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Abstract: Carbon doped TiO2 (C-TiO2) nanomaterials were successfully synthesized by
microwave irradiation method and subsequently the surface characterization of C-TiO2 was
carried out using X-ray diffraction (XRD), Scanning electron microscopy (SEM) and UV-
Visible  spectroscopy.  The  XRD  pattern  shows  the  formation  of  anatase  structure  of
synthesized C-TiO2 and SEM image shows the nanoporous morphology of synthesized C-
TiO2 nanomaterials. The synthesized C-TiO2 nanomaterials were successfully decomposed
the methylene blue dye under UV light irradiation. The higher colour removal efficiency of
91.32 % was achieved for the sample calcinated at 400oC.
Keywords: Carbon doped Titanium Dioxide; Nanoporous; Microwave; Photocatalytic
activity.

1. Introduction

Nowadays, photocatalytic degradation process to decompose the organic pollutants have been attracted
a remarkable interest among the researchers. Photocatalytic degradation using metal oxides have been paying
attention as a useful tool to eliminate the organic pollutants in waste water. Several semiconductor nanoparticles
(ZnO, SnO2, WO3 and TiO2) have been utilized for the photocatalytic applications [1-13]. Among the metal
oxides, TiO2 is one of the most attractive photocatalyst for degradation of organic pollutants. TiO2 has many
advantages such as high stability, biocompatibility, corrosion resistance, low cost, availability and non-toxicity
[14, 15]. Regrettably, TiO2 has large band gap energy of 3.2 eV and it can be sensitive only under UV light
irradiation [16]. Recently, researchers are trying to rectify this problem by lowering the band-gap energy with
the doping of metal and/or non-metals into TiO2 to improve the photocatalytic activity. Non-metal dopants, such
as nitrogen, fluorine, sulfur and carbon have been attracted to increase the photocatalytic activity of TiO2 [17-
21]. Carbon absorbs a wide range of visible light and carbon doped TiO2 can reduces the band gap energy or
creates localized electronic states in the band gap that could improve the absorption of visible light [22-31].
Studies on the effect of carbon-doping with TiO2 in improving the visible light activity have been seldom
reported. The C-doped TiO2 was synthesized by various methods such as chemical vapour phase deposition,
pyrolysis and sol-gel method. Here, we attempted to develop C doped TiO2 material for photocatalytic
degradation process using simple and low cost Microwave irradiation method [32-34]. Microwave irradiation is
one of the attractive eco-friendly methods for the preparation of C doped TiO2 materials. In this work, we
successfully synthesized C doped TiO2 nanomaterials through microwave treatment and calcinated at 300oC and
400oC subsequently structural characterization was also carried out using X-ray diffraction (XRD), Scanning
electron microscopy (SEM) and UV-visible spectroscopy. The photocatalytic activity of the synthesized C
doped TiO2 nanomaterials was also investigated.
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2. Experimental

2.1. Materials preparation

The C-TiO2 nanomaterial was prepared by microwave irradiation method. 7.296g of starch was
dissolved in 45 ml of hot water and stirred for 30 min. The 5 ml of ammonium hydroxide (NH4OH) and 6 ml of
2-proponal was added into the starch solution. Then the solution was stirred continuously for 1 hr. Then, the
solution of titanium tetra-isopropoxide and 2-proponal was added to the above solution and subsequently white
colour precipitate was immediately obtained. The obtained precipitate was treated under microwave irradiation
using the power of 560 W for 10 min. Finally, the microwave irradiated powder was calcinated at 300oC and
400oC for 2 hr. The as-prepared sample and samples calcined at 300oC and 400oC were denoted as T1, T2 and
T3, respectively.

2.2. Photocatalytic degradation

The photocatalytic activity of C doped TiO2 nanomaterials was studied by decomposing the methylene
blue dye. Photocatalytic degradation experiments were carried out in a photocatalytic chamber containing 6W
lamps (254 nm) as source of UV light. The methylene blue dye solution of 200 ml with initial concentration of
10 mg/l and photocatalyst dose of 0.1 g was used. The solution was ultrasonicated for 5 min to remove
aggregates and it was kept in the dark for 1 h to ensure an adsorption-desorption equilibrium [35, 36]. Then, the
solution was poured into photocatalytic reactor and the solution was continuously stirred using magnetic stirrer.
Decolourization of methylene blue dye was tested at different time intervals (15 min) and the removal
efficiency was recorded. The colour removal efficiency of dye solution was calculated using the following
equation:

η% = (abs0− abst)*100 /abs0

Where, abs0 is absorbance of the dye solution at the initial and abst is the absorbance of the dye solution at the
time t, respectively.

2.3. Materials Characterization

The prepared nanopowder was analyzed using X-ray diffractometer (XPERT-PRO) with
monochromatic CuK��radiation (λ=1.5406Å). The particle shape and morphology was observed by SEM. The
SEM images were recorded on a JEOL-JSM-66101V using an accelerating voltage of 15.00 kV. UV–Vis
absorption spectrum of the samples was obtained with a UV–Vis spectrophotometer (Shimadzu UV-1800,
Japan).

3. Results and Discussion

3.1. XRD analysis

Fig. 1. XRD patterns of C-TiO2 samples as prepared and calcined at 300oC and 400oC

The XRD pattern of the C doped TiO2 samples such as as-prepared and calcined at 300oC and 400oC
are  shown  in  Fig.  1.  Fig.  1  describes  the  characteristic  peaks  of  the  as-prepared  and  calcined  samples,
respectively. The as-prepared and calcined at 300oC samples show broad X-ray peaks and it may be due to the
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presence of nanosized particles. The sample calcined at 400oC show peaks corresponds to anatase phase with a
preferred orientation of (101) plane at 2θ-25.29o in accordance with with the JGPDS card No: 84-1285. The
crystallite size was calculated using Scherrer’s equation. The calculated average crystallite size of C doped TiO2
sample (heat-treated at 400oC) is 17.19 nm.

3.2. SEM analysis

Fig. 2 shows the scanning electron microscopic image of the synthesized nanomaterials. Fig. 2a shows
the  SEM  image  of  as  prepared  C  doped  TiO2 sample prepared by the microwave irradiation of 10 min (T1
sample) and shows the nanoporous morphology with aggregated particles.  Fig. 2b shows the SEM image of the
sample calcined at 300oC (T2) and it has also show the nanoporous morphology with aggregated particles. Fig
2c shows the SEM image of the sample calcined at 400oC (T3) and it has shows open porous morphology.
Careful observation of SEM pictures shows the nanoporous morphology with formation of nanoparticles.

Fig. 2. SEM images of C-TiO2 samples as-prepared (a) and calcined at 300oC (b) and 400oC (c)

3.3. Photocatalytic activity test

The  photocatalytic  activity  of  C  doped  TiO2 samples were studied by photocatalytic degradation of
methylene blue dye under UV light irradiation. The concentration of the dye was fixed as 10 mg/l for
photocatalytic measurement. The amount of photocatalyst used for the dye degradation study is 0.1g (T1, T2
and T3 samples). The higher colour removal efficiency was observed with T3 photocatalyst and it is shown in
Fig. 3. The maximum colour removal efficiency of 91.32 % was achieved within 180 min by addition of 0.1g
T3 photocatalyst. Fig. 4 displays the UV-Vis spectra of methylene blue dye in the presence of T3 sample under
UV light. The characteristic peak of the methylene blue dye showed absorption at 665 nm and the intensity of
the methylene blue absorption decreases with the increase of the reaction time.

Fig. 3 Comparison of dye degradation efficiency in presence of C-TiO2 samples  as  prepared  (T1)  and
calcined at 300oC (T2) and 400oC (T3) under UV light irradiation
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Fig.4. UV-visible spectra of methylene blue in presence of calcined sample C-TiO2 T3  under  UV  light
irradiation

3.4. Kinetics

Kinetic study was performed to study the photocatalytic activity of C-TiO2 nanomaterials. The
photodegradation of methylene blue was found to follow the first-order kinetics. The kinetics equation can be
expressed as follows:

ln C0/Ct = kt

where, Ct is the concentration of the reactant at t time, C0 is the initial concentration of the reactant and k is the
first-order rate constant.

The kinetic study of the methylene blue dye degradation with C-TiO2 samples  (T1,  T2  and  T3)  are
shown in Fig. 5 [37-39]. As prepared (T1) and 400oC calcinated sample (T3) exhibit similar rate constant value
with higher photocatalytic activity compared with T2. The rate constants of the methylene blue degradation
calculated for T1, T2 and T3 samples were 0.03639 min-1, 0.01139 min-1 and 0.03572 min-1, respectively.

Fig. 5. Kinetics of the photocatalytic activity of C-TiO2 samples (as prepared (T1) and calcined at 300oC
(T2) and 400oC (T3) under UV light irradiation

4. Conclusions

C doped TiO2 nanomaterial was synthesized by simple and cost effective microwave irradiation
method. The synthesized material was characterized using XRD, SEM and UV-visible spectroscopy. The
prepared C doped TiO2 could successfully decompose the methylene blue dye under UV light irradiation. The
maximum colour removal efficiency of 91.32 % was achieved within 180 minutes by addition of 0.1 g of T3
photocatalyst.



S. Karuppuchamy et al /Int.J. ChemTech Res. 2015,8(7),pp 278-283. 282

References

1. Giwa A. Nkeonye P.O. Bello K.A. and Kolawole K.A., Photocatalytic decolourization and degradation
of C. I. Basic Blue 41 Using TiO2 Nanoparticles, J. Environ. Prot., 2012, 3, 1063-1069.

2. Santhi K. Manikandan P. Rani C. and Karuppuchamy S., Synthesis of nanocrystalline titanium dioxide
for photodegradation treatment of remazol brown dye, Applied Nanoscience, 2015, 5, 373-378.

3. Karuppuchamy S. Iwasaki M. and Minoura H., Physico-chemical, photoelectrochemical and
photocatalytic properties of electrodeposited nanocrystalline titanium dioxide thin films, Vacuum,
2007, 81, 708-712.

4. Matsui H. Kuroda T. Otsuki K. Yokoyama K. Kawahara T. Karuppuchamy S. and Yoshihara M.,
Electronic behavior of calcined material from a tellurium-S-phenylene-O-strontium-O-phenylene-S
hybrid copolymer, Tanso, 2006, 222, 114-117.

5. Matsui H. Santhi K. Sugiyama S. Yoshihara M. and Karuppuchamy S., Visible light-induced
photocatalytic activity of SiO2/carbon cluster composite materials, Ceram. Int., 2014, 40, 2169–2172.

6. Furukawa T. Matsui H. Hasegawa H. Karuppuchamy S. and Yoshihara M., Electronic behaviours of
calcined materials from a (S-nickel-S-phenylene-O)-strontium-(O-phenylene-S-selenium-S) hybrid
copolymer, Solid State Commun., 142 (2007), 99-103.

7. Yamamoto S. Matsui H. Ishiyama S. Karuppuchamy S. and Yoshihara M., Electronic behavior of
calcined material obtained from a tantalum-O-phenylene-S-tin-S-phenylene-O hybrid copolymer,
Mater. Sci. Eng., B: Solid-State Mater. Adv. Technol., 2006, 135, 120-124.

8. Park  J-H.  Choi  E.  and  Gil  K-I.,  Removal  of  reactive  dye  using  UV/TiO2 in  circular  type  reactor,  J.
Environ. Sci. Health., Part A: Toxic/Hazard. Substances Environ. Eng., 2003, 38, 1389–1399.

9. Suzuki N. Karuppuchamy S. and Ito S., Uniform coating of a crystalline TiO2 film onto steel plates by
electrochemical deposition using staged pulse current, J. Appl. Electrochem., 2009, 39, 141-146.

10. Matsui H. Kawahara T. Kudo R. Uda M. Karuppuchamy S. and M. Yoshihara., Electronic behaviors of
calcined materials obtained from samarium-O-aryl moiety hybrid copolymers, J. Alloys Compd., 2008,
462, 20-23.

11. Matsui H. Karuppuchamy S. Yamaguchi J. and Yoshihara M., Electronic behavior of calcined materials
obtained from SnO2 hydrosol/starch composite materials, J. Photochem. Photobiol. A: Chem., 2007,
189, 280-285.

12. Karuppuchamy S. and Ito S., Cathodic electrodeposition of nanoporous ZnO thin films from new
electrochemical bath and their photoinduced hydrophilic properties, Vacuum, 2008, 82, 547-550.

13. Kawahara T. Kuroda T. Matsui H. Mishima M. Karuppuchamy S. Seguchi Y. and Yoshihara M.,
Electronic properties of calcined materials from a scandium-O-phenylene-O- yttrium-O-
phenylene hybrid copolymer, J. Mater. Sci., 2007, 42, 3708-3713.

14. Karuppuchamy S. Suzuki N. Ito S. and Endo T., A novel one-step electrochemical method to obtain
crystalline titanium dioxide films at low temperature, Curr. Appl. Phys., 2009, 9, 243-248.

15. Thamima M. and Karuppuchamy S., Biosynthesis of Titanium Dioxide and Zinc Oxide Nanoparticles
from Natural Sources: A Review, Adv. Sci. Eng. Med., 2015, 7, 18-25.

16. Ren  W.  Ai  Z.  Jia  F.  Zhang  L.  Fan  X.  and  Zou  Z.,  Low  temperature  preparation  and  visible  light
photocatalytic activity of mesoporous carbon-doped crystalline TiO2,  Applied  Catalysis  B:
Environmental, 2007, 69, 138–144.

17. Matsui H. Saito Y. Karuppuchamy S. and Yoshihara M., The electronic behaviors of
TiO2/MnO2/carbon clusters composite materials obtained by the calcination of a
TiO(acac)2/Mn(acac)3/epoxy resin complex,  Curr. Appl. Phys., 2009, 9, 1203-1209.

18. Milad A.M.H. Minggu L.J. Kassim M.B. and Daud W.R.W., Carbon doped TiO2 nanotubes
photoanodes prepared by in-situ anodic oxidation of Ti-foil in acidic and organic medium with
photocurrent enhancement, Ceram. Int., 2013, 39, 3731–3739.

19. Matsui H. Saitou Y. Karuppuchamy S. Hassan M.A. and Yoshihara M., Photo-electronic behavior of
Cu2O-and/or CeO2-loaded TiO2/carbon cluster nanocomposite materials, J. Alloy. Compd., 2012, 538,
177-182.

20. Matsui H. Okajima T. Karuppuchamy S. and Yoshihara M., The electronic behavior of
V2O3/TiO2/carbon clusters composite materials obtained by the calcination of a
V(acac)3/TiO(acac)2/polyacrylic acid complex, J. Alloy. Compd., 2009, 468, 27-32.

21. Matsui H. Nagano S. Karuppuchamy S. and Yoshihara M., Synthesis and characterization of
TiO2/MoO3/carbon clusters composite material, Curr. Appl. Phys., 2009, 9, 561-566.

https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:UebtZRa9Y70C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:UebtZRa9Y70C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:_FxGoFyzp5QC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:_FxGoFyzp5QC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:roLk4NBRz8UC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:roLk4NBRz8UC


S. Karuppuchamy et al /Int.J. ChemTech Res. 2015,8(7),pp 278-283. 283

22. Lee  S.  Lee  Y.  Kim  D.H.  and  Moon  J.H.,  Carbon-Deposited  TiO2 3D Inverse Opal Photocatalysts:
Visible-Light Photocatalytic Activity and Enhanced Activity in a Viscous Solution, ACS Appl. Mater.
Interfaces, 2013, 5, 12526−12532.

23. Matsui H. Yamamoto S. Sasai T. Karuppuchamy S. and Yoshihara M., Electronic behavior of
WO2/carbon clusters composite materials, Electrochemistry, 2007, 75, 345-348.

24. Oekermann T. Karuppuchamy S. Yoshida T. Schlettwein D. Wöhrle D. and Minoura H.,
Electrochemical self-assembly of ZnO/SO3EtPTCDI hybrid photoelectrodes, J. Electrochem. Soc.,
2004, 151, 62-68.

25. Kawahara T. Miyazaki H. Karuppuchamy S. Matsui H. Ito M. and Yoshihara M., Electronic nature of
vanadium nitride-carbon cluster composite materials obtained by the calcination of
oxovanadylphthalocyanine, Vacuum, 2007, 81, 680-685.

26. Matsui H. Ohkura N. Karuppuchamy S. and Yoshihara M., The effect of surface area on the photo-
catalytic behavior of ZrO2/carbon clusters composite materials, Ceram. Int., 2013, 39, 5827-5831.

27. Matsui H. Bandou N. Karuppuchamy S. Hassan M.A. and Yoshihara M., Efficient photocatalytic
activity of MnO2-loaded ZrO2/carbon cluster nanocomposite materials under visible light irradiation,
Ceram. Int., 2012, 38, 1605-1610.

28. Matsui H. Bando N. Karuppuchamy S. Jeong J-M. and Yoshihara M., Synthesis and characterization of
ZrO2/MnO2/carbon clusters nanocomposite materials, Superlattices Microstruct., 2011, 50, 427-436.

29. Matsui H. Kira K. Karuppuchamy S. and Yoshihara M., The electronic behaviors of visible light
sensitive Nb2O5/Cr2O3/carbon clusters composite materials, Curr. Appl. Phys., 2009, 9, 592-597.

30. Miyazaki  H.  Matsui  H.  Kuwamoto  T.  Ito  S.  Karuppuchamy  S.  and  Yoshihara  M.,  Synthesis  and
photocatalytic activities of MnO2-loaded Nb2O5/carbon clusters composite material, Microporous.
Mesoporous Mater., 2009, 118, 518-522.

31. Miyazaki  H.  Matsui  H.  Kita  Y.  Karuppuchamy  S.  Ito  S.  and  Yoshihara  M.,  Electronic  behavior  of
visible light sensitive ZrO2/Cr2O3/carbon clusters composite materials, Curr. Appl. Phys., 2009, 9, 155-
160.

32. Dhilip Kumar R. and Karuppuchamy S., Synthesis and characterization of nanostructured Zn-WO3 and
ZnWO4 by simple solution growth technique, J. Mater. Sci. Mater – Electron., 2015, 26, 3256-3261.

33. Dhilip Kumar R. and Karuppuchamy S., Facile synthesis of honeycomb structured SnO/SnO2
nanocomposites by microwave irradiation method, J. Mater. Sci. Mater. Electron., in press.

34. Dhilip Kumar R. and Karuppuchamy S., Microwave-assisted synthesis of copper tungstate nanopowder
for supercapacitor applications, Ceram. Int., 2014, 40, 12397–12402.

35. Regulska E. and Karpinska J., Investigation of novel material for effective photodegradation of
bezafibrate in aqueous samples, Environ. Sci. Pollut. Res., 2014, 21, 5242-5248.

36. Gomez-Solis C. Sanchez-Martinez D. Juarez-Ramirez I. Martinez-de la Cruz A. and Torres-Martinez
L.M., Facile synthesis of m-WO3 powders via precipitation in ethanol solution and evaluation of their
photocatalytic activities, J. Photochem. Photobiol. A: Chem., 2013, 262, 28– 33.

37. Sungpanich J. Thongtem T. and Thongtem S., Photocatalysis of WO3 nanoplates synthesized by
conventional-hydrothermal and microwave-hydrothermal methods and of commercial WO3 nanorods, J.
Nanomater., 2014, 2014, 1-8.

38. Chen S. Tang W. Hu Y. and Fu X., The preparation and characterization of composite bismuth tungsten
oxide with enhanced visible light photocatalytic activity, CrystEngComm, 2013, 15, 7943- 7950.

39. Shen  Y.  Li  F.  Li  S.  Liu  D.  Fan  L.  and  Zhang  Y.,  Electrochemically  enhanced  photocatalytic
degradation of organic pollutant on β-PbO2-TNT/Ti/TNT bi-functional electrode, Int. J. Electrochem.
Sci., 2012, 7, 8702 – 8712.

*****

https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:hqOjcs7Dif8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&citation_for_view=YjTX-qMAAAAJ:hqOjcs7Dif8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&cstart=80&citation_for_view=YjTX-qMAAAAJ:2P1L_qKh6hAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YjTX-qMAAAAJ&cstart=80&citation_for_view=YjTX-qMAAAAJ:2P1L_qKh6hAC

