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Abstract: Two types of composites consisting of single —walled carbon nanotubes ( SWNTSs)
and mwuti-walled carbon nanotubes (MWNTs) with titanium dioxide (TiO,-P25) were
synthesized by simple evaporation methods. These composites were characterized by UV—vis
diffuse reflectance, XRD, Raman spectroscopy, Fluorescence spectroscopy and Surface area
(Sger). The results show that Carbon Nanotubes (CNT) which used to synthesis composites
(TiOy/CNTs) has succeeded in increased the activity of TiO,when exhibits higher
photocatalytic activity than TiO,.The multi walled carbon nanotubes MWNTSs were succeeded
to increase the adsorption for synthesis composites more than SWNTs, while SWNTs succeed
to improve the activity of photocatalytic degradation of TiO,. The enhancements of the activity
for the composites by the two types of CNTs can explain by two parameters: the first were
increased the surfaces area for synthesis composites and the second was translating the exited
electron ¢ from conduction bands (CB) of TiO, to the surfaces of CNTs which causing reduces
the recombination of e’h”.

Keywords: SWNT, MWNT, P25, TiO,/CNTs composite, Cobalamin degradation, out situ
activity.

1-Introduction

Titanium dioxide (TiO,) has long been a promising material for photocatalysis applications due to
environmentally friendly and relatively inexpensive photocatalyst material photostability, natural abundance,
and higher activity'. The TiO, included three phases, Rutile, Anatase and Brookite, The first two types of TiO,
are both in a tetragonal structure while Brookite in a orthorhombic®. Rutile is more stable phases, as compare
with Anatase and Brookite which metastable and effect with change of temperature to transformed for rutile
phase. Anatase is the phase normally forming into the sol-gel method of syntheses. Brookite often observed as a
result for preparation TiO, in an acidic medium with low temperature as a by-product’.

Titanium dioxide by using appropriate light can use for many applications such as fuel cell®, remove
air and water pollutants’, hydrogen production’. One of the most disadvantages of TiO, was reacted with
limited UV-light', thus specific energy to make Semiconductors chemically active for redox reaction.

Many efforts were done to solve or make this materials work in more efficiency by decreases this
limitation. All the efforts were depend on modifying the electronic band of semiconductor such as
metal/nonmetal doping, photosensitization with dyes and coupling with secondary semiconductors. The
moderate methods are combining TiO, with an adsorbent material.
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CNTs**'. Carbon nanotubes as a new born for the science at 19917* behave excellent electron conductions, high
surface areas and strong adsorption capacity’. Carbon nanotubes can be classified to single-walled carbon
nanotubes (SWNT) and multi-walled carbon nanotubes (MWNT). The electrical properties determined by the
chiral angle which decides the properties of CNTs may semiconducting or metallic.

The synthesis composite CNT/TiO; can be done by different techniques such as sol-gel’ chemical vapor
deposition, and electro-spinning methods®?®. All of these methods include coupling in-situ of CNT with
Ti0,***. In this work TiO, out-situ addition by using specific type of TiO, Degussa which is consisting of 80%
Anatase and 20% Rutile, with SWNTs and MWNTs. The activity of synthesis composites was measured by
make degradation for Cobalamin (C¢;HgsCoN;4P). Cobalamin, or vitamin B12, known as a complex compound
of organometallic species which is distinguished by the cobalt atom in a Corrine rings.

The photocatalytic decolorization of dyes which was carried out in aqueous solution by using different
types of catalysts including ZnO, TiO, (Degussa P25), TiO, (Hombikat UV100), TiO, (Millennium PC105),

and M/TiO, , etc. using UVA or natural light source™ ",

The results show that the activity of catalysts was sequence: ZnO > TiO, (Degussa P25)>TiO,
(Hombikat UV100) > TiO, (Millennium PC105) > TiO, (Koronose 2073). The TiO, reduce in activity with
SWNT and MWNT when the ratio of CNTs more than 5% in the degradation of phenol in aqueous solution
under near-UV irradiation. The same result published in many literatures®” confirm that and related that to
prevent the penetration of light at high concentration of CNTs. The enhance in activity of TiO, by CNTs can be
related to large effective surface area, in addition to excellent adsorbent and the abilities of CNTs to dispersion
with different materials which prevent the agglomerations of synthesis composite.

In the present study, The degradation of Cobalamin in aqueous solution was investigated using the
prepared composites 1%SWNT/TiO, and 1%MWNT/TiO,. The effect of types CNTs on the physiochemical
properties of TiO, was measured by using UV-vis reflectance, Raman spectroscopy, XRD, Fluorescence
spectroscopy and Surface area (BET). The mineralization by using synthesis composites was tested by
measured total organic carbon TOC for Cobalamin solution.

2-Experimental
2-1 Chemicals

MWNTs, and SWNTs used in this study were purchased from Aldrich. According to the product
specifications, the two compounds were fabricated by chemical vapor deposition method. SWNT constancies of
more than 90% carbon which consisted of 77% SWNTs, with diameter 0.7-1.1nm. While MWNTSs 95% carbon
nanotubes with mode diameter 5.5, and The TiO, sample was purchased from Degussa, Germany (TiO,-P25).
CyanoCobalamin Cg;HgsCoN 40O 4P purchased from Sigma with purities more than 98.5%.

2-2- Preparation of Binary composite

Before synthesis, binary composites CNTs were activated, by treating with a mixture of acid
HNO3/H,SO, (1/3) with an ultrasonic water bath for 7 hours®. 1 gm of TiO, was suspended in 100 mL of
distilled water for 30 min using an ultrasonic water bath, then the desired weight of CNTs was added to
suspension of TiO, using ultrasonic water bath. The solution containing the mixed suspension was filtered by
using a vacuum evaporator (Rota vapor re121 BUSHI 461 water Bath) at 45 °C. After the water evaporated, the
composite was dried overnight in an oven at 104 °C to avoid any physicochemical changes in the carbon
materials that occur to higher temperatures in the presence of oxygen.

2-3- Measured the activity of composite

The photocatalytic activities of pristine TiO,, 1%SWNT/TiO, and 1%MWNT/TiO, were determined by
the decolorization of Cobalamin in an aqueous solution under UV light with light intensities 1.3 mW/cm®. The
catalysts (175m g) were suspended in 100 mL of 40 ppm Cobalamin solutions to a glass vessel. Prior to
irradiation, the suspensions were magnetically stirred in the dark to ensure the establishment of an adsorption/
desorption equilibrium among the photocatalyst, Cobalamin and atmospheric oxygen, which was then
considered as the initial concentration. The light irradiation of the reactor were done for 60 min and the removal
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of the dispersed powders through centrifuge. The clean transparent solution was analyzed using an UV—-Vis
spectrophotometer. The spectra (300-700 nm) for each sample were recorded and the absorbance was
determined at the characteristic wavelength at 550 nm. The TOC analysis were done by repeating the
experiments for 8 hours with analyzed the clear sample every 2 hours.
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Figure 1. spectrum of UV-vis spectroscopy for Cobalamin with different concentrations.

3- Results and Discussion
3-1-Characterization of SWNT/TiO, and MWNT/ TiO,

The UV-vis spectra were measured at room temperature in air on CARY 100 Bio UV-vis
spectrophotometer equipped over the range from 200-800nm. BaSO,4 was used as a reflectance standard to
measure UV-Vis diffuse reflectance spectra. The X-ray diffraction (XRD) patterns were measured on a (Rigaku
Rotalflex, RU-200B) X-ray diffractometer using Cu Ka radiation (wavelength 0.15405 nm) with a Ni filter. The
tube current was 100 mA with a tube voltage of 40 kV. The 20 angular regions between 15 and 65° were
explored at a scan rate of 5°/min. For all XRD tests, the resolution in 20 scans was kept at 0.02° for all the
measurements.

Raman analysis was done by using Sentara infinity 1 Bruker with using laser light at 530 nm, intensity
2 mW for 5 lops per 2s and resolution equal to 3-5 cm. Spectrofluorophotometer RF-540 Shimadzu was used to
analyze the photoluminances for TiO, and composites in the range of 350-650 nm. The total organic carbon
TOC was done by using TOC 5000A Shimadzu. Surface area estimation of the TiO, powders has been
performed by the Brunauer-Emmett-Teller (BET) method, performed on a Micrometrics Automate 23
apparatus. The samples have been previously heated to 125 °C for 30 min to remove possible contaminants and
humidity adsorbed on their surfaces. The measurements have been performed using a gas mixture containing 30
% N, and 70 % He. The band-gap energies E, value was determined using the Kubelka-Munk function™ of
optical absorption for allowed direct transitions:

hv = A (hv — Ep)"?

Where A is the absorption coefficient and (hv) is the discrete photon energy. The value of band gap energy ( E,)
can be calculated from diffuse reflectance data. The extrapolating linear portion of the (FR x hv)"* vs hv curves
to FR = 0 which refer to the value of E, band gap.

The most important consideration that TiO, absorbance occurred below 400 nm, whereas for SWNTs
and MWNTs broad peaks of absorption can be observed between 450-1000 nm. Figure 1 shows the UV-Vis
diffuse reflectance spectra of CNT/TiO, composites. The red shift of absorbance for composites in UV- light
region due to: ascribed to intrinsic property of CNTs, inhomogeneous mixing between TiO, and CNTs which
can act as excellent carrier electrons®'.
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Figure 1.Band gap for TiO, , TiO»/1%SWNT , TiO,/1% MWNT .

The X-ray diffraction (XRD) patterns were used to tested the agglomerations estimation byline
broadening measurements in the Debye—Scherrer equation®’.

d=K2xi/P cosd

Where d is the average crystallite size, A is the X-ray wavelength in nanometer (nm) and that equal to ( 0.15405
nm), B is the peak width of the diffraction peak profile at half maximum height resulting from small crystallite
size in radians and K is a constant related to crystallite shape mostly equal to 0.9. The peaks at 25.3° and 27.4°
are the characteristic reflection for anatase and rutile, respectively for TiO,.

Figure.2 shows the characteristic peaks of CNTs appears at 26=25.9° and 43.2°, due to diffraction from
C (100) and C (002) planes of the carbon nanotubes™*.

Figure.3 for pristine and modifying TiO, with SWNTs and MWNTs The first peak disappears in binary
composites because the overlapped for these peak with the anatase peak of TiO, at 25.9°°'. The second peak of
CNTs seem weak and increase in intensity with change the type of CNTs, which is larger within SWNTs as
compare with MWNTSs. The result shows that agglomerations of compound significantly affected by CNTs
when reduce in exist of SWNTs more than MWNTs™®,
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Figure 2.The XRD patterns for SWNT and MWNT
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Figure 3.The XRD patterns for pristine and modify TiO, with SWNT and MWNT

and MWNTSs. The 2D and G+D bands were typical shown for the two types of CNTs’.
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The Raman spectra in Figure.4 show Both spectra G band at 1582 cm™ corresponding to the -C-C-
bond in the wrapped graphene plane, and D band at 1330 cm™ corresponding to the C-related defects of SWNT
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Figure 4. Raman shift for SWNTs and MWNTs .

Intensity (a.u.)

v,

50

—Ti02

TiO2/1%SWNT

TiO2/1%MWNT

300

550 800

1050 1300 1550 1800 2050 2300 2550

Raman Shift (em™)

Figure 5. Raman shift for Pristine TiO,, 1% SWNT/ TiO; and 1% MWNT/ TiO,.
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From Figure.5 the peaks in the 100-700 cm™ region confirmed the presence of anatase TiO, with a
dominating at 150 cm™ (Ey), 395.1 cm™ (By, ), 512.5 cm™ (A, + By, ) and 636.7 cm™ (E, ), respectively. The
rutile phase at 143, 235 cm’ which refer to the Bi,, two-phonon scattering, 445 cm’ E,, and 612 cm’ Ay,
respectively**. In the case of 1% CNT/TiO, composites, all the Raman bands for anatase still remain with
slightly broadened as compared to the pure TiO,. The slight blue-shift of peaks relative to acid-treated of CNTs,
refer to the interfacial interaction between TiO, and acid-treated CNTs. The shift was more for SWNTs than
MWNTs which agree with their decrease in agglomerations as shown in Table 1. In addition, it is noteworthy
the peaks assigned to SWNTs within the composites exhibit broadening and more clear as compare with
composite which include MWNTSs* due to real connections' across the interface between CNTs and TiO,, not
just mere mixture™®.

Photoluminescence, PL, spectroscopy was used to determine the possibility of charge carrier trapping,
immigration, transfer, separation, and recombination holes e/h" in semiconductor®’. Figure.6 for PL spectra of
pristine TiO, nanoparticles,1%SWNT/TiO; and1% MWNT/TiO, nanohybrids which all feature a broad blue
emission at 384nm and 479 nm under an excitement wavelength of 320 nm.

An emission peak at 384 nm corresponds to a direct band emission, the Fundamental band gap of 3.18
eV of TiO,. The emission peak at 479 nm associates to the emission process related to the presence of oxygen
vacancy defect in TiO,. The intensity of these peaks is proportional to the possibility of such emission processes
to occur.

The CNTs behave an important roles to act as an electron reservoir to trap electrons emitted from TiO,
particles, which result in hindering electron-hole pair recombination. The shifts of peak is like a result for the
trapping of the electrons at the active site of composite”. The composites showed reduces in PL intensity which
refer to reduce in charge recombination for composite with SWNTs more than the composite that contains for
MWNTs. This refer to new evidence of the better attachment for the SWNT/Ti0; than MWNT/TiOz48.
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Figure 6. Flurecences spectra for TiO,, TiO,/1%SWNT and TiO,/1% MWNT

The value of surface area shows interesting results when TiO,/1%SWNT has less value as compare
with TiO,/1%MWNT. The interesting related to 1282 m?*/g for SWNTs while 238 m?*/g for MWNTs, which
may refer to higher distribution for SWNTs in TiO, and strong connections.

Effect of CNTs on the adsorption property of TiO;

The adsorption dynamics for the Cobalamin with TiO, and the two types of synthesis photocatalysts
composite are shown in Figure.7, results shows that the amount of the Cobalamin adsorbed onto photocatalyst
increases with the composite TiO»/1%MWNT more than TiO,/1%SWNT and pristine TiO, which can be
arranged as the following: TiOy/1%MWNT>Ti0y/1%SWNT>TiO,
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The equilibrium was achieved within 30 min for the three photocatalysts. Although surface area for
MWNTs was less than SWNTSs, but the interesting was MWNT/TiO, more active for adsorption. This result
obtained in many literatures which deals with synthesis of binary composite for TiO, and CNTs". This
behavior may be related to the Small internal diameter for SWNTs then MWNTs with large size of the
molecule Cobalamin which limited the adsorption within SWNTs.

—— 25P 255WNT/P%1 ==l 25MWNT/P%1
1 zi 5 T - =
0.8 — = —
0.6
O
~
|9
0.4
0.2
0
0 10 20 i 3/0_ 40 50 60
time/min.

Figure 7. dark reaction for TiO;, TiO,/1%SWNT and TiO,/1%MWNT with, 40ppm Cobalamin at 298K

The activities of adsorption was agree with the results of surfaces areas for synthesis composites.
3-3-Effect of CNTs on the photodegradation of Cobalamin with TiO,

The photolysis of Cobalamin without catalyst shows that the sources of illumination did not make any
photolysis for Cobalamin. The decolorization process of Cobalamin by pristine TiO, and the two types of
synthesis composite as a photocatalyst shows clear changes in activity. The decolorization activity of TiO,
increases greatly in existent of CNTs, especially MWNTSs which enhance the adsorption more than SWNTs as
shown in Figure 8.

The photodegradation experiments by UV irradiation of the Cobalamin solutions follow the pseudo-
first-order kinetics with respect to the concentration of dyestuff in the bulk solution (C):

dC
S Ky €
When made Integration for this equation and by using the same restriction of C = C, at t = 0, and C,
being the initial concentration in the bulk solution before starting the light reaction, thus the equation become

h(%)  Kapp ©

where K,,, is the apparent reaction rate constant. A plot of In (Cy/C) versus t for Cobalamin degradation with
different composite of SWNT/TiO, and MWNT/ TiO, photocatalysts is shown in Figure 3. The value of K,
can be obtained directly from the slope of the respective linear curves in the Figure 9. Comparing the K,,, for
the photodegradation of Cobalamin with TiO, and the two types of composites.
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Figure 8. Degradation reaction for (175mg) pare TiO;,1%SWNT/ TiO,, and 1% MWNT/ TiO, with 40
ppm Cobalamin at 298K in exist of O, gas and light intensities 1.3 m W/cm’.
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Figure 9. The changes in In(C,/C;) with adsorption time for TiO;, 1% SWNT/ TiO; and 1% MWNT/
TiO,,with40ppm Cobalamin at 298K in exist of O, gas and light intensities 1.3 m W/cm’.

Table 1.Sumary of UV- light photodegradation of Cobalamin on pristine and two composites of CNT/
TiO,.

TOCs, | R K/s™ Co Band S Sample
gab/e V (m*/g)
79.12 1 0.0648 | =40 3.18 51 TiO,
88.28 125 | 0.0811 | 3839 | 2.85 71 Ti0,/1%SWNT
90.37 1.31 | 0.0851 | 31.14 | 2.9 80 TiO»/1%MWNT

The synergy factor ( R ) is expressed as the following equations
R = Kypp (T10o/ CNT)/ Kypp (T10,)

when ki, (TiO/ CNT) , ki, (T1i0,) refer to the apparent rate constant for decolorization in exist of composite
and TiO, respectively™. the CNTs causing increased in decolorization rate that attributed to increased the ability
of adsorption for TiO; in exist of CNTs in composite. The exists of SWCNTs into TiO, matrix causing a new
creates for kinetic synergetic effect more than MWCNTs. The adsorption abilities of MWCNTSs reduced the
color of Cobalamin before illumination but the SWNT win the competition after the illumination. Table 1
shows the value of adsorption at the equilibrium in dark reaction which represent starting point for
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decolorization process with three compounds. The last action may related to the strong interaction between
SWNTs and TiO, which enhance photocatalytic activity for SWNT/Ti0O, more than MWNT/TiO,.

A proposed mechanism for the enhanced the photocatalysis of composites are shown schematically in
FigurelO.

C
hw UV
\ U Light
VB
4 o

Figure 10. Schematic of a proposed model for TiO,/SWNT and TiO,/MWNT mechanisms.

Under UV illumination electrons are excited from valances band to the conduction band of the TiO,,
that leads to forming positive hole h” in valance band and negative charge in conduction band €”. Most of these
two charges will recombination quickly with losing many site which may react chemically, only <1% of
electron and hole will react’’. When CNTs attached to the surfaces of TiO, the exited electron in the conduction
band of TiO, will be transfer to the surfaces of CNTs. This will allowing for separation and prevent or at least
reduces the recombination process for the charges™.

The last process will lead to increase the live time for the hole which forming OH in high concentration
and the exited electron will react with O, gas to forming superoxide O,. The addition of small quantities CNTs
to the semiconductors causing: i- changes on conductivity” which explained change in activity for TiO,, ii-
reduce the agglomerations of TiO, in binary composites which lead to appear more active site. Thus the e/h"
will arrange in two side: the e on the surfaces of CNTs more ability to accept the electrons, then TiO,. The h"
or the positive charge stay without electron for more time (equation 1). The new active distribution of charge
start to produce free radical, the first O, forming when the ¢ react with O, (equation 2). The second represents
by reacting hydroxide ion with h* which produce OH (equation 3).

TiOy/CNT + hv — TiO,""* / CNT*® (1)
TiO,""® / CNT*“®*+0, — 0, + TiO,""? / CNT )
TiO,""® / CNT + OH—OH + TiO,/ CNT 3)

The band gab for TiO; about 3.18 ¢ V and the band gap for MWNTs which 0.5 eV while less than 0.1
eV for SWNTs. The higher conductivity of SWNTs as compare with MWNTs make the equation 1 and 2 faster
for SWNT/TiO, then MWNT/TiO, which explain the higher activity with SWNTs. The abilities of MWNTs
with TiO, were more active to remove Cobalamin color than SWNTs in the dark reaction. Table 1 shows
contrast to adsorption and mineralization through decolorization. The interesting in contrast may relate to ability
of SWNTs to remove the electrons from TiO, more than MWNTs thus the degradation was more active with
SWNTs.

To test the ability for reuse synthesis composite, the two types of composite was tested for three times
which were shows a good efficiency for the recycling TiO»/1%SWCNT and TiO»/1%MWCNT photocatalysts.
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Figure 11. The efficiency of two composites to reuse there times.

4-Conclusions

The coupling effect of adsorption/photocatalitc which accrued between carbon nanotubes by using

CNTs with TiO, had represented the key of high efficiency for decolorization and mineralization for
Cobalamin. This study demonstrates three important points: the first is the charge transfer is very sensitive and
effected by the types of carbon nanotubes. The second increase the ability of the new synthesis composite on
the adsorption as comparing with pristine semiconductor did not consider only condition that enhance the
activity. The third a good conductivity mostly gives a clear variation in potency. In this case SWNTs appear
more abilities to make enhanced in activity of TiO, as comparing with MWNTs. The presence of carbon
nanotubes, along TiO,, is significant, since they have not been observed or rare by compare for adsorption and
mineralization throw decolorization.
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