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Synthesis of TiO, and Cu,O nanoparticles and TiO,/Cu,0O
nanocomposite and study the ability to remove pollutants
from aqueous solution
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Abstract

TiO,,Cu,0O nanoparticles and TiO,/Cu,O nanocomposite have been  synthesized by
electrochemical deposition method. The synthesized nanoparticles and nanocomposite
characterized by X-ray diffraction (XRD), Transmission Electron Microscopy (TEM) and Scanning
Electron Microscopy (SEM).

Results showed that TiO, nanoparticles have average size of (8-14)nm, Cu,O nanoparticles have
average size of (11-15)nm and TiO,/Cu,O nanocomposite have average size of (13-20)nm.

The synthesized nanoparticles were applied to remove 1-nitroso-2-naphthol from aqueous
solution. UV-vis spectra results indicate that the percentage of degradation with the sequence

TiO,/Cu,0=89% > TiO,= 68% > Cu,0=42% .
Keywords: TiO, nanoparticles, Cu,O nanoparticles, TiO,/Cu,0O nano composite, photocatalysis.

LDl

Cup0/TiO; lassa (o 5 5l S) iall 5 (CU20) 553l Gl 30S h(TiO2) s 51 @ slill apuS ) (Balas o3
Aol 228V 3 gan A8 Aladinl 4y 5l Glasall ol Cuadld Gl 3o jlade 3ga (B g (SasS g 5l il A8 Hay
-14)NMm el 2 oY 4 sl Glapuadl aaall Jas sie QIS Cus | ) (35 58SV gl y 28U (59 SV gl
(13-20 )nm S siall s (11-15 )nmosaill S 5Y 5 (8

Cu0,TiO, Al lapaall (fpall Jinill 3 Gille dllad s sall s Dpmndil) G 5dl) AndY) e s el
45l awdll il Eua 1-nitroso-2-naphthol  sabey &stiall elall dallas & SIS CupO/TIO, sl Clapas
- Jualugilly 21530

TiO,/Cu,0=89% > TiO,= 68% > Cu,0=42% .

Introduction

Nanoparticles, involved TiO, and Cu,O used widely in many fields, including medical and
industrial as well as in environmental decontamination applications due to these particles possess
characteristics such as abundance, low cost, have good electrical, high optical absorption coefficient
and low band gap energies™™?. TiO, played a major role in the treatment of pollutant water
contaminated with mineralization of organic pollutants like aliphatic and aromatics components,
dyes, pesticides®. In Photocatalytic reactions hydroxyl radicals and superoxide anions (OH" and
O'_z) are generated when a photon is absorbed by semicondition as shown in the mechanism
follows “:
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where, Sem. are TiO,, Cu,0 and TiO»/Cu,O

GUPTA Shipra & TRIPATHI Manoj reported that the studied metals including Pt, Ag, Au,
Pd, Ni, Rh and Cu have been very effective in improving photocatalysis by TiO,®.

Titanium is used as supported to copper to gives the properties of wide photochemical® | this
agree with Pasini et al ”, and Liu et al®. TiO, has band gap (~3.2 eV) respond to UV light only
and limited absorption capacity in the visible region, thus it can be modified surface with Cu,O
which has narrow band gap (1.9-2.2eV) that can facilitate the absorption in the visible region.
subsequently, the electrons excited by visible light transfer from the conduction band of Cu,0 to
that of TiO, since reducing the recombination rate of photo-induced charge carriers and improving
the photocatalytic of TiO»/Cu,O nanocomposite 9.

In this work, Cu,0 nanoparticles, TiO, nanoparticles and Cu,O/TiO, composite were prepared by
electrochemical deposition method and characterized by X-ray diffraction (XRD), Transmission
electron microscopy(TEM) and Scanning electron microscopy (SEM) . In addition, prepared 1-
nitroso2-naphthol as an organic pollutant for water .

Materials and Method
- Synthesis of TiO, nanoparticles

All chemicals were reagent grade or the highest available commercial grade and were used as
received.

TiO, nanoparticles have been synthesized by electrolysis using 100 ml of (0.03M) NH,CI at 23
°C as electrolyte. A rectangular Ti plate (3 cm x 2 cm x 0.1 cm) was used as anode. Graphite rode
(0.4 x 4 cm) was used as the counter electrode cathode. Befor mountiy the substrate in the cell, they
were cleaned sonically using aqueous and organic cleaner solvents (acetone, ethanol, chloroform
and de-ionized water). The applied D.C voltage was 3V with current density of 2.1 x 107
mA/cm? for 45 minute. TiO, nanoparticle were obtained and washed by de-ionized water.

- Synthesis of Cu,O nanoparticles

The same procedure of TiO, nanoparticles synthesis was used to prepare Cu,O nanoparticles
using Cu plate (3 cm x 2 cm x 0.1 cm) as anode with current density of 1.7 x 10° mA/cm? for 45
minute.
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- Synthesis of TiO,/Cu,O nanocomposite

The same procedure of TiO, nanopaticles synthesis was used to prepare TiO2/Cu,O
nanocomposite . using Cu plate (3 cm x 2 cm x 0.1 cm ) as cathode with current density 4.4x10 ™
mA/cm? for 45 minute often then, the two electrode were replaced where Ti plate became as
cathode and Cu plate became as anode for 45 minute. TiO,/Cu,O nanocompsition was obtained
anode washed by de-ionized water.

- Preparation of pollutant water
0.001 gm of organic pollutant (1-nitroso-2-naphthol) dissolved in 75 ml of water. Added to:
A- 0.001 gm of Cu,0O nanoparticles to 25 mL of prepared pollutant water .
B- 0.001 gm of TiO, nanoparticles to 25 mL of prepared pollutant water .
C- 0.001 gm of TiO,/Cu,0 nanocomposite to 25 mL of prepared pollutant water .

- Irradiation cell

The cell consist of UV (125 W mercury medium pressure lamp), quartz tube, Pyrex tube

was used as a reactor. Pyrex tube was cooled by ice to prevent the rising temperature
resulting from UV irradiation.

Fig. (1) Irradiation cell

Results and Discussion

The structure of the various samples was investigated by X-ray diffraction (XRD) shown in
Figures (2), (3) and (4) respectively. All the scans were recorded by SHIMADZU XRD -6000. The
XRD use (Cu radiation line of wavelength of 1.54 A° in 2 © from 10 to 80).

139



The Fifth Scientific Conference of the College of Science University of Kerbala 2017

1000 -
800 111
= 800 -
2 101
=
£ 400 -
220
200 -
200
1 110 311
o4
0 10 20 30 40 50 60 70 80 90

2 theta

Fig (2) X-ray diffraction patterns of Cu,O nanoparticle

The XRD of sample in fig.(2) shows the formation of Cu,O based on the comparison of their
XRD patterns with the standard patterns of Cu,O (JCPDS 05-667) of cubic phase structure. The

diffraction peaks corresponding to (101) ,(110), (111), (200),(220), (311), and (222) are quite
identical to characteristic peaks of the Cu,O crystal.
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Fig (3) X-ray diffraction patterns of TiO, nanoparticle

The XRD of sample in fig.(3) shows the formation of TiO, based on the comparison of their
XRD patterns with the standard patterns of TiO2 (JCPDS 21-1272) of tetragonal structure.

The diffraction peaks corresponding to (101), (004), (200), (105) (204), (220) and (215) are
quite identical to characteristic peaks of the TiO, crystal.
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Fig. (4) X-ray diffraction patterns of TiO,/Cu,O nanocomposite
The XRD pattern shows a significant amount of broadening line which are characteristic of
nanoparticles the crystal size can be calculated according to Debye - Scherrer formula:™

KA
D= ()
BCosB

Where K=0.9 scherrer constant , A is the wavelength of the cu-ka radiation, B is the full width at
half maximum and 0 is the angle obtained from 20 values corresponding to maximum intensity peak
in XRD pattern. The mean crystal size of nanoparticles which obtained in table (1).

Table (1) the mean crystal size and 26 of Cu,0, TiO, nanoparticles and TiO,/Cu,O
nanocomposite

sample 20 Crystal size(nm)
Cu,0 315 14.7
TiO, 28 12.3
TiO,/Cu,0 31 18.9
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The average particles size and distribution were determined randomly on the Transmission
Electron Microscopy( TEM) images. Fig.( 5) to (7) show TEM of the samples.

Fig.(7) TEM of TiO,/Cu,0 nanocomposite

The Average Particles size of Cu,O, TiO, nanoparticles and TiO,/Cu,O nanocomposite
particles that estimated from the TEM graph was 11.6,8.3 and 13 nm respectively, which agrees
with that obtained from XRD analysis. As shown in table (2).

Scanning Electron Microscopy (SEM) images, Fig. (8),( 9) and (10) show the morphology and
size distribution of different sample. The surface of nanoparticles sample is smooth with good
crystal linty. The average particle size and distribution were determined randomly on SEM images.
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Fig. (9) SEM of Cu,c nhanoparticle

Fig. (10) SEM TiO,/Cu,0 nanocomposite

Table (2) Average particles size of TEM and SEM of Cu,0O, TiO; nanoparticles and
TiO2/Cu,0O nanocomposite

TEM SEM
sample Average Particles size Sample Average Particles size
Cu,0 11.6 Cu0 15.2
TiO, 8.3 TiO; 14.3
TiO,/Cu,0 13 Cu,OITiO; 20.1
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- Photocatalytic activity studies

Nanoparticles and nanocomposite have several applications important such as photocatalytic
degradation to various kinds of organic and inorganic pollutants in water due to they have high
photocatalytic activity and high photochemical stability 2.

In this research TiO,, Cu,O nanoparticles and TiO,/Cu,O nanocomposite were used as
photocatalytic degradation of contaminated water was contaminated by organic material called 1-
nitroso-2-naphthol which prepared previous and chosen to study the photocatalytic activity for
those nanoparticles.

Figures (11, 12 and 13) show the UV-Vis of aqueous solution of 1- Nitroso-2-naphthol with
copper oxide, titanium oxide nanoparticles and TiO,/Cu,O nanocomposite before and after
irradiation process respectively, observed decrease in the absorbency of 1- Nitroso-2-naphthol
presented in water after the addition of nanoparticles and irradiation of contaminated water
compared to absorbance of 1- Nitroso-2-naphthol before addition of nanoparticles.

The electrons was irritation and transport from valance band to conduction band where
oxidation and reduction reactions occur, and free radicals such as OH', OH; and H,0 is created free
radicals oxidize the organic material (1-nitroso-2-naphthol). Through our study shows that
TiO,/Cu,O nanocomposite better and more effective to degradation the pollutant than titanium
oxide nanoparticles and copper oxide nanoparticles. UV-vis spectra results indicates that the
percentage of degradation with the sequence TiO,/Cu,0=89% > TiO,= 68% > Cu,0=42% .

The hetero-interface between Cu,O and TiO, facilitates the separation and transmission of the
photo induced charge carriers, with greatly enhanced photocatalytic activity.In addition, OH’
reactive species were found in agueous TiO,/Cu,O suspension under visible light irradiation®?.

In this research, the TiO,/Cu,O nanocomposite shawed not only absorption in the UV region but
also absorption in the visible region in facilitating the photo degradation efficiency.

Before irradiation process
/ (water+1- Nitroso-2-naphthol)

After 30 min of irradiation process

/ (water+1- Nitroso-2-naphthol+ Cu,O

nanoparticle)

percentaae of dearadation 42%

400
Wavelength (nm)

Fig. (11) UV-Vis of pollutant water before irradiation process and UV-Vis of pollutant water after
irradiation process with Cu,0O nanoparticles
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Fig. (12) UV-Vis of pollutant water before irradiation process and UV-Vis of pollutant water after
irradiation process with TiO, nanoparticles

Before irradiation process
(water+1- Nitroso-2-naphthol)

After 30 min of irradiation process (water+1- Nitroso-
2-naphthol+ TiO,/Cu,0O nanocomposite )

percentage of degradation 89%
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Fig. (13) UV-Vis of pollutant water before irradiation process and UV-Vis of pollutant water after
irradiation process with TiO,/Cu,O nanocomposite

Conclusions

Ti0,,Cu,O nanoparticles and TiO,/Cu,O nanocomposite were synthesized by electrochemical
deposition method . The UV-vis absorption spectra reported that the catalytic activity of
Cu,O/TiO, composite is more than the catalytic activity of TiO,,Cu,O nanoparticles. The interface
between Cu,0O and TiO, facilitates the separation and transmission of the photo induced charge
carriers, with greatly photocatalytic activity. This study provides photocatalyst TiO,/Cu,O
composite nanoparticles that can work under UV light irradiation as well as for promising
applications in photocatalysis fields for the treatment of organic contaminated water.
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