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Abstract— Water is one of the earth's most precious and 

threatened resource. During the past few decades, 

pharmaceutical industries have registered quantum jump 

contributing to high economic growth, but simultaneously it 

has given rise to severe environmental pollution. Many 

conventional and non-conventional treatment processes are 

available to deal with the wide array of waste produced from 

this industry. However, Nanomaterials have attracted much 

attention in the recent years due to their unique properties 

such as high surface to volume ratio, improved conductivity, 

optical properties and structural properties. In the present 

work, synthesis of TiO2 nanoparticles via a facile sol-gel 

method is carried out. The prepared photo catalyst is 

characterised by UV, XRD, SEM and FTIR analysis. These 

findings could be utilized in the successful development of 

TiO2 photo catalyst in the treatment of real pharmaceutical 

effluent. 

Key words: Nanoparticles, TiO2, Photo catalyst, sol-gel 

method, Pharmaceutical wastewater 

I. INTRODUCTION 

Over the past few years, pharmaceutical industries are 

considered to be a serious environmental problem [1]. 

Pharmaceuticals constitute a large group of human and 

veterinary medicinal compounds and drugs which have long 

been used throughout the world. Although a number of these 

pharmaceuticals in the aquatic environment is low, its 

continuous input may constitute in the long term a potential 

risk for both aquatic and terrestrial organisms [2]. 

Therefore, the development of efficient, cost-

effective, and stable methods and materials for the 

wastewater treatment have gained more recognition in 

recent years. Despite being several available technologies, 

no single technology can completely remove 

pharmaceuticals pollutants from water. In this context, 

nanomaterials have gained much attention due to its special 

properties such as the high surface area to volume ratio, 

improved conductivity, optical properties and structural 

properties. The use of AOPs (Advanced Oxidation 

Processes) and green methods such as Photo catalysis 

appear to be the best which would result in effective 

wastewater treatment. 

Photocatalysis is usually done using a metal-oxide 

catalyst under the presence of light. A metal-oxide is simply 

a metal(M) connected to an Oxygen atom (O) or oxygen 

molecule(O2). Among all the metal-oxide nanoparticles, 

TiO2 nanoparticles have gained attention since past century 

due to the following reasons: 

 Photostability 

 Inertness 

 Compatibility 

 Strong Oxidising power 

 Affordable price [3] 

This paper aims to investigate the photocatalytic 

properties of TiO2 that is synthesised using Sol-gel process. 

The sol-gel processing is the most successful method for 

preparing nano-sized metal-oxide semiconductors. It is a 

low-temperature route used to obtain better crystalline 

products. In this process, TiO2 is usually prepared by 

hydrolysis followed by condensation and polycondensation 

of the titanium alkoxides (Ti(OR)4). Oxo-polymers are 

formed in these reactions and then transferred into an oxide 

network. 

The overall reaction is usually written as follows: 

      M(OR)n + n/2 H2O  MOn/2 + n/2 ROH  (1) 

II. EXPERIMENTAL SESSION 

A. Materials 

Titanium isopropoxide [Ti{OCH(CH3)2}4] is used as a 

precursor, ethanol (C2H5OH, 95% pure) and Isopropyl 

alcohol (C3H8O) are purchased from Sigma Aldrich 

Chemicals (India) Ltd. Real pharmaceutical effluent was 

collected at Siflon drugs & Pharmaceuticals pvt ltd, 

Anantapur and is used as model solution in present study. 

All the reagents were analytically pure and used as received 

without further purification. The distilled water was used 

throughout the experiments.  

B. Synthesis of TiO2 nanoparticles 

A saturated solution of 150 ml ethanol and 3.75 ml of 

distilled water is prepared and is uniformly mixed for 30 

minutes. To this mixture, 9 ml of TTIP was added drop wise 

to control hydrolysis reaction. The reaction mixture was 

kept under agitation for 4 h at 85˚C under uniform magnetic 

stirring. After that, the sample was dried at 80˚C for 20 min 

and calcined in a muffle furnace for 3 h at 400˚C to yield the 

anatase phase TiO2 nanoparticles. [5]— [6]. 

III. RESULTS & DISCUSSION 

A. Characterization of Nanoparticles 

1) UV-VIS Spectroscopy 

The spectrometer is an instrument designed to measure the 

spectrum of the compound. Fig. 1 represents the UV 

spectrum of photocatalyst TiO2 nanoparticles. The spectrum 

shows a peak at 340 nm that corresponds to near UV region 

and the band gap of TiO2 nanoparticles is thus estimated to 

be 3.65 eV. Hence the observed UV absorbance of TiO2 

nanoparticles demonstrates that it tends to react with higher 

activation energy. 
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Fig. 1: UV absorbance spectra for TiO2 nanoparticles 

2) XRD analysis 

In order to understand the crystalline nature of synthesized 

materials, X-ray diffractogram (XRD) pattern has been 

taken as shown in Fig. 2. The diffractogram pattern taken 

were indexed properly for all crystalline peaks and 

compared with JCPDS data file. Fig. 2 shows the major 

peaks at 2θ values of 25.48°, 38.72°, 48.26°, 55.43°, 63.22° 

corresponds to the planes of (101), (004), (200), (211), and 

(024) tetragonal anatase TiO2 (JCPDS Card No. 21-1272) 

[7]. The crystallite size of TiO2 nanoparticles was estimated 

to be 19.11 nm from Debye Scherrer formula.  

 
Fig. 2: XRD pattern of TiO2 nanoparticles 

3) SE Micrographs 

In order to study the surface morphology and topography of 

synthesized nano TiO2 particles, Scanning electron 

microscopy (SEM) studies were done. SEM image of TiO2 

nanoparticles depicted in Fig. 3 has an average particle size 

of 81.2 nm and clearly shows the spherical shape of TiO2 

nano particles.  

 
Fig. 3: SEM images of TiO2 nanoparticles 

4) Fourier Transform InfraRed spectra (FTIR) 

In order to determine the functional groups present in the 

synthesized material, FTIR analysis was done (Fig 4). The 

broad band observed at 3407.93 cm-1 was assigned to the 

asymmetrical and symmetrical stretching vibrations of a 

hydroxyl group (OH) of TiO2, the band at 1637.20 cm-1 was 

corresponds to deformative vibration of TiOH stretching 

modes and the band at 772.00 cm-1 corresponds to the TiO 

bending mode of TiO2 [8]. Hence, the synthesized 

nanoparticles confirm the presence of TiO2 bonds.  

Fig. 4: FTIR spectra of TiO2 nanoparticles 

Table 1 presents the detailed bonding and 

stretching of FTIR peak table for TiO2 nanoparticles 

synthesized via sol-gel method.  

Functional group Frequency (cm-1) 

Alcohol OH stretch 3600-3200 broad (s) 

Water OH stretch 3700-3100 (s) 

C=O vibrations 1700-1500 (s) 

CH2 bend 1480-1400 (m) 

Bending nodes of water Ti-OH 1600-1650 (s) 

Ti-O vibrations 600-685 (s) 

Table 1: FTIR Peak Table 

s- strong; m- medium 

IV. CONCLUSION 

The metal-oxide nanoparticles can be prepared via facile 

sol-gel processing method. From the results obtained, UV 

absorbance for TiO2 photocatalyst is observed at 340 nm 

which corresponds to near UV region. XRD gives the 

crystallite size that is estimated to be 19.11 nm. Thus, the 

obtained TiO2 photocatalyst is highly crystalline. SEM 

analysis resulted in the average particle size of TiO2 

nanoparticles to be 81.2 nm. FTIR confirms the presence of 

TiO2 bonds at 3407.93 cm-1, 1637.20 cm-1 and 772.00 cm-1 

which correspond to the hydroxyl group of TiO2, Ti-OH 

stretching and Ti-O bending respectively. Hence, it is 

concluded that TiO2 metal-oxide nanoparticles can be used 

to treat pharmaceutical wastewaters. 

ACKNOWLEDGEMENT 

The authors of the present article were thankful to the Head 

of Chemical Engineering department, JNTUA College of 

Engineering, Anantapur for providing the facilities to carry 

out the experiments. Further, authors acknowledge the 

services of OTRI-JNTUA and Osmania University(OU), 



Experimental Investigation on Mechanical Properties of HYBRID Fibre Reinforced Concrete 

 (IJSRD/Vol. 5/Issue 06/2017/129) 

 

 All rights reserved by www.ijsrd.com 500 

Hyderabad for providing various characterization tools in 

analysis/interpretation of the synthesized samples. 

REFERENCES 

[1] H. Bagheri, A. Afkhami and A. Norooji, “Removal of 

pharmaceutical compounds from hospital wastewater 

using nanomaterials: A Review”, Anal. Bio anal. Chem. 

Res., Vol. 3, No. 1, pp. 1-18, June 2016. 

[2] Maria Clavarioti, Dionissios Mantzavinos, Despo 

Kassinos, “Removal of residual pharmaceuticals from 

aqueous systems by advanced oxidation processes”, 

Environment International, Vol. 35, 2009, 402–417. 

[3] Young-Gu KANG, Kwang-Hyeok LEE, Hyun-Sik 

HAHM, “Preparation of visible light sensitive nano-

sized N-TiO2 photocatalysts and their photocatalytic 

activity under visible light”, Turkish Journal of 

Chemistry, Vol. 39, pp. 159 -168, 2015. 

doi:10.3906/kim-1407-49. 

[4] Hui Zhao, Wuyou Fu et. al., “Synthesis and 

characterization of TiO2/Fe2O3 core–shell 

nanocomposite film and their photoelectrochemical 

property”, Applied Surface Science, Vol.  257, 2011, 

pp. 8778– 8783. 

[5] Dilip Kumar Behara, Arun Prakash Upadhyay et al., 

“Heterostructures based on TiO2 and Silicon for Solar 

Hydrogen generation”, Advanced Functional Materials, 

(219–281), 2015, Scrivener Publishing LLC, Ashutosh 

Tiwari and Lokman Uzun (eds.), online ISBN No: 

9781118998977) 

[6] Arun Prakash Upadhyay, Dilip Kumar Behara, et al., 

“Fabricating appropriate Band-Edge-Staggered Hetero 

Semiconductors with Optically Activated Au 

Nanoparticles via Click Chemistry for 

Photoelectrochemical Water Splitting”, ACS 

Sustainable Chem. Eng., Vol. 4 (9), pp. 4511–4520, 

2016. 

[7] Astam K. Patra, Arghya Dutta, and Asim Bhaumik, 

“Highly Ordered Mesoporous TiO2-Fe2O3 Mixed Oxide 

synthesized by Sol-Gel Pathway: An Efficient and 

Reusable Heterocatalyst for Dehalogenation reaction”, 

ACS Appl. Mater. Interfaces, Vol. 4, pp. 5022−5028, 

2012. 

[8] Augustine Amalraj and Anitha Pius, “Photocatalytic 

Degradation of Alizarin red S and Bismarck Brown R 

using TiO2 photocatalyst”, J Chem Applied Biochem., 1 

(1): 105, 2014.  

[9] Chandrakanth Gadipelly, Antía Pérez-González, et al.,  

“Pharmaceutical industry waste water: A review of the 

technologies for water treatment and reuse”, Ind. Eng. 

Chem. Res., 2014 

[10] Devagi Kanakaraju, Beverley D Glass and Michael 

Oelgemoller, “Titanium dioxide photocatalysis for 

pharmaceutical wastewater treatment”, Environmental 

Chemistry Letters, March 2014. DOI: 10.1007/s10311-

013-0428-0 

[11] Magdalena Janus, Ewelina Kusiak-Nejman, 

Antoni W. Morawski, “Determination of the 

photocatalytic activity of TiO2 with high adsorption 

capacity”, Reaction Kinetics, Mechanisms and 

Catalysis, Vol. 103, Issue 2, pp. 279-288, August 

2011. 

[12] P Calza, V A Sakkas, C Medana, C Baiocchi, A Dimou, 

E Pelizzetti, T Albanis, “Photocatalytic degradation 

study of diclofenac over aqueous TiO2 suspensions”. 

Appl Catal B, Environ, Vol. 67, 2006, pp. 197–205. 

[13] Rajkumar D, Palanivelu K, “Electrochemical treatment 

of industrial wastewater”, J Hazard Mater, 2004, 

113:123–9. 

[14] J Hartmann, P Bartels, U Mau, M Witter, W V 

Tumpling, J Hofmann, E Nietzschmann, “Degradation 

of the drug diclofenac in water by sonolysis in presence 

of catalysts”, Chemosphere, Vol. 70, 2008, pp. 453–61. 

[15] Rajender Singh Rana, Prashant Singh, et al., “A review 

on characterization and bioremediation of 

pharmaceutical industries’ wastewater: an Indian 

perspective”, Appl Water Sci, July 2014. DOI 

10.1007/s13201-014-0225-3 

[16] Xin Li, Guoyi Li, “A review: Pharmaceutical 

wastewater treatment technology and research in 

China”, APEEER, 2015. 

[17] Swati Saxena, Umesh Saxena, “Development of bimetal 

oxide doped multifunctional polymer nanocomposite 

for water treatment”, Int Nano Lett. DOI 

10.1007/s40089-016-0188-5 

[18] Mendez-Arriaga F, Esplugas S, Gimenez J, 

“Photocatalytic degradation of non-steroidal anti-

inflammatory drugs with TiO2 and simulated solar 

irradiation”, Water Res, Vol. 42, pp. 585–94, 2008. 

[19] Malygina T, Preis S, Kallas J., “The role of pH in 

aqueous photocatalytic oxidation of β-estradiol”, Int J 

Photoenergy, Vol. 7, pp. 187–91, 2005. 

[20] Meng Nan Chong, Bo Jin, “Photocatalytic treatment of 

high concentration carbamazepine in synthetic hospital 

wastewater”, Journal of Hazardous Materials, Vol. 

199– 200, 2012, pp. 135– 142 

[21] G. Suvarna Lakshmi, M.V.V. Chandana Lakshmi, 

“Removal of Organic Pollutants from the 

Pharmaceutical Effluent by TiO2 Based Photocatalysis”, 

International Journal of Innovative Research in 

Science, Engineering and Technology, Vol. 5, Issue 8, 

August 2016. 

[22] Jeongeon park, Hideki Sato, Kanako Shibata, Shuming 

Shao, Syouhei  Nishihama and Kazuharu Yoshijuka, 

“Adsorption of Arsenic by Fe3O4, TiO2 and Al2O3 

adsorbents, J Ion Exchange, May 2012. 

[23] Tayyebeh Madrakian, Abbas Afkhami, Reza Haryani 

and Mazaher Ahmadi, “Synthesis of y-Fe2O3/ TiO2 

nanocomposite and its application in removal of dyes 

from water samples by adsorption and degradation 

processes”, RCS Advances, 2014, 4, 44841. 

[24] Devesh Kapoor, “Impact of Pharmaceutical industries 

on environment, health and safety”, Journal of critical 

reviews, Vol. 2, Issue 4, 2015. 

[25] Geeta Chittala and Paul S Mogadati, “Performance 

studies on a pharmaceutical wastewater treatment plant 

with a special reference to total dissolved solids 

removal”, Int. J. LifeSc. Bt & Pharm. Res., Vol. 1, Issue 

1, January 2012. 

[26] Bozena Czech and Waldemar Buda, “Multicomponent 

nanocomposites for elimination of diclofenac in water 

based on an amorphous TiO2 active in various light 

sources”, Journal of Photochemistry and Photobiology 

A: Chemistry 3 30 (2016), pp. 64-70.  

https://link.springer.com/journal/11144
https://link.springer.com/journal/11144
https://link.springer.com/journal/11144/103/2/page/1


Experimental Investigation on Mechanical Properties of HYBRID Fibre Reinforced Concrete 

 (IJSRD/Vol. 5/Issue 06/2017/129) 

 

 All rights reserved by www.ijsrd.com 501 

[27] M. Qin, H. Yang, S. Chen, H. Xie, J. Guan, 

“Photochemical characteristics of diclofenac and its 

photodegradation of inclusion complexes with b-

cyclodextrins”, Quim. Nova, vol. 35, pp. 559–562, 

2012. 

[28] Mu Yao Guo, Fangzhou Liu, Yu Hang Leung, Alan 

Man Ching Ng, Aleksandra B. Djurisic, Wai Kin Chan, 

“TiO2 – carbon nanotube composites for visible 

photocatalysts- Influence of TiO2 crystal structure”, 

Current applied physics, 2013, 1-8. 

[29] Yonggang Luo and Daji Li, “Experimental study of 

nanometer TiO2 for use as an adsorbent for SO2 

removal”, Dev. Chem. Eng. Mineral Process, 10 (3/4), 

pp. 443-457, 2002. 

[30] Pawar M J and Nimbalkar V B, “Synthesis and Phenol 

degradation activity of Zn and Cr doped TiO2 

nanoparticles,” Research Journal of Chemical Sciences, 

Vol. 2(1), pp. 32-37, Jan 2012. 

[31] M G Mostafa and Jan Hoinkis, “nanoparticle adsorbents 

for Arsenic removal from drinking water: A review”, 

Int. J. of Environmental Science, Management and Eng. 

Res., Vol. 1(1), pp. 20-31, Jan-Feb 2012.  

[32] Nadia Chekir, Nadia Aicha Laoufi and Fatiha 

Bentahar, “Spiramycin photocatalysis under artificial 

UV radiation and natural sunlight,” Desalination and 

water treatment, Vol. 52, pp. 6832-6839, October 

2014. 

[33] Jinhan Mo, Yinpin Zhang , Qiujian Xu and Rui Yang, 

“Effect of TiO2 adsorbent hybrid photocatalysts for 

toluene decomposition in gas phase,” Journal of 

Hazardous materials, Vol. 168, pp. 276-281, 2009. 


