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Structural and optical properties of Cu-doped Ti0-
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Pure and Cu:doped titanium dioxide nano-powder were prepared through a solid-state
method. The dopant concentrations in atomic percentage were (0 - 7) wt% of samples
Cu/Ti0z. Structural properties of the samples were analyzed by XRD and revealed that all
nano powders of titanium dioxide having polyclystalline nature. Physical and
Morphological studies were conducted using scanning electronic microscope SEM to
check the grain size and texture. The other properties of samples were examined using
optical microscope, Lee's Disc, Shore D hardness instrnment, Fourier-transfonn infrared
spectroscope (FTIR) and Energy-dispersive X-ray spectroscopy (EDX). Results showed
that the thermal conductivity increased with the weight fraction of Cu element increasing
then decreasing.

1. INTRODUCTION

In recent years, several metal oxides such as Titanium dioxide (TiO2), zinc oxide
(Zn0), bismuth oxide (Bi203), nickel oxide (NiO), and indium oxide (In203) in both
pure and doped folms have been demonstrated [1-3]. Titanium dioxide (Ti02) has
gained prominence because of its availability, non-toxicity and a cheapness compared
to others. It has an indirect optical band gap up to (3.2-3.35) eV at room temperature
with a high absorption coefficient. The interest on different characteristics of Cu:Ti02
(CTO) nanomaterials is huge due to its practical importance in technology for
example, photocatalytic activity [4], gas sensing [5], antimicrobial [6],
antibacterial activity [7] and dye sensitized solar cell (DSSC) [8]. Cu doped TiO>
could be doped in a large number of synthesis techniques such as solid-state
method [9-11], sol-gel method [12-15], hydrothermal process [17, 18]. In this
paper, A study of the structural, morphology, thermal and optical properties of
pure and Cu:doped TiO. (CTO) nanopaliicles, fabricated by solid-state method
at 1100 °C, is presented The dopant concentrations of Cu were varied over the
range (0- 7)wt%.
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2. EXPERIMENTAL

Conunercial copper and titanium dioxide nano-sized Cu and TiO2 nanopowders
(Sigma-Aldrich Company with a high purity 99.99%) were used to synthesize
the pure and mixed CTO samples. A high temperature solid state method was
employed to prepare CTO pellets of Cu:TiO2 of concentrations (3%, 5%, 7%)
using high purity Cu paiiicles and TiO2 NPs powder. The palticle size diameter
was 20 mn for the pure TiO2> NPs pure. Pure alumina crucible was utilized to mix
the powders in an agate mortar for three hours and calcined at 627 K for seven
hours. After cooling, the powder was re-calcined again at 727 K for seven hours.
Finally, the pellets were sintered at 1373.15 K for seven hours. Pellets of 1.1111111
thickness and 8 111111 diameters under pressure 5 tons were used for the different
measurements. For example: X-ray diffraction (XRD) of powders for the
compound was reported at ambient temperature (27 °C =-246.15 K) using
(SHIMADZU-6000 2 kW type) diffractometer, with Cu, NF type (60 kV, 80 mA,

il = 1.5418 AO) radiation in Bragg angles at 1000°/min (scanning rate), and 185
(scanning radius).

In addition, Morphological study of samples was investigated with digital optical
microscope (type RoHS-I 600X), and scanning electron microscope (SEM), (INSPEC
S50, USA). An energy dispersive X-ray spectroscope (EDX) (type INSPEC S50)
was used in order to recognize the presence of constituents in the prepared samples.
A Fourier Transfolm Infrared Spectroscope (FTIR) (using SHIMADZU model
(spectrum 400)) is a good powerful insh1l.11nent to calculate the bonding between the
molecules in the spectral wavelength range is betwee (400 to 4000) c111.1,

Moreover, Durometer Hardness (type (Shore D) (Time group INC.)) was used to
measure the thoroughly hardness values of the prepared samples. Lee's Disc
(Griffen and George Ltd, Britain Company) was used to obtain the thermal
conductivity of prepared samples. The rouglmess test instrument type (POltable
Rouglmess Tester User's manual TR220) was utilized to detelmine the
rouglmess of the prepared samples.

3. RESULTS AND DISCUSSION

Figs. 1 and 2 deals with the physical properties of the samples. In both figures 0
refers to the pure titanium dioxide samples, while; | refers to the pure copper and
then to the % weight of copper added to nanoscale titanium dioxide. Fig. 1
presents the mass change of the samples before and after calcination at 1373.15
K.
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Figure 1 Loss in mass of samples after calcination at 1373.15 K.

Figure 1 shows the change in length due to the addition of copper to titanium dioxide.
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Figure 2 Longitudinal shrinkage of samples after calcination at 1373.15 K.
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The XRD patterns of pure TiO2 pure and TiO2 doped with various weights of
copper (0-7) wt% (calcined at 1373.15 K) are shown in Figs. 3-5. The XRD
profiles for pure titanium dioxide and CTO , achieved with (40 kV, 30 mA)
operation setup, show peaks indexed to planes (110), (101), (200), (111), (210),
(211), (220), (002) and (310) at 20 data of 28.0100°, 36.6314°, 39.7407°,
41.7937°, 44.6033°, 54.8446°, 57.1709°, 63.2395° and 64.5555° , respectively. This
figure corresponds to anatase phase of Ti0> (JCPDS Card No. 86-0148). Increase
in the intensity of the peaks can be noticed as the Cu concentration increases (at
amlealing temperature 1373.15 K). This behavior is because of the improve of the
crystallite structure with the increase of the concentration of dopant and because of
the high calcination temperature. In addition, it can be seen that 20 values after
annealing have shifted towards higher values because atoms occupying the sites
inside the crystal structure changes the data of (dhkz). The elemental chemical
composition was identified by EDX spectra. The results are reported in Table 1. Ti,
0, and Cu peaks have been detected.
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Table 1 Atomic percentage of TiO2 uanoparticles as prepared sample corresponding to
EDX test instrument.

Compositions Total
(wt. %) (%)
Sampl Mass 0 Ti Cu
es Ratio
Ti02 0 31.12 | 688| O 100
8
CTO 3% 30.58 | 69.0| 0.3 100
4 8
CTO 7% 30.12 | 69.3| 05 100
1 7
CTO 5% 28.95 [ 70.2| 0.8 100
4 1

The micrographs images of the samples. It is clear that the best Cu concentration,
for better miscibility and less homogeneity (smoother) between the TiO> NPs was
(5% wt.) compared with the other wt% of Cu paiiicles.

(3)-TiO,-Pure

(©)-CTO-5%

Figure 3 Micrographs images of samples.

The SEM micrographs of samples. It can be seen that the shape of particles is
nearly spherical but in aggregated state. There is a decrease in the aggregations
and particles size of the samples with increasing the dopant concentration (0%-
7%).
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Figure 4 SEM images of(a) 0%wt, (b) 3%wt, (c) 5%wt, and (d) 7%wt CTO
NPs.

Table 2 gives the roughness of the prepared samples after applying pressme of 5t
(ton) to make the pellets and before and after calcination at 1373.15 K. Surface
roughness is an important factor when dealing with the mechanical propeliies of
materials such as cracks, slip, and durability. Where its effects are reflected in
various applications such as: electrical, thermal resistance, fluid dynamics, and
control of vibration and noise. From Table 2 it can be noticed that the value of
roughness of the surface for all samples increases with the rise of temperature
and decreases with the increase of Cu concentration. This may be due to the
weak binding between the base material and the copper patticles. Roughness of
the surface is based on many parameters for example hardness, composite
content, temperature, and meandering.

Table 2 Roug/mess values of all samples at ambient and 1373.15K temperatures.

Roubness (inn)
SamJ)les - 1373.15+

248.15+2 2K

K

TiO2Pure 0.503 0.632
Cu Pure 0.5813 0.6725
CTO-3% 0.4542 0.5271
CTO-5% 0.4134 0.5282
CTO-7% 0.3835 0.4638

Hardness is a property that expresses the state of the surface of the material.
Table 3 presents the hardness values of the samples before and after calcination
at 1373.15 K. It can be seen that the hardness of the samples increases with the
increase of temperature. The advantages of this measurement are to obtain high
purity of the raw material and great consistency of grains.
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Table 3 Hardness data of samples at ambient and 1373.15 K temperatures.

Hardness (MPa)
Samples - 1373.15

248.15+2 +2 K

K

TiO, Pure 60.45 63.33
Cu Pure 59.23 60.22
CTO-3% 52.45 58.36
CTO-5% 53.84 60.01
CTO-7% 58.44 62.54

The changes of the compression strength (C.S.) of the samples with the change of
the concentration of Cu, as measured by Brazilian test. C.S. is a measure of the
ability of a material to withstand a compressive force applied to it. The Brazilian
test is a simple indirect test method.

640I II

5% 7%
Precentage (Wi¥a)

] Cu:TIOEI

Figure 5 Test of samples after calcination at 1373.15 K.

Thermal conductivity values of the samples were measured using Lee's disc
under steady state conditions exhibits the effect of Cu concentration on the thennal
conductivity of TiO2 NPs. This tool consists of three discs' synthesis from brass (A,
B and C) with heater connected to an electrical circuit. Heat transfers from the heater
to the next two discs; after that to the third disc through the sample. TA, TB and Tc
the temperatures of brass discs are calculated using a thennometer installed on top
of the sample. The A voltage (V) of 6 V was applied to the heater while the
cunent (J) was 0.25 A, then, the temperatures of the discs were recorded when
the system approached to a steady state condition.
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4. CONCLUSIONS

Pure and CTO NPs were fabricated by solid-state reaction technique. Pellets
samples were calcined at 1373.15 K Surface morphology, size, and the elements for
fabricated pellets were investigated according to different quantities of copper to
titanium dioxide (CTO). Mechanical propeliies of samples such as hardness,
roughness, and thennal conductivity have been studied. Grain size of TiO2 NPs was in
the range of about (20-31) nm according to XRD. The highest percentage of mass loss
was for CTO 5%wt. This means that it contains more water molecules. While, the
shrinkage process increased with the increase percentage of copper added to TiO2.
The surface roughness values for all the samples increased with the lise of
temperature while it decreased with the increase of Cu concentration. In addition, the
value of hardness for TiO2 was higher than the others samples before and after
calcination at 1373.15 K. Moreover, the highest value for compressibility was in
titanium dioxide, which indicates the material's ability to withstand compressive
strength. Finally, the value of thermal conductivity for CTO 5% after calcination at
1373.15 K was the highest among the other samples.
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