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GRAPHICAL ABSTRACT

ABSTRACT

Cuprous oxide nanowires have been synthesized by heating copper foil in the presence of
oxygen rich environment using a hot tube vacuum thermal evaporation method. The effect of
growth parameters such as growth time, temperature and oxidative environment on the
morphology of the nanowires is investigated. The growth of cuprous oxide nanowires from
copper foils thermally oxidized in the presence of oxygen rich at temperatures between 300 and
500 OC. The nanowires were formed within the temperature range of 400 — 500 O0C with
diameters and length between 25 - 100 nm and length 1 - 4 pum, respectively. This gave an
estimate of aspect ratio around 40. Observation from FESEM results revealed the optimal
growth of cuprous oxide nanowires which occurred at oxidation times for 1h, 1/2h and 25

‘-0'
e i’ minutes and flow rates of oxygen at 0.09 psi, 0.12 psi and 0.08 psi. The atom% of copper and
— / oxygen were measured using EDX and their existence were later confirmed by XRD,
T essentially indicated by 40% an 60% of copper and oxygen contents, respectively.
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1. INTRODUCTION CuC,04 precursors [11], hydrothermal

Cuprous oxide (Cu,0) is a p-type semiconductor
with cubic crystalline structure (a=4.27 °A) and energy gap
2.1 eV [1]. Cuprous oxide, Cu,0O is an attractive material
for the absorber layers of photovoltaic devices, because it
has direct band gap energy of 2.1eV and a high absorption
coefficient, which enable the fabrication of thin film solar
cells [2-4]. In addition, Cu,O layers have several
advantages such as nontoxicity and low cost, compared
with other types of thin film solar cells including CIGS
solar cells [5, 6].

In recent years, there has been increasing interest
in developing one-dimensional (1D) Cu,O nanostructures
such as nanowires, nanorods and nanotubes due to their
unique properties and potential applications in electronics,
optics, photonics and sensing devices [7-9]. Nanowires and
nanorods of various semiconductor materials include Si,
Ge, GaN, Zn0O, and so forth, have been the focus of intense
studies in the past years [10]. During the last few years 1D
nanowires / nanorods of Cu,O/CuQO synthesized by various
growth techniques such as thermal decomposition of

decomposition route [12], self catalytic growth process
[13], and so forth. In synthesizing 1D nanowires / nanorods
the important factors are control of composition, size and
crystallinity. Moreover, studying the fundamental
properties of nanowires as well as their applications, the
methods of pre parathion of the 1D nanostructures should
be simple for producing bulk quantities and amenable to
control diameter and length. In comparison to various
synthesizing methods, thermal annealing or thermal
oxidation of copper foil is a simple, convenient, and the
fast method for synthesis nanostructures.

Many studies on synthesizing CuO/Cu,O
nanowires by thermal oxidation of copper foils in oxygen
atmosphere have been reported up to now [14-28].
However less report has been given on Cu,O nanowires by
heating copper foil in the presence of oxygen using a hot
tube vacuum thermal evaporation compared to widely use
chemical methods. This research is aimed at improving the
properties of Cu,O NWs and has focused on the influence
of growth time, temperature and oxidative environment on
the morphology of the nanowires.
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2. EXPERIMENTS

Cu,0O nanowires were synthesized on Cu foils in
the presence of oxygen rich environment using a hot tube
vacuum thermal evaporation method at the temperatures of
400 and 500 °C for different time (1h, 1/2h and 25
minutes). The experiment was carried out on the copper
foils with purity of 99.96% and 0.2mm in thickness. First
we have used four copper foils (purchased from Nilaco Co.
Ltd.) were used as substrates. Foils were cut into standard
sizes of 1 cm x 1 cm. The substrates were washed by dilute
hydrochloric acid to remove the native oxide layer and
contamination and then Cu foils were washed in distilled
water and absolute alcohol under an ultrasonic bath for 10
min respectively. After dried in air or by N, flow the
cleaned samples were placed in an alumina boat. The
alumina boat was positioned in the center of a quartz tube,
and the quartz tube was mounted in the middle of a
horizontal tube furnace.

Oxidation was initiated by evacuating the tube
furnace to a pressure less than 5x107 torr followed by
heating the furnace to a temperature of 400-500 °C under
the vacuum. The system was well controlled by adjusting
the parameters of temperature, oxygen gas flow rate,
growth reaction time. The temperature at which our
oxidation takes place, a leak valve introducing ultra high
purity oxygen in the tube was opened where the oxidation
of the copper foils commenced at a pressure of 5x107 torr
for 1-2 hours, following oxidation, the vacuum furnace was
quarreled through a stepwise process down to room
temperature under successively decreasing oxygen for
stable Cu,O NWs.

Synthesize in quartz tube furnace which is open
on both sides, one of the open side is connected to the
pump while the other one is used as inlet for carrier gas
which connected to the gas supply. Quartz tube is placed
inside a furnace source and substrate materials set inside
quartz tube. A schematic for our process is shown in Figure
1.

The substrate was pulled out of the furnace for
further analysis. The morphology of the samples was
investigated by field emission scanning electron
microscope (FE-SEM, Hitachi S-4800) operated at an
accelerated voltage of 5 kV combined with EDX for
morphological and compositional analysis. The structures
of the samples were characterized by X-ray diffraction
using Cu K _radiation (A = 1.54 A°) with 620 mode
ranging from 20 to 60°.

3. RESULTS AND DISCUSSION
3.1 Cu,0 nanowires and its Structural Properties
Cu,0 nanowires were prepared on the copper foil

by thermal oxidation in an oxygen rich environment using
thermal evaporation system of vacuum quartz

Figure.1 Schematic of experimental setup

tube furnace. The effect of growth parameters such as
growth time, temperature and oxidative environment (flow
rate of oxygen gas) on the morphology of the nanowires is
investigated. It is found that the annealing temperature and
the growth time play an important role in the morphology
of Cu,O nanowires such as the density, the length and the
diameter. The length and the density of nanowires increase
with prolonging growth time, but if the time is too long,
Cu,O crystallite grains form instead of nanowires.
Annealing copper foils at lower or higher temperature, the
density of nanowires is lower. For comparison, the Cu
films upto 150 nm on glass substrate deposited by Edward
vacuum thermal evaporation unit and are oxidized in
oxygen rich environment, but we do not find large-scale of
nanowires. The possible mechanism is also discussed for
the growth of Cu,O nanowires.

Using a vacuum furnace is far more advantageous
than a traditional tube furnace, because one is able to
control both pressure and temperature of the sample and
flow rate of oxygen by flow rate meter for synthesis of
Copper (I) nanowires, otherwise it’s very difficult to obtain
NWs from other furnaces by thermal oxidation.

3.2 Growth parameters of Cu,O Nanowires

Different growth parameters setting will give
different structural properties. The variation of growth
parameters could help to find the optimum growth
condition for of Cu,O Nanowires grown on Cu foil
substrate by thermal oxidation. Cu,O Nanowires were
studied by using different type of microscopy and the best
images were chosen. High quality Cu,O Nanowires
nanowires could be produced if a proper sample
preparation is employed.

Nanowires with high aspect ratio could be
obtained when the growth process is done steadily with
optimum growth condition. EDX studies reveals that with
increasing flow rate supplied to the sample, more precursor
or source material by which in this case is the flow of
oxygen gas will reach and oxidize on the Cu foil substrate.
Growth parameters, which were chosen for Cu,O
Nanowires grown on Cu foil substrate by thermal oxidation
process are given in the Table 1.
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Table 1 Growth parameters of Cu,O Nanowires

Substrate Thickness Oxidation Oxidatio | Flow rate Weight%
Temperature ntime of of Cu:O
Oxygen (EDX)
Cu foil 0.05 mm 400 1hour 0.09 psi 30.46:5.54
(81
Cu foil 0.05mm 400 % hour 0.12 psi 26.59:8.82
(84
Cu foil 0.05mm 500 25 min. 0.08 psi 9.14:6.41
(S5)

3.3 Morphology of Cu,O Nanowires

Cu,0 nanowires were grown on the Cu substrates
by thermal oxidation in an oxygen rich environment using
thermal evaporation system of vacuum quartz tube furnace
At first; the samples were oxidized at 400 °C for time 1h
and1/2h and then at 500 °C for 25 minutes for studying the
effect of the time and temperature on the morphology as
shown in Fig. (2 & 3) and Fig. 4. It can be seen from Fig.
(2 & 3) and Fig. 4 the morphologies of oxide scales formed
at 400 °C, showing high density of uniformly curved
nanowires, with diameter in the range of 25-100 nm and
length of 1-3 um. In the Fig. (2 & 3) that the nanowires
with short length of 2.10 micro meter and the diameter is
found in the range of 84.2 nm is shown. The nanowires
formed at 400 °C for 1/2h and also at 500 °C for 25mintus
are shown in Fig. 4 and Fig. 5 respectively.

In summary Cu,O nanowires on Cu foils were
prepared by thermal oxidation. The annealing temperature
and the growth time have an evident influence on the
morphology of nanowires. The density and the length of
the nanowires increase with the growth time prolonging at
400 °C. When the temperature is elevated to 500 °C and the
growth time is 25minutes, the density becomes low, and the
growth region of nanowires is distinct. Owing to larger
internal stress, the diameter of nanowires altered
drastically. CuO crystallites formed instead of nanowires
when growth time is too long. But at lower temperature of
300 °C, porous Cu,O formed. Large-scale of nanowires
was synthesized at 400 °C for 1 h. For oxidation of Cu
film, no large-scale of nanowires were found because the
stress released through the grain boundaries and column
structure. Through the diffusion of the atoms supplied by
Cu substrate, the growth of nanowires is driven by internal
stress generated in copper substrate and oxide layer during
oxidation of Cu foils.

(S1).

Figure.4 FESEM Of tilt images images of Cu,O nanowires
(84)

1176
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Figure.5 FESEM Of tilt images images of Cu,O nanowires
(S5).

3.4 Influence of Flow Rate of Oxygen and EDX

Analysis

The influence of Oxygen flow rate is considered to be
very significant in determining the nature of Cu,O
nanowires by oxidation method [27]. Essentially three
different concentrations; 0.08, 0.09 and 0.12 psi were fixed,
and the corresponding samples were analyzed for each
category. Table 2 list down the changes in atom% of the
species involved. Other parameters already shown in Table
1.

Table 2 Effect of oxygen gas flow rate

Substrate | Oxygen Flow Rake Cu 0

(Ps) (Atom®) | (Atom%) | AspectRao
CoFadl(81) | 009p 3 419 108
CoFod (84) | 0.12p 514 3686 1336
CoFo (85) | 00pst 2641 3.5 447

The above results indicate a significant influence
of oxygen flow rate on the both atom% and aspect ratio.
For samples S1 and S4 at temperature 400 °C, the flow rate
of oxygen for sample S4 increased, thus allowing more
oxidation at the copper substrate to produce Cu,O
nanowires with improved densities and aspect ratios.
Except for sample S5 for 0.08 psi at temperature 500 °C the
discrepancy might be caused by the limited number of
samples analyzed at this stage. This result suggests a flow
rate of 0.12 psi at a temperature 400 °C and oxidation time
% h for producing better aspect ratio of Cu,O nanowires.
FE-SEM and EDX result for a single nanowire is shown in
Fig. 6 for sample (S4).

[177]

Figure.6 FE-SEM and EDX result (S4)

3.5 XRD Analysis

The crystal structure and phase composition were
identified by X-ray diffraction (XRD, Diffraktometer
Siemens) using a 40 kV, 30 mA, Cu-Ko X-ray. A scanning
step of degree of 0.05° was applied to record the XRD
patterns in the 20 range of degree of 20-60° is shown in
Fig. 7. The XRD results show that Cu,O is the only
oxidation products with a small amount of Cu after the
oxidation at 400 and 500 °C. XRD peak at 26=36.54° and
20=29.60° corresponding to (111) and (110) plane of cubic
Cu,O structure, in addition (200) plane is the most
prominent peak at 20=42.6° in the sample. The weak two
peaks at 26=43.8°and 26=50.9° can be readily indexed as
(111) and (200) crystal plane of cubic Cu.
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Figure.7 XRD patterns of Sample (S4)
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4. CONCLUSION

Cu,O nanowires have been successfully grown by
heating copper foil in the presence of oxygen rich
environment using a hot tube vacuum thermal evaporation
under the optimal setting parameters and oxygen flow rate
of 0.12 psi. These resulted in Cu,O nanowires with
improved densities, sizes and most important was higher
aspect ratio. The EDX spectrum shows strong Cu,O signals
from the fabricated nanostructures and XRD will provide
information on the crystallinity of Cu,O nanowires that
produced by oxidation method.
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