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In this paper, pure Bi,O3; and Bi,Oz/MWCNT thin films were prepared with concentrations of
MWCNT in the ratios of 0.5, 1, and 2 wt.% by the pulsed-laser deposition (PLD) method on

glass substrates to characterize and analyze their topography, morphology and optical
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properties. It was shown that all prepared films have a polycrystalline nature with tetragonal
B-Bi,O3 structure. The grain size increases with increasing MWCNT concentration. The
absorbance of the prepared films was found to increase with increasing MWCNT
concentration, but the band gap values decrease from 2.8 to 2.0 eV.
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1. Introduction

Among semiconducting photosensitive materials
are bismuth oxide thin films. They have a high
refractive index and a large energy band gap, making
them useful for different applications such as optical
coatings, solar cells, integrated circuits, and gas sensors
[1-3]. This material has five polymorphs of BiyOs,
known as a-Bi;Os, B-Bi;0s, y-Bi2O3, 6-Bi,0O3, and ®-
Bi»Os, which were reported, each one having different
crystal structures and different electrical, optical, and
mechanical properties, as the B-phase has a tetragonal
structure; it is an n-type semiconductor and has an
approximate band gap of 2.58 eV [4-6].

The overall oxides mixtures composition depends
on conditions and preparation techniques, such as the
type, nature, and temperature of the substrate at the
deposition of the oxide [7]. Structural, chemical, and
electrical properties of a material are dependent on its
method of synthesis [8]. Several techniques were
employed to prepare Bi,Os thin films, including
chemical bath deposition [9], chemical spray pyrolysis
[10], sol-gel [11], thermal oxidation of vacuum
evaporated [12], etc. Pulsed laser deposition is a
method that is used to prepare Bi,Os3 thin films in this
work.

Carbon nanotubes (CNTs) have different
applications because it has exceptional properties, such
as good electrical and thermal conductivity, good
mechanical properties, photon absorbers working on
enhanced spectral absorption areas, and providing a
path for electron conduction when wused with
semiconductor oxides. CNT-based nanocomposites
have shown better applications in nano-electronics and
energy storage devices [13]. To form good composite
material with nanostructure properties, most metal
oxides with carbon nanotubes (CNTSs), such as ZnO
[14], CuO [15], and TiO, [16]. CNT structures have
unique properties with a diameter ranging from one to
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a few nanometers as compared to non-nano homologs.
They have two forms: single-walled carbon nanotubes
(SWCNT) and multi-walled carbon nanotubes
(MWCNT). SWCNT are single graphene rolls with
diameters of 0.8 to a few nanometers, while MWCNT
are concentric graphene tubes that can have diameters
from a few to more than a hundred nanometers [17,18].
More recently, used a different form of MWCNT as a
CNT for reinforcement [19]. MWCNT are the most
ideal CNT candidates among the different CNT types
to be incorporated into the polymer matrix [20]. Figure
(1) shows pictographs and field-emission scanning
electron microscope (FE-SEM) images of SWCNT and
MWCNT [21].

MWCNT

>100nm

Fig. (1) Pictorial graph of (a) SWCNT and (b) MWCNT and SEM
image of (c) SWCNT and (d) MWCNT [21]

2. Experimental Part

Bi,O3; nanopowder with purity of 99.9% has been
used as a matrix material with a weight of 2 g, and the
MWCNT was used as a dopant for preparing
Bi:Os/MWCNT  thin  films  with  MWCNT
concentrations of 0.5, 1, and 2 wt.%, which were
blended and pressed using a hydraulic press of 5 tons
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for 10 minutes to obtain circular discs with a diameter 4000
of 2 cm and a thickness of 0.3 cm. Glass substrates with
dimensions of 75x25x1.2 mm have been cleaned with
acetone in an ultrasonic bath and then washed again 3000

pure Bi,O,

(201)

with ethanol. BiOs thin films and Bi:Os/MWCNT )

films were prepared by the pulsed-laser deposition Ezooo |

(PLD) technique. The glass substrates were placed, g s
after being cleaned, on a holder in front of the target £ S

surface; the distance between the substrate and the 1000 - §§

target was 2.5 cm. The laser beam has been focused on N
the target at the angle of 45° inside the deposition
chamber. An Nd:YAG laser with 1064 nm wavelength, 0 e e

6 Hz frequency, and 400 mJ energy was sued for the 2
PLD at a number of pulses of 300 pulses at room
temperature. The process was depositing thin films
under vacuum (107 Torr). All the prepared films were
annealed at 400°C for 1 hour. Figure (2) shows a 4000 1
scheme of the PLD system. To characterize the
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prepared thin films, x-ray diffraction (XRD), field- 23000 .
emission scanning electron microscopy (FE-SEM), and ‘s
atomic force microscopy (AFM) were employed. The £ 2000 -

absorption spectra of the films were measured using a

g
UV-Visible spectrophotometer in the wavelength range 1000 4 g
of 300-1100 nm. I l
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Fig. (2) Technique for experimental representation of PLD 0 u____,\.lv\,g

3. Results and Discussion 20 (deg)
The important purpose in this part is to know the 5000
type of crystalline structure of the semiconducting g 2% MWCNT
materials used in this study. Figure (3) shows the XRD w04 <
patterns for pure Bi2O3 and Bi,Os/MWCNT thin films
with different MWCNT concentrations (0.5, 1, and 2 = 3000 -
wt.%) deposited on glass substrates by the PLD <
technique. It shows a polycrystalline structure for all B —
films with a tetragonal $-Bi,Os structure. The crystal £ 2000 1 S = _
planes (201), (220), (222), (421), and (402) indicate the - - ] § g
Bi>O3 phase with preferred orientation at 26 = 27.9° in 1000 - 3
the (201) plane; as shown in table (1). These results are L«J‘ ! l |
in agreement with the standard JCPDS card no. 00-027- R T A A RS A S
0050 of the Bi;Os. 20 30 40 50 60 70 80
20 (deg)
Fig. (3) XRD patterns for pure Bi,O; and Bi,Os/MWCNT thin
films
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In addition, no distinct diffraction peaks
corresponding to MWCNT nanocomposite at 26 ~ 26°,
45°, and 54° were observed due to the low ratio
concentration of MWCNT in prepared films. These
results are found to be in good agreement with other
research works [22,23]. Also, it was observed that the
FWHM of diffraction peaks decreased and the particle
size increased with increasing concentration ratio of
MWCNT.

Table (1) X-ray parameters for pure Bi,O; and Bi;Os/MWCNT

thin films
Grain
Sample 5 L] G size hkl
(deg) | (deg) | (A | O
27.9905 0.2362 3.18778 34.7 (201)
Pure 32.8109 0.2952 2.72963 28.1 (220)
Bi.Os 46.2484 0.2362 1.96304 336 (222)
55.5975 0.3542 1.65307 254 (421)
57.8498 0.2952 1.59395 30.7 (402)
27.9898 0.2362 3.18786 347 (201)
0.5 Wt 32.8272 0.2952 2.72831 281 (220)
MWCNT 46.2323 0.2952 1.96369 29.3 (222)
55.6308 0.3542 1.65216 254 (421)
57.8472 0.2952 1.59402 30.7 (402)
27.9898 0.2362 3.18786 347 (201)
1wt % 32.8345 0.2952 2.72772 28.1 (220)
MWCNT 46.2482 0.2952 1.96305 26.3 (222)
55.6727 0.2952 1.65101 304 (421)
57.8350 0.3542 1.59433 25.6 (402)
27.9965 0.1771 3.18711 46.2 (201)
2 Wt% 32.841 0.2362 2.72716 35.1 (220)
MWCNT 46.2358 0.2362 1.96355 36.6 (222)
55.6388 0.2952 1.65194 304 (421)
57.8285 0.2362 1.59449 384 (402)

One of the preferred methods of analyzing the
layers of the outer surface of prepared films is atomic
force microscopy (AFM). Figure (4) shows 2D AFM
images of pure Bi,O3 and Bi;Os/MWCNT thin films
with different concentrations of MWCNT (0.5, 1, and
2 wt.%). It was observed that the surface roughness and
average grain size values increased with increasing
MWCNT concentration ratio, as shown in table (2). As
the surface roughness increases, it has an important
benefit in solar cell applications through increasing the
angles of radiation falling on the film surface and
lowering the reflectivity, therefore, the absorption of

the electromagnetic radiation will increase cell
efficiency [24].
Table (2) AFM parameters for pure Bi,O3 and Bi,Os/MWCNT
thin films
Average Roughness | Average
Simple Roughness (R.M.S.) Diameter
(nm) (nm) (nm)
Pure Bi20s 59.38 67.53 85.31
0.5wt.% MWCNT 194.8 223.9 90.24
1wt.% MWCNT 223.6 274.8 95.14
2wt.% MWCNT 228.0 284.6 82.55
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Fig. (4) 2D AFM images for (a) Bi,O; pure, (b) and 0.5 wt.%
MWCNT, (c) 1 wt.% MWCNT, and (d) 2 wt.% MWCNT
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Figure (5) shows FE-SEM images of pure Bi,Oz and
Bi;Os/MWCNT thin films with different MWCNT
concentration (0.5, 1, and 2 wt.%). These micrographs
showed a rough microstructure; Bi,O; and MWCNT
nanoparticles are in good contact with each other and
attached to the substrate. In addition to the
morphological structure, the porosity of all films can be
observed, and as the MWCNT concentration ratio
increases, the porosity of the films becomes larger,
whereas Bi,O3; nanoparticles become smaller [23].

The measurements of absorption spectra of the
prepared films in the wavelength range of 300-1100 nm
have been carried out wusing a UV-visible
spectrophotometer and figure (6) shows these spectra
for the pure Bi>O3 and BiOs/MWCNT thin films with
different MWCNT concentrations (0.5, 1, and 2 wt.%).
The highest absorbance of the prepared films is in the
visible region (short wavelengths) and then begins to
decrease with increasing wavelength. This can be
attributed to the fact that the photon energy is not
enough to transfer the electron from the valence to the
conduction band because the energies of the incident
photons are lower than the value of the energy gap. In
addition, the absorbance increases with increasing
MWCNT concentration.

SEM MAG: 200 kx Det: InBeam |
WD: 5.80 mm BI: 7.00 200 nm
View fleld: 1.04 ym | Date(midly): 07/14124

MIRA3 TESCAN|

SEM MAG: 200 kx |
WD: 6.12 mm BI: 7.00 200 nm

Det: InBeam MIRA3 TESCAN|

View fleld: 1.04 ym |Date(midly): 07/14124
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Fig. (5) FE-SEM images for (a) Bi,O; pure, (b) and 0.5 wt.%
MWCNT, (c) 1 wt.% MWCNT, and (d) 2 wt.% MWCNT
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Fig. (6) Absorption spectra of pure Bi;O3; and Bi,Os/MWCNT
thin films

Figure (7) shows that the optical energy gap (Eg)
value gradually decreases with increasing MWCNT
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concentration for all samples. This decrease in the
energy gap may be due to the increase in the density of
states that lead to the formation of energy sub-levels
within the energy gap.

8E+12
——— Bi203 pure, Eg=2.8eV
———0.5 % MWCNT, Eg=2.3eV
1% MWCNT, Eg=2.1ev
BE+12 1 2% MWCNT Eg=2 eV
3 ﬂf
@
£
S 4E412
2
s
2E+12 -
1 15 2 25 3 35

Photon energy (eV)
Fig. (7) Energy gap of pure Bi,Oz and Bi,Os/MWCNT thin films

4. Conclusion

According to the results obtained from this work, it
can concluded that all pure Bi2O3 and Bi;Os/MWCNT
thin films with different MWCNT concentrations were
successfully  produced. These films showed
polycrystalline structure with tetragonal p-BiOs3
structure. The surface roughness and average grain size
of the prepared films have increased with increasing
MWCNT concentration. The MWCNT and Bi,O3
nanoparticles are in good contact. The energy gap for
the films decreased from 2.8 to 2.0 eV with increasing
MWCNT concentration ratio.
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