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ABSTRACT

Nanocrytalline Y 4 Ti o5 Hfy 7501, (YTHO) is successfully synthesized through single step auto ignited combustion technique. The structure

of the sample is examined by X-ray Diffraction (XRD) technique. The crystalline size of the as prepared sample is analyzed by using

Scherrer formula. The evaluation of the degradation of dye using YTHO is activated using UV light. Adsorption of dye on the as prepared

nanoparticles, being the first and important step, is explored experimentally to study the degradation of the sample in dark room. A pseudo-

second order reaction equation is found to be matching well with the experimental data for this sample suggesting that adsorption of

methylene blue on YTHO is a surface controlled reaction step. Photocatalytic activity is analyzed by the degradation of methylene blue

(MB) under UV light. The percentage degradation of the sample is 26.3 %. The rate of degradation is also analyzed for the sample.

Keywords: Methelyne Blue, Degradation, Adsorption, Pseudo-second order.

1. INTRODUCTION

Most of the compounds with general formula A,B;.
103 (n = 3) are homologous series of trigonal
structures. These types of compounds are derived
from perovskite structures of intrinsic stacking faults
in the cubic close packing of AO; mixed layers. The
slabs of normal cubic perovskites are inter-grown
with regions stacked in hexagonal close packing. [1-
3].These
symmetry with trigonal -phase have stability and

compounds  having  rhombohedral
self- consistency [4-8]. They also undergo reversible
rhombohedral to fluorite-type phase transition and
advanced oxidation process that has proven to be a
promising method for elimination of toxic, bio-
resistant organic and inorganic compounds from

wastewater [17]. Recently photocatalysts have

applicable in electrolytes for solid oxide fuel cells,
oxygen sensors and refractory materials for high
temperature furnaces [9-16]. The efficient treatment
of industrial wastewaters and contaminated drinking
has become of immediate importance in a world. An
ideal waste treatment process will completely
mineralize all the toxic species present in the waste
stream without leaving behind any hazardous
residues. It is very expensive and a high effort

matter. Heterogeneous photocatalysis is one of the

attracted many researchers due to their potential
applications in solar energy conversion and
environmental pollution decomposition. Titanium

based materials have high stability, low cost, non-
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toxicity and are active only under ultraviolet
irradiation [18]. The advance oxidation process such
as ionizing radiation, sonification and the
combination of UV and ozone or hydrogen peroxide
are able to destroy environmentally persistent
pollutions due to their ability to generate the highly
oxidizing species, OH radical. This radical can be
generated at the suface of the titanium based
material when being irradiating with UV light [19-
24].

In this paper, we focus to prepare
Y4 TipasHfy 7501, (YTHO) nanopowders by single
step auto-igniting combustion technique and its
photoctalytic studies.

2 EXPERIMENTAL

The single step auto-igniting combustion method is
used to prepare nanostructured YTHO. In this
technique, yttrium oxide (dissolved in hot dilute
HNOs), hafnium chloride (dissolved in distilled
water) and titanium isopropoxide (dissolved in 25 ml
of ethanol with two drops of HNO;) are mixed in
stoichiometric proportions to make a clear solution.
The amount of citric acid is calculated based on total
valency of the oxidizing and the reducing agents for
maximum release during combustion and is then
added to it as a complexing agent. The oxidant to
fuel ratio of the system is adjusted by adding
concentrated nitric acid and ammonium hydroxide
and the ratio is kept unity. The solution containing

precursor mixture is heated using a hot plate at
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approximately 250 °C in a ventilated fume hood.
The solution boils on heating and undergoes
dehydration accompanied by foam. The foam then
gets ignited by itself on persistent heating giving
voluminous and fluffy product of combustion [25].
The structure of the as prepared samples is
characterized by X-ray diffractometer (Model
Bruker D-8) with Nickel filtered CuK, radiation in
the range 20-60° in step size of 0.0840.
Photocatalytic experiments are performed by
trial and error methods [26, 27]. Initially, 10 mg of
MB is dissolved in one litre of distilled water and
stirred well. Then 2 mg of YTHO is dispersed in the
MB solution for 30 minutes using ultrasonic
agitation. The unwanted powder from the solution is
removed using filter paper. The experimental setup
is kept in a dark room and the solution is well stirred
continuously for half an hour to ensure adsorption or

desorption equilibrium state. The equilibrium
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concentration of the sample is taken for measuring
the initial value of absorption before the UV
irradiation. Thereafter, 15 W of UV lamp is
irradiated to a bottle of solution, in which the
solution is kept at a distance of 5 cm from UV lamp.
For every 30 minutes, 25 ml of solution is taken into
a tube for measuring absorption using UV-Visible
Spectrophotometer (JASCO V-650). This process is
continued from 30 minutes to 120 minutes.
Percentage of degradation and rate of degradation as

a function of irradiation time are determined.

3 RESULTS AND DISCUSSIONS
3.1 X-ray DIFFRACTION

Fig. 1. shows the XRD pattern of the as prepared
sample, YTHO. All the peaks are indexed using
JCPDS File No: 29-1389and the structure of both
samples are found to be rhombhohedral, which
confirm the phase formation of both the samples.
Lattice constants of YTHO are calculated as a = 9.48
A and ¢ =8.66A respectively. The broadening of the
peak in sample may be due to the lattice strain and

the nano-sized crystalline nature of the sample [28].
Fig. 1.The XRD pattern of YTHO

The average crystallite size is determined by

Scherrer equation [28],
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where A is the wavelength of X-ray radiation
(1.54060 A), B is the Full Width at Half Maximum
(FWHM) of the peak and 6 is the diffraction angle.
The reflection, (211) of YTHO is identified and the
crystallite sizes are found to be 12.65 nm. This result
confirms that the preparation of as prepared
compounds by combustion technique offers ultrafine
nanopowders. Ulta fine nanoparicles of hafnium
based materials are applicable in optical system due
to their smaller size of the compound [25].

3.2 PHOTOCATALYTIC ACTIVITY

0.35
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degradation of
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The MB

solution with the respective samples dispersed in it
is irradiated with 15 W of UV light and the
degradation of the sample is evaluated in steps of 30
minutes time interval, upto 120 minutes. Absorbance
of YTHO is shown in Fig. 2. The spectrum of the
sample indicates the absorption band of the dye
decreased rapidly around 665 nm and have a small
shoulder around 600 nm. The absorption decreases

from YTHO samples. This implies that the
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absorption of the material decreases with increase in
time. Upon irradiation, the peak at 662 nm has a
progressive slight blue shift due to hypsochromic
effect [29, 30] The photocatalytic activity
meaurements shows the elimination of dark blue
colour of MB with increasing irradiation time. The
decrease of MB dye concentration as a function of
irradiation time is shown in Fig. 3. and its rate is also
shown in Fig.4. This result indicates the
photodegradation process of the sample is faster due
to the absorption of cataionic MB dye on the sample.

room temp
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Fig. 2. UV absortion spectra of MB after reacting
with YTHO at different time
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Fig. 3. Decreasing the concentration of MB dye.

The percentage of degradation (D) can be

calculated as

D% ="“CDx100 oo )

0

Fig. 4. The rate of decreasing the
concentration of MB dye.
where C, is the initial dye concentration, C; is the
dye concentration after photodegradation [31]. The
degradation of YTHO are shown in Fig. 5. and the
rate of degradation are shown in Fig. 6. The
percentage of degradation after 2 hours irradiation is
26.3 % for YTHO. This effect is mainly based on
two conditions, one is the concentration of the
colourant dye to be degraded and other is the
increase in the amount of UV light absorbed by the
dye, which decreases transmittance and the number
of photons that collide with catalyst molecules. As a
consequence, fewer recombinations of electron-hole

pairs are produced and a greater reaction time is

needed to produce the OHO radicals needed for
degradation of the dye [32, 33]. The oxidation and
reduction can take place at the surface of the
photoexcited semiconductor photocatalyst.
Recombination between electron and hole occurs
unless oxygen is available to scavenge the electrons
to form superoxides (O?), its protonated form the
hydroperoxyl radical (HO2) and subsequently H,0,

[34].
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The rate of degradation is calculated by Fig. 5.Percentage of degradation of MB for YTHO
pseudo second order kinetic model, with different time of irradiation
t 1 1
L= (q—) E o, (5)

where K, is the second order equation rate constant, _ o _
] . o Fig. 6. Rate constant of YTHO with different time.
the values of K, is different in initial dye
concentration for all absorbant, t is the different time
interval for 30, 60, 90 and 120 minutes, q. and g be
the initial and after the time absorption capacity
[26]. Rate of degradation of YTHO shows higher

degradation. This result confirms that the colour
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due to the photodegradation of the sample is used for 4 CONCLUSIONS
removal of waste water and decompose organic
pollutions [17]. Nanocrystalline Y Tiy2sHf750:,  (YTHO) s

synthesized by single step auto-igniting combustion
% method. The sample has rhombohedral crystal

structure and the particle size is below 12.65 nm.

254

The sample show the enhancement of photocatalytic
20 4
activity. The percentage of degradation is about 26.3
% and rate constant are also analyzed. The

10 enhancement photocatalytic acivity of the sample is

Percentage of degradation
o

used for the removal of waste water and decompose

organic pollutions.

0 T T T T T
20 40 60 80 100 120

Time (minute)

160 |Page




International Journal of Advance Research in Science and Engineering Q

Volume No 06, Special Issue No. 03, September 2017, AFM-2017
www.ijarse.com

REFERENCES

[1] G. Trolliard, N Harre, D. Mercurio and B. Frit, Journal
of Solid State Chem.145, 678, 1999.

[2] R. Bontchev, F. Well and J. Darriet, Matter. Res. Bull.
27,931, 1992.

[3] G. van Tendeloo, S. Amelinx, B. Darriet, R. Bontev. J.
Darriet , and F. Weill, J. Solid State Chem. 34 (5),
1989.

[4] Weiping Gong, Rui Zhang, J. Alloys Compd. 548,
216, 2013 .

[5] Vijay Singh, G.Sivaramaiah , J.L.Rao ¢, S.H.Kim, J.
Lumin. 157, 82 2015

[6] C. Pascual, P. Duran, J. Am. Ceram. Soc. 66, 23 1983.

[7]1 M. Jayaratna, M. Yoshimura, S. Somiya, J. Am.
Ceram. Soc. 67C, 240 1984.

[8] K.E. Sickafus, R.W. Grimes, J.A. Valdez, A. Cleave,
M. Tang, M. Ishimaru, S. Corish, C.R. Stanek, B.P.
Uberuaga, Nat. Mater. 6, 217, 2007.

[9] H.G. Scott, Acta Cryst. B33,281 1977.

[10] S.P. Ray, V.S. Stubican, D.E. Cox, Mater. Res. Bull.
15,1419 1980.

[11] G. Stapper, M. Bernasconi, N. Nicoloso, M.
Parrinello, Phys. Rev. B 59 (2), 797, 1998.

[12] H.J. Rossell, J. Solid State Chem. 19,103 1976

[13] D.R. Clarke, S.R. Phillpot, Mater. Today 8 (6),22,
2005.

[14] Michael W. Blair, Mark R. Levy, Robin W. Grimes,
Blas P. Uberuaga, Chao Jiang, James A. Valdez,
Josh J. Williams, Ming Tang,Christopher R. Stanek,
Kurt E. Sickafus.J. Mater Sci.44, 4754, 2009.

[15] Ze Liu, Zi-weiZheng, Min-fang Han, Mei-lin Liu, J.
Power Sources 195,7230, 2010.

[16] Ming Chen, BengtHallstedt, Ludwig J. Gauckler,
Solid State lon. 170, 255, 2004.

[17] D.W. Chen, A.K. Ray, Appl. Catal. B: Environ. 23,
143, 1999.

IJARSE
ISSN: 2319-8354

[18] G Ravi, SalehMansouri, Suresh Palla and M Vithal.
Indian J. Chem. Vol. 54A. 20, 2015.

[19] L.K. Weavers, N. Malmstadt, M.R. Hoffmann,
Environ.Sci. Technol. 34 1280, 2000.

[20] J. Wu, F. Xingwang, H. Yongke, L. Jun, Rad. Phys.
Chem. 54 (4), 411, 1998.

[21] N. Getoff, Rad. Phys. Chem. 47 (4), 581, 1996.

[22] G. Ruppert, R. Bauer, Chemosphere 28 (8), 1447,
1994.

[23] A.L. Linsebigler, L. Guangquan, J.T. Yates Jr, ,
Chem. Rev. 95, 735, 1995.

[24] M.R. Hoffmann, S.T. Martin, W. Choi, D.W.
Bahnemann, Chem. Rev. 9, 69, 1995.

[25] H. Padma Kumar, S. Vidya, S. Saravanakumar, C.
Vijayakumar, Sam Solomon, J.K. Thomas, J.
Asian.Ceram. Soc. 3, 64, 2015.

[26] V. S. Shrivastava, Arch. Appl. Sci. Res. 4, 1244, 2012.

[27] Hongying Yang, Sukang Zhu, Ning Pan, J.
Appl.Polym. Sci. 92, 3201, 2004.

[28] Yendrapati Taraka Prabhu, KalagaddaVenkateswara
Rao, Vemula Sesha SaiKumar, Bandla Siva Kumari,
World. J.Nano. Sci. Eng. 4, 21, 2014.

[29] F.T. Li, Y. Zhao, Y. Liu, Y.J. Hao, R.H. Liu, and D.S
Zhao, Chem. Eng. J. 173, 750, 2011.

[30] 51 N. C. Castillo, A. Heel, T. Graule, and C. Pulgarin,
Appl. Catal., B. 95, 335, 2010.

[31] Emy Marlina Samsudin, Sze nee goh, ta yeongwu,
Tan tong ling, Sharif Bee Abd. Hamid, and Joon
Ching Juan, Sains Malaysiana. 44(7), 1011, 2015.

[32] R. | Romero, O. M Alfano, and A. E. Cassano. Ind.
Eng. Chem. Res. 36 (8), 3094, 1997.

[33] 54. Chung-Hsin Wu, and Chung-Liang Chang. J.
Hazard. Mater., B. 128, 265, 2006.

[34] Juan Carlos Colmenares, Rafael Luque , Juan Manuel
Campelo, Fernando Colmenares, Zbigniew Karpinski
and Antonio Angel Romero, Mater.2, 2228, 2009.

161 |Page




