysts (Fe**:Mo:Mg) ratio
(1:0.1:11). The catalyst was prepared by using combustion
methods as in the literature [ 18]. An aqueous solution consisting
of FeSO, and ammonium molybdate (NH.)s:-Mo07-O,4-4H,O were
mixed together with a weight ratio of Fe:Mo equal to 1:0.1
and with stirring for 1 h. The bimetallic solution was introduced
to Mg(NOs),:6H,0 solution and 1 g of citric acid with a weight
ratio of Fe:Mg:Mo equal to 1:11:0.1, respectively, followed
by sonication for 1 h. The solution was stirred for 10 h with an
increase in temperature to 60 °C in order to dry the mixture.
The powder was treated thermally at 150 °C for 10 h in nitrogen
atmosphere by using tube furnaces and then ground in a mortar
to remove any agglomerate that may have formed during the
final composition of the trimettalic catalyst. After the crucibles
were fogged by catalyst, synthesized of carbon nanotubes.The
carbon nanotubes were characterized using the X-ray diffrac-
tion (XRD) and Raman analysis.

Purification of carbon nanotubes: The purification of
synthesized carbon nanotubes was peformed via oxidation with
H.O, then treated with acetone using separation funnel. Carbon
nanotubes (100 mg) was dispersed in 50 mL of H,O, and
sonicated for 1 h. The mixture was left in the refrigerator at
4 °C for 24 h, after that the solution allowed to reach room
temperature, then heated gradually to 50 °C until all hydrogen
peroxide removed completely. Finally, the sample was washed
with deionized water and dried at 80 °C for 4 h. After that

addition of 15 mL acetone to the dry sample and sonicated for
15 min. The suspension was then centrifuged for 15 min. The
separated carbon nanotubes were then calcined at 275 °C for
2 h and finally characterized using X-ray diffraction (XRD)
and Raman spectroscopy.

Functionalization of carbon nanotubes: Functionali-
zation of carbon nanotubes is an important step that can be used
in order to introduce some functional groups into the surface
and improve its surface properties. In this context, carbon nano-
tubes (100 mg) were suspended in 75 mL H,0, (30 % weight)
in a 100 mL round bottom flask equipped with a condenser
and the dispersion was heated to 80 °C at reflux for overnight.

After the reflux, the suspension containing carbon nano-
tubes and H,O, was heated to 50 °C with irradiation under an
(UV) lamp for 5 h to dry the mixture. The oxidation of carbon
nanotubes surface is very important to produce the composite.
The homogeneous diffusion of O-CNTs takes place in distilled
water due to formation of hydrogen bonding. They formed func-
tioned O-CNTs was investigated using FTIR.

Synthesis TiO»/CNTs composites: Different ratios from
titanium dioxide nanoparticles (TiO,) anatase/CNTs composite
structures were prepared by a simple evaporation and drying
process. To prepare TiO,/CNTs composite, approximately 10
mg carbon nanotubes was dispersed in 150 mL of distilled water
and sonicated for 15 min, titanium dioxide powder was added
to the carbon nanotubes suspension with continuous stirring.
After that it was sonicated for 10 min, the suspension containing
carbon nanotubes and TiO; particles was heated to 80 °C with
flushing O, gas in solution to accelerate the evaporation of
water. Then, the composite was dried overnight in an oven at
104 °C to avoid oxidation of the carbon nanotubes. Different
composites were prepared using different ratios of TiO, (30
nm) and carbon nanotubes. These mass ratios were 25:1, 50:1,
75:1 and 100:1. The obtained composites were investigated
using (XRD) and atomic force microscopy (AFM).

Activity of pristine TiO,, carbon nanotubes and anatase
TiO,: The photocatalytic activity of pristine CNTs and TiO,
and composites of different ratios 25:1, 50:1, 75:1 and 100:1
to form TiO,/CNTs was investigated by following the decolo-
rization of cobalamin dye in an aqueous solution of 100 mL
(40 ppm) under UV light. Aqueous suspensions of CNT and/
or TiO; containing cobalamin dye in a beaker under continuous
stirring under irradiation with UV light at wavelength of 365
nm. The required amount of the catalyst was suspended in
100 mL of aqueous solution of cobalamin. After illumination,
2 mL was taken from the reaction suspension, centrifuged at
6000 rpm for 15 min and then filtered to remove the particles.
The second centrifugation was found necessary to remove fine
particles of carbon nanotubes, TiO,, 25:1, 50:1, 75:1 and 100:1
from TiO, (30 nm)/CNTs. The absorbance of cobalamin was
then determined at 550 nm.

RESULTS AND DISCUSSION

Activity of CNTs/TiO, composite: The photocatalytic
activity of both neat of TiO,, CNTs and the synthesized compo-
sites was investigated by following the photocatalytic removal
of cobalamin dye (40 ppm) from aqueous solutions under
irradiation with UV light. Fig. 1 shows the changes in removal
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Fig. 1.  Effect of time of adsorption on the removal efficiency of CA dye (40
ppm) over neat TiO,, CNTs and TiO,/CNTs composites

efficiency of the cobalamin dye in aqueous solution upon
irradiation over CNTs/TiO, composite in different ratios. The
results indicate that carbon nanotubes can enhance adsorption
properties of TiO, anatase due to increase surface area of pro-
duced composites in comparison with neat components of used
composites [19]. The obtained results are presented in Fig. 1.

The optimum removal efficiency was achieved with comp-
osite (50:1) around 97 %. The efficiency of photocatalytic degra-
dation of cobalamin dye over other composites of TiO,/ CNTs
ratios (75:1, 100:1, 25:1) and neat CNTs and TiO, were around
90, 86, 80, 50 and 38 %, respectively. In general, the efficiency
of dye removal over the used composites were more efficient
than neat TiO, and CNTs which indicated that all ratios of TiO,/
CNTs composites lead to enhance surface properties with incre-
asing of specific surface area of the prepared composites. This
can lead to improve catalytic activity of all the composites in
comparison of neat components which leads to the separation
of photogenerated electron-hole pairs and decrease of their
recombination rate and thus display significantly enhanced
photocatalytic activity for removal of cobalamin dye in aqu-
eous solution under UV irradiation.

The results of cobalamin dye removal by adsorption onto
different photocatalysts are presented in Fig. 2. From these
results, it can be seen that there is a progressive increment in
the efficiency of dye removal with time progressing. Besides
that composites are more efficient than separated components
in dye removal under the same adsorption conditions. For
composite of TiO,/CNTs equilibrium adsorption is being achieved
within 0.5 h for four prepared ratios of TiO,/CNTs composites.
When adsorption reaches equilibrium the efficiency of cobal-
amin adsorption onto composites and neat components fall in
the following order: 50:1 > 75:1 > 100:1 > 25:1 > CNTs >
TiO,. This result can be attributed to the improvement of catalytic
properties and increment of specific surface area of the prepared
composites in comparison with their single components. The
carbon nanotubes can increase surface area for synthesized
composites and then reduce the rate of electron-hole recom-
bination on TiO, by injecting conduction band electrons into
to the surface of carbon nanotubes leading to reduced back
electron transfer. This can lead to improve the total efficiency
of photocatalytic activity of decolorization of cobalamin dye
over the used composites.

Characterization of TiO,, CNTs and TiO,/CNTs comp-
osites: Fig. 3 shows the Raman spectra for carbon nanotubes.
Three bands are observed at 1341 cm™ (D), 1581 cm™ (G) and
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Fig. 2.  Effect of time of adsorption on the relative concentration of cobalamin
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Fig. 3. Raman spectroscopy for CNTs after purification

2700 cm™ (G). The peak at 1341 cm™ in the spectrum for carbon
nanotubes compare to D-band of confused graphitic carbon
in carbon nanotubes. The peak at 1581 cm™ in the spectrum for
carbon nanotubes relates to G-band of graphitic carbon in carbon
nanotubes while D- and G-groups show the nearness of crysta-
lline graphite carbon in carbon nanotubes. The G” band at 2700
cm’ are sensitive to the freight exchanged between the nano-
tubes and the demote moiety [20].

Crystal structure of carbon nanotubes was investigated
using XRD patterns using (Rigaku Rotalflex) (RU-200B) X-
ray diffractometer with CuKa radiation (A = 0.15405 nm) with
a Ni filter. The tube current was 100 mA with a tube voltage
of 40 kV. XRD patterns were performed in range of 26 between
10° and 80° with a scan rate of 5°/min with a resolution in the
20 scans was at 0.02°. XRD patterns for the synthesized carbon
nanotubes are shown in Fig. 4, which shows the characteristic
peaks at 24.56° and 44.16°, these peaks are related to carbon
nanotubes after purification. These results indicate that carbon
nanotubes synthesized by flame fragments deposition are in
good quality compared with that obtained by using chemical
vapour deposition techniques [21].

The FTIR analysis was performed to confirm the presence
of the introduced functional groups into the surface of CNTs
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Fig. 4. XRD patterns for the synthesized CNTs
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after functionalization processes. Oxidation of CNTs with H,O, 100 vv
(30 % weight) and UV-irradiation introduces some functional 954
groups like-OH and-COOH. These surface groups are suppor- o
tive to form interaction and chemical bonding between CNTs 907 OH )
and TiO, [22]. FTIR spectra of functionalized CNTs exhibits 9} 851
characteristic strong and broad bands between 3600-3173 cm’, §
which can be assigned to O-H stretching vibrations in C-OH E o
groups. The band between 1760-1690 cm™ is related to C=0 g 754
stretching vibrations in carboxyl groups (Fig. 5) [23]. =
The surface morphology of synthesized CNTs was investi- 0
gated using atomic force microscope (AFM). The obtained AFM 65 o E — p—
images show filaments with length 1-1.5 um and diameter . § ?cg’ % §
around 0.5 pum, which appeared as bundles in TiO,/CNTs comp- ) == g
osite (ratio 50:1) filaments (Fig. 6). The CNTs bundles easily 3500 3000 2500 2000 1500 1000 500
bend and wrap around anatase TiO, particles, because of the Wavenumber (cm )
weak van der Waals interaction between the CNTs in bundles Fig. 5. FTIR spectra for functionalization of carbon nanotubes

[24].

The CNTs bundles which appear to be about 40 nm in 100:1 might be due to the large diameter 50 nm (Fig. 7d). The
diameter (Fig. 7a) while TiO, particles show a diameter around ratios of 75:1 and 100:1 are lesser than ratio 50:1, so the surface
50 nm (Fig. 7b). The TiO./CNTs composite with a ratio of ~ area is reduced due to increased TiO, amount (Fig 7e-f).
25:1 is lesser than different ratios 50:1,75:1 and 100:1 because Fig. 8 shows the XRD patterns of CNTs, TiO, and CNTs/
of the large CNTs amount concludes that light did not reach TiO, composite. The most intense peaks of CNTs agreed to the
to all particles (Fig. 7c) while the TiO/CNTs composite with ~ 24-56° (002) reflection and 43.16° (100) band, the peaks for
a ratio of 50:1 is greater than different ratios 25:1 ,75:1 and ~ TiO2are 25.33°(101), 37.88°(004), 47.68° (200), 54.14° (105),
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Fig. 6. AFM for synthesized CNTs
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Fig. 8. XRD patterns for synthesized (6) CNTs, (1) TiO; and (2-5) different
ratio of TiO,/CNTs composites

54.91° (211), 62.50° (204), 70.00° (116), 70.89° (220) 75.16°
(301). The additional peaks present in all the diffractograms
agree to the TiO, form of TiO,. The peak at 24.56° (002) reflec-
tion due to CNTs intersections in the TiO, 25.33° (101) reflection.
It is worth to notice that the intensity of TiO, diffraction peaks
increases from sample (1 to 5) and the width at half height of
the peaks decreases. This is consistent with the increasing
amount of TiO, from samples 2 to 5, which gives more stretched
crystallized areas on the surface. The composite shows all these
above points out peaks promotes the formation of TiO,/CNTs
composite.

Mechanism of enhancement of photocatalysis of CA dye
over CNTs/TiO; composite: Mechanism for removal of
cobalamin dye over CNTs/TiO, composite and neat components
of each of TiO, and CNTs are shown in Fig. 9. Upon light irra-
diation of composite photocatalyst conduction band electron
(CB") and valence band hole (VB®) pairs can be produced. It is
believed that carbon nanotub can behave as an electron entrap-
ment and part of photo-produced electrons in CB™ of TiO, are
rapidly can be injected to carbon nanotubs and the photogenerated
charge carriers under these circumstances are excellently sepa-
rated as explained in the following equations:

Fig. 9. Schematic description of a proposed model for the CNT/TiO, working
mechanism

CNT/TiO; + h* —— CNT/TiO;, (e” + h") ()
CNT/TiO; (¢” + h") —— CNT (e") + TiO, (h") 2)
CNT () + O,—— CNT + O,” 3)

TiO, (h*) + HLO— TiO,+ OH® “4)

0O, + OH’ + Cobalamin dye —
Intermediate products — CO, + H,O )

They produced highly reactive O, and OH® radicals
degrade the cobalamin dye to form several intermediates and
finally the formed intermediates into CO, and H,O.

Conclusion

Titanium dioxide nanoparticles (TiO,) anatase/CNTs
composite photocatalysts with different ratios were prepared
by a simple evaporation and drying process. The TiO./ CNTs
(50:1) composite had higher activity of about four different
ratios of TiO»/ CNTs composites, TiO, and CNTs. The CNTs
with TiO, had characterized the key of high efficiency for decol-
orization for cobalamin dye. The results indicate that the decol-
orzation efficiency percentage of cobalamin dye with TiO»/
CNTs composite was higher that titanium dioxide or CNTs.
The efficiency of color removed increase with time. The removal
efficiency of cobalamin was found to be 97 %. The results
show that the photocatalytic activity of different ratios in this
study was 50:1 >75:1>100:1 >25:1 > CNTs > TiO,. This result
can be attributed due to the improvement of catalytic properties
and increment of specific surface area of the prepared comp-
osites in comparison with their single components.The carbon
nanotubes can increase surface area for synthesized composites
and then reduce the rate of (e-h) recombination on TiO,.
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