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Enhanced Corrosion Resistance of Titanium-Cobalt
Alloys Coated by Alumina Using Plasma Sputtering

Zainab T. Abdulhamied, Shahlaa Jomaa, Ageel F. Hassan

Ministry of Science and Technology, Baghdad, IRAQ

Abstract

In this study, plasma sputtering technique was used to enhance the yearly corrosion average of alumina to be
about 2.21x10"* mpy on Ti-20%Co alloy. The Ti-Co alloy is popularly used for surgical implant because it has
good mechanical properties, high degree of biocompatibility, bioinert and osseo-integrations with bones. This
research is focusing on different sputtering parameters such as the discharge voltage, sputtering time and gas
pressure. A good result was found when a 1200 V is applied on the electrodes for 4 hours under 4x10-3 mbar
argon gas pressure. The electrochemical tests of the Ti-20%Co alloy were also performed before and after
coating in simulated body fluids. The average corrosion rate of alloy before coated was 1.98x10-2 mpy, while
the average corrosion rate after coted Al203 was about 2.21x10 mpy at 1200 V.

Keywords: Plasma sputtering; Ti-Co alloys; Corrosion; Ceramics; Biomaterials; Biomedical applications
Received: 2 May 2022; Revised: 4 July 2022; Accepted: 11 July 2022; Published: 1 October 2022

1. Introduction

Sputtering comes from the operation of the
collision between accelerating particles
towards the target. The exchange operating
between particles and target atoms of the
upper layer in specimens. The number of
sputtering atoms depends on the angle fall of
the bombing particle.it is increasing with
many factors started with the cosine fall angle,
mass bombing particle, speed. when particle
falls and colliding vertically with the target
atom, so the atom diffusion inside the target
away from the surface, yet there will be no
sputtering these collisions accrue a different
atomic levels inside the crystalline material
that causes a loss in the ionic energy some
atoms obtain energy through inflexible
collisions because of many atomic levels deep
in the material the atoms acquire different
energies, the atoms can escape from upper
level when they have a larger energy. The
dropping iconic energy, but the atom exists on
the far levels suffers from many collisions
neighboring atoms then loss many energies
and escape the surface target. This energy
sputtering will be fewer than the sputtering
atom energy on the target surface [5-7].

The characteristics of alumina is a strong
ionic bonds, density about 3.95 g/cm?3the
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hexagonal phase a-Al2O3 is considered more
stable from other phases is called Corundum
which is widely using in applications because
of its high hardness, good thermal and high
electrical insulation. Alumina (Al2O3) has two
phases white crystalline structure (physical
and chemical) properties are called phase o
and phase y [10]. It has been noticed that a-
Al,Oz is looked like white crystals not
inclined humidity it exists naturally in the
Corundum metal. Table (1) shows the most
common properties of aluminum oxide.

Table (1) properties of aluminum oxide [11]

Aluminum Oxide (Alumina)
Chemical formula Al,O4
Molar Mass 101.96 g/mol
Density 4.05 g/cm®
Melting point 2054 °C
Solubility in water Negligible

When the aluminum hydroxide is heated
under 400°C y-aluminum oxide, it seems
white smooth powder and disintegrates in
acids and moves to phase a-aluminum when
heating to it under 950°C. Also, that y-
aluminum characterize of its good portability
of absorption so this is why it is used during
operations and removal colors of solutions
[8,9]. Surface modifications of materials
provide the base for achieving specific
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material properties for specific applications.
The main advantage of laser surface
modification is the ability to improve the
properties of different materials [12]. The
performance and applications of biomaterials
in biological systems are of critical
importance for the development of biomedical
implants and tissue engineering. There are
numerous biomaterials that can be used in the
human body, such as metals e.g. stainless
steel, cobalt alloys, titanium alloys), ceramics
(@luminum  oxide,  zirconia, calcium
phosphates), and synthetic and natural
polymers [13]. Table (2) summarizes the
medical and biomedical applications of some
ceramic materials.

Titanium is a reactive material and has an
very high affinity for oxygen, which means
that the protective oxide film forms
spontaneously and instantly and its disruption
or damage is repaired immediately [9], if the
metal is in the presence of air or oxidizing
media, as is the case in a biological system
when a bio-liquid surrounds the metal [17].

Table (2) Medical and biomedical applications of some ceramic
materials [3]

Ceramic Applications

Alumina | AlLOs

Silicon . . . .

Carbide SiC Cutting tools, dies, wear, resistant parts

— and coating, oxidation barriers, bearing

Silicon . -

Nitride SisNs | surfaces, high temperature components,
Zirconium | 210 turbine parts, hip implants, body armor,

u 2_| radiation shielding.
Boron BN
Nitride

2. Materials and methods

For the purpose of studying the exact
structure of the alloy use an etching solution
is made from (H2010ml.HCI:5ml
HNO3:15ml) specimen immerses for 5 second
with the etching material that is followed by
washing the specimens with the dropping
water then the operation drying specimens,
the microscopic examination shows two phase
in all main shapes in the alloy, moreover the
base structure which formers from (B-Ti) with
cubic body center bcc. The result of the exact
examination for the untreated alloy on the
Alfa grains in the Beta flooring. And found
structure (a and B3) is distinguished the best

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

Vol. (5) No. (4) October-December 2022, pp. 3-6

properties and it is used in the application of
the surgical implants [14].

It was depended on the electrochemical
method for measuring the corrosion rate of the
base alloy, the specimens are coating with
alumina. The tests were done by using
potential which was made laboratory by water
bath method with fixed temperature of liquid
about 37+£1°C to simulate the temperature of
the human body [12].

The way of drawing the polarization curve
potential stress, at first it depends on the
determination of potential value between the
work pole and comparative pole when there is
no current in the outer circuit, whenever the
value of current equal zero, the circuit will be
open and this is called corrosion potential or
open circuit potential [10]. Also that
determinate the open circuit potential for the
coated and uncoated specimens of the alloy.
We need to immersion these specimens in
SBF solution which was laboratory prepared
for finding the equilibrium between the
specimens and the electrolytic solution. The
value of the changes in potential with time
was read for half-an hour for each specimen.
Figure (1) illustrates (OCP) for the specimens
before and after coating with different times.
The result shows a passive thin layer which
covers the alloy through immersion it in SBF
solution which was stable after a very short
time and it is found to move and getting closer
towards the behavior of the noble element.

0.40

0.20

0.00

-0.20

Potential mV (sce)

-0.40

-0.60
I I I I

0 1000 2000 3000 4000
Time ( sec)

Fig. (1) Open-circuit potential (OCP) for Ti-20%Co alloy coated
and uncoated by sputtering with Al,O3; and argon gas pressure
4x102 mbar
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Figure (2) shows polarization curve for
base alloy before coating in SBF solution
which is prepared laboratory. It has been
determined the influencing parameters in the
behavior corrosion, which are value of
corrosion current and corrosion potential, by
using Tafel extrapolation and through the
fixed program in the Potential Stress device.

The Tafel curve in Fig. (2) showed that the
base alloy (TiCo) has a corrosion current
density lcor (1.37x10°A/cm?) which s
coincided with the value of current density for
the most of Titanium alloys in the same
corrosion middle (SBF) [15,16],yet the value
of corrosion potential Ecor Was (-905mv)
while the average corrosion of alloy was
1.98x102 mpy.

.....................

[

[ |

=1 |-|rl.|-||-|r|'r|—| =1 r o -
i

Fig. (2) The polarization curve of uncoated base alloy in SBF

The specimens are coated with alumina
seen in figures (3-5) by polarization curves for
Ti-20%Co alloy are coated with Alumina and
with different sputtering volts (450, 850 and
1200 V). The coated alloy under 1200 V and
(the thickness of the layer is 0.41mm) showed
less resistant for the corrosion in a comparison
with the base alloy and it is obvious from the
high corrosion current value from corrosion
value of base alloy equals lcor (2.35x1072
HA/cm?), Ecor (-337.2mV) and the yearly
corrosion average is about (2.21x10* mpy).
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Fig. (3) The polarization curve of coated base alloy with Al,O; at
450 volt in SBF

L
H t

3

Sl

I —Y.

Fig. (4) The polarization curve of coated base alloy with Al,Og
with 850 volt in the SBF

Fig. (5) The polarization curve of coated with Al,Ozat 1200V in
SBF

It is obvious that all the figures shows
corrosion resistance for coated specimen with
sputtering volts 850 volt and coated layer
thickness about 0.3 mm was recorded for
1.321x10 pA/cm?, Whereas the average
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corrosion yearly is 1.242x10° mpy. We notice
that for the specimen coated at volts 450 volt,
coated layer thickness 0.25 mm. The
corrosion current equal to 1.086 pA/cm? and
the average corrosion yearly (1.698x10?
mpy), while the corrosion potential of the
coated specimens range Ecor (-363.7,-262.6
mV), respectively.

4. Conclusions

The results indicated that Ti-Co developed
a more stable passive layer than the other
alloys. This is due to thick Al,O3 layers that
help create a passive layer that is more
resistant to corrosion. The results show the
clearly increasing in the sputtering voltage
leads to increasing the layer thicknesses at the
same time, all optical microscopic pictures
shows homogenous Al>Os thick films on Ti-
Co alloy surface, also we found the base
structure which formers from B-Ti with cubic
body center in white color with deep color for
a-Ti phases. In corrosion test we fixed
temperature at 37°C for SBF, in OCP test we
show passive thin layer covers the alloys after
immersion in SBF which was stable after a
very short time and its behavior of the noble
element.
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Thin Films Prepared by Sol-Gel Technique
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Abstract

In this paper, the optical properties of MgO and MgO:TiOz nanostructured thin films grown on quartz substrates
by sol-gel (dip-coating) are studied. It should be noted that the thickness of the deposited film was about 250nm.
The films were heated in air at 550°C for 3 hours. The results showed that the impurities cause a decrease in
the transmittance and energy band gap of (from 4 to 3.68eV). The films were examined for their ability to detect
NHs gas at 6 ppm at room temperature by measuring their sensitivity to this gas at various times.

Keywords: Thin films; Sol-gel; magnesium oxide; Titanium dioxide; Gas sensors
Received: 3 May 2022; Revised: 5 July 2022; Accepted: 12 July 2022; Published: 1 October 2022

1. Introduction

Due to its wide energy band gap, good
chemical properties, thermal stability, and
optical properties, magnesium oxide (MgQO) is
a particularly promising candidate for
semiconductor devices and their applications
[1,2]. This compound is relatively easy to
prepare due to its high oxygen affinity and low
temperature of melting of magnesium [3-5].
So many research works have been performed
for the production and description of
nonporous MgO either as powder or as thin
films [6,7]. Much attempt has been devoted to
the assembly of nanostructures of MgO using
several techniques such as chemical spray
pyrolysis [8], sol-gel [9,10], sonochemical
[11], electron spinning [12], silar [13], and
magnetron sputtering [14-17]. Amongst, the
sol-gel method provides high-quality oxide
materials that are easily adapted for thin film
preparation [18,19]. The exceptionally
smooth surface of films prepared using sol-gel
method is crucial for achieving the
appropriate  characteristics in  many
applications [20,21]. Other benefits of this
method contain great purity of the precursor,
high homogeneity of the materials, low
processing heat, no need for vacuum
environment, low operation cost, and high
resilience [22,23].

The aim of this search is to find, the
influence of the doping of TiO2 on the
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structure, optical, and sensing properties of
MgO thin films by using sol-gel technique.

2. Experimental Details

In this paper, the route of the inorganic
precursor was selected to fabricate MgO
nano-doped with TiOz thin films. In the first
step, MgO was prepared by dissolving 8.3 ¢
Magnesium acetate tetrahydrate
(CH3COO0).Mg-4H,0) (99%) in 30 ml of
methanol. Nitric acid is added to the solution
while stirring as a catalyst. The stirring was
continued for 1 hour at room temperature to
obtain a clear and homogeneous solution. In
the second step, TiO2 was prepared by using
Ti{OCH(CHa3)2}4, the ethanol C.HsOHEtOH
and acetic acid CH3COOH as a catalyst,
Obtained of all materials were from (Sigma
Aldrich) with a purity of 99%. A gel solution
was attained by dissolving 3.15 ml of TIP in
25 ml of ethanol and 5 ml of acetic acid, and
for 1 hour was the solution stirred. In the third
step, add TiO2 to MgO solution with volume
ratio (V/V) of 3% and 5% with stirred at 60°C
for 30 minutes to obtain a homogenous MgO
aqueous solution which leaves to 24 hours at
room temperature before the deposition
process. Then, Pure and TiO2, doped MgO
was deposited on quartz substrate using dip
coating technique and then dried on a hot plate
for 25 min at 100°C. Finally, the films were
annealed with a furnace for 3 hours at 550°C
to obtain nanocrystallization of MgO.
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Structure crystal analysis of MgO films
based on and using a SHIMADZU XRD
system with CuKal irradiation with A=1 54A.
The size of the crystal was calculated using
the equation of Scherer [24]:

D=KkA/B cosd @

where k is a constant to be booked as 0.9, A is
the wavelength of x-ray (1.54 A), B is the full-
width at half maximum (FWHM), and 6 is the
diffraction or Bragg’s angle of the XRD peak

Optical  transmittance and  absorbance
measurements  were  performed using a
SHIMADZU 1800 dual-beam UV/VISIBLE
spectrophotometer in the wavelength range of
300-1000 nm.

3. Results and Discussion

Figure (1) shows the transmission spectra
of pure and doped MgO films in the UV and
visible regions of electromagnetic spectrum.
The transmittance decreases with increasing

Vol. (5) No. (4) October-December 2022, pp. 7-10

The energy band gap of the prepared thin
films are calculated from the following
equation [26]:
ahv=A(hv-Eg)" 3)
where h is Planck’s constant, v is the
frequency of the incident light, Eg is the
energy of the optical band gap of the material,
r is a constant indicating the type of transition
(direct or indirect, allowed or forbidden), A is
a constant, Av is the photon energy

Figure (2) represents the Tauc’s relation to
show the variation of (a4v)? with the photon
energy (Av). The results show that the energy
band gap of the sample doped with 5 wt.%
TiO2 decreased from 4 to 3.68 eV, which
means that the absorption edge was shifted
from 310 to 336 nm. This decrease is due to
the formation of donor sub-levels within the
energy gap [27,28].

1E+12
doping level to be 63%, 55% and 52% for 'r
pure, 3 wt% and 5 wt% samples, ~ 8E+11 - Eg=4 eV )
respectively. This behavior is ascribed to the
. . . =~ BE+11 r
increase in the tuning of free electrons as the 2
. - - - " L
dopant (TiO2) concentration is increased. N 4E+11 -
The absorption coefficient (a) of the .§ -
prepared thin films was calculated from the =S
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Fig. (1) Variation of transmittance with wavelength of MgO films
for various doping of TiO, (a) pure, (b) 3%, and (c) 5%
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Fig. (2) Plots of (ahv)? versus photon energy for MgO films for
different doping of TiO; (a) pure, (b) 3%, and (c) 5%

4. Conclusion

In this work, pure and TiO2-doped MgO
thin films were prepared using sol-gel
method. The optical properties of the prepared
films were studied as functions of heat
treatment. All samples showed high
transmittance in the visible region, which
decreases with increasing TiO2 doping level.
The values of the optical band gap are noticed
to decrease from 4 to 3.68 eV at higher TiO>
doping levels. The results of SEM and AFM
display that the grain size decreases as the
doping level is increased. The prepared films
were then exposed to NHz gas to determine
their sensitivity as gas sensors. The results
show that the MgO thin films doped with 5
wt.% TiO2 exhibit much more sensitivity to
NH3 gas than pure MgO films.
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Abstract

In this paper, the sensing properties of nanocrystalline MgO and MgO:TiOz2 films deposited on quartz substrates
by sol-gel method are studied. The films were heated in air at 550 °C for 3 hours. The films were examined for
their ability to sense NHs gas at 6 ppm at room temperature by measuring their sensitivity to this gas at various
times. Our results demonstrated that the films were very highly sensitive to NHs gas, and the design and
fabrication of the ammonia detection gas sensor at room temperature.
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1. Introduction

Metal oxides are very important materials
of technology for use in electronics and
devices of photonic [1]. Magnesium oxide
(MgO) is a very convenient filter for
applications of insulation owing to its low
capacity of heat and high melting point [2-4],
pollutant absorbents [5], and gas sensor [6].
Nowadays, the use of MgO and its devices
might be more intriguing due to their potential
use as heterogeneous catalysts and supports
for metal nanoparticles in electronic devices,
insulating metal oxides have received a lot of
attention recently [7-10].

The aim of this search is to find, the
influence of the doping of TiO2 on the
structure, optical, and sensing properties of
MgO thin films by using sol-gel technique.

2. Experimental Details

In this paper, the route of the inorganic
precursor was selected to fabricate MgO
nano-doped with TiO2 thin films. In the first
step, MgO was prepared by dissolving 8.3 ¢
magnesium acetate tetrahydrate
(CH3COO0)2Mg-4H.0) (99%) in 30 ml of
methanol. Nitric acid is added to the solution
while stirring as a catalyst. The stirring was
continued for 1 hour at room temperature to
obtain a clear and homogeneous solution. In
the second step, TiO2 was prepared by using
Ti{OCH(CHs3)2}4, the ethanol C2HsOHEtOH
and acetic acid CH3COOH as a catalyst,
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Obtained of all materials were from (Sigma
Aldrich) with a purity of 99%. A gel solution
was attained by dissolving 3.15 ml of TIP in
25 ml of ethanol and 5 ml of acetic acid, and
for 1 hour was the solution stirred. In the third
step, add TiO2 to MgO solution with volume
ratio (V/V) of 3% and 5% with stirred at 60°C
for 30 minutes to obtain a homogenous MgO
aqueous solution which leaves to 24 hours at
room temperature before the deposition
process. Then, Pure and TiO2, doped MgO
was deposited on quartz substrate using dip
coating technique and then dried on a hot plate
for 25 min at 100°C. Finally, the films were
annealed with a furnace for 3 hours at 550°C
to obtain nanocrystallization of MgO.
Structure crystal analysis of MgO films
based on and using a SHIMADZU XRD
system with CuKal irradiation with A=1 S4A.
The size of the crystal was calculated using
the equation of Scherer [11]:
D=kA/B cosO Q)
where k is a constant to be booked as 0.9, A is
the wavelength of x-ray (1.54 A), B is the full-
width at half maximum (FWHM), and 6 is the
diffraction or Bragg’s angle of the XRD peak
The shapes of the resulting films were
described by a CSPM- 5000 atomic force
microscope (AFM).

3. Results and Discussion

Figure (1) displays the diffraction of x-ray
diffraction patterns of TiO2-doped MgO films
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at different concentrations of TiO2 doping
(pure, 3, and 5 wt.%), on quartz substrates
annealed at 550°C. The XRD patterns reveal
strong and sharp (200) and (220) diffraction
peaks respectively indicating the formation of
MgO. All films are polycrystalline with a
cubic structure. The TiO2-phase compound at
these peaks could not be confirmed by XRD
due to small levels of TiO, doping. The
crystallite size was calculated using Eq. (1) to
be 35.2, 22.4 and 12.2 nm for doping levels of
0, 3, and 5 wt.%. of TiO2 doping, respectively.
It is clear that the crystallite size decreases
with the TiO. doping level due to the
difference in molecular size between MgO
and TiO., which can cause a slight lattice
disruption and these results are in agreement
with [12-14].

400 -
350 - (200) (220)
250

Mc
200

150 1
100

300

Intensity (a.u.)

50 7
O

30 35 40 45 50 55 60 B5 ¥O
23|degree)

Fig. (1) XRD patterns of MgO films at different doping levels of
TiO; (a) pure, (b) 3%, and (c) 5%

Figure (2) reveals the 3D AFM profiles of
pure and doped MgO thin films for different
concentrations of TiO2 (pure, 3 and 5 wt.%).
The regular size of the grain of the doped and
pure MgO films is measured from AFM
results using software to be 90-60nm. The
AFM results show that by the TiO2-doped
MgO thin films were rougher than the pure
film, and the grain size became smaller. This
result is consistent with [21].

The sensitivity (S%%) of the MgO thin
film gas sensor is usually defined as the ratio
of the film surface resistance (Ra) in air to that
in presence of gas (Rg) as [15]
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5 = [*="2| x 100 (4)

The sensitivity of MgO thin film for NH3
gas has been studied at a concentration of 6
ppm. The sensitivity of MgO thin films
prepared by dip coating on quartz substrates
with different concentrations of TiO2 as a
function of operating time for NH3 gas with
operation temperatures at room temperature is
shown in Fig. (3). The sensitivity increases
with operating time for all films. The
sensitivity of the semiconducting metal oxide
sensor is determined by the reaction between
the gas and the film sensor surface.

Fig. (2) 3D AFM images of MgO films at various concentrations
of doping with TiO, (a) pure, (b) 3%, and (c) 5%

It is noticed that the sensitivity for all
samples increases with increasing the
concentration of TiO2 doping. The sensitivity
of pure MgO film is lower than that of doped
MgO films and the MgO film doped with
5wt.% Ti02 has the highest sensitivity at room
temperature. The decrease in the sensitivity, in
this case, is due to the effect of the change in
the grain size [16-18]. Sensor samples with
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small particles and high roughness have high
surface area, which provides more active sites
where invasive species absorb and interact.
The sensitivity of pure MgO and TiO.-doped
MgO thin films to NHsz at room temperature
for all samples is illustrate in table (1).

Table (1) Values of sensitivity (S) for pure MgO and MgO:TiO,

for NH; gas
TiO, doping Sensitivity (S)%
—— concentrations atR.T
pure 11
NH; 3% 27
5% 40
45
40 - 5%
35 A
X 30
v
£ 25 - 3%
=
"ﬁ 20 -
c
& 15 -
10 + //_ pure
5 1)
O T 1
0] 200 400
Time (sec)

Fig. (3) Sensitivity (S%) as a function of time for MgO films of
different doping concentrations of TiO,

Figure (4) shows the variation of
sensitivity to NHsz gas with operating
temperature for pure and TiO2-doped MgO
films annealed at 550°C. The sensitivity
increases with increasing TiO. doping level
for all films. This figure also shows that the
sensitivity increases with increasing operating
temperature to reach its maximum
corresponding to an optimum operating
temperature (250°C) as the resistance drops
and the sensitivity rises. Furthermore, the
sensitivity to NHs gas drops at 300°C as the
higher operating temperature makes the
lifetime of electrons in the sensor device
shorter and increases the resistance, thus, the
sensor is requiring excess electrons to
operate [19,20].
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Fig. (4) Sensitivity (S%0) as a function of temperature plot of MgO
films for various doping concentrations of TiO, for NH; gas

4. Conclusion

In this work, pure and TiO2-doped MgO
thin films were prepared using sol-gel
method. The structural properties of the
prepared films were studied as functions of
heat treatment. Structural characterization
showed that all films are polycrystalline and
the degree of crystallinity decreases with
increasing TiO2 doping level. The prepared
films were then exposed to NHs gas to
determine their sensitivity as gas sensors. The
results show that the MgO thin films doped
with 5 wt% TiO2 exhibit much more
sensitivity to NHs gas than pure MgO films.
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Abstract

In this work, a planar heterojunction perovskite-based solar cell’s conventional structure consisting of a back
electrode, hole transport material (HTM), perovskite absorber, electron transport material (ETM), and
transparent electrode is proposed. This study used ETM (SnOz) with the perovskite CHsNH3sPbBrs and found
that the combination of SnO2 and perovskite produced a high efficiency. Device performance has been shown
to be significantly impacted by the HTM's hole mobility and acceptor concentration, interface trap density, and

back contact metal’s work-function.

Keywords: Tin dioxide; Solar cells; Perovskite solar cells; Organometal halides; Electron transport material
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1. Introduction

The most significant factor The solar
photovoltaic cell design attempts to maximize
cost-effectiveness ~ ratio, which entails
reducing the overall cost while enhancing the
longevity and performance of PV module [1-
5]. Numerous factors can impact an efficiency
of solar cell. First and most vital component is
how much electromagnetic energy passes
through the absorber layer and is used by the
solar cell to produce energy. Second, various
materials' coefficients of absorption, band
gaps, and consequently theoretical maximum
efficiencies vary [6]. The former's thickness
could not be ideal for the deployment of
charge carriers, whilst the latter's intensity
rises and output falls [7]. The amount of light
that is absorbed by the substance, or the
amount of light that reaches the substance that
is absorbing, reflecting, transmitting, and
absorbing light is the fifth factor. The sixth
factor that has an impact on efficiency is
temperature sensitivity [8].

In structures of perovskite with the general
formula ABXz (X is carbon, oxygen, nitrogen,
or halogen), the cation is filled on a
cubooctahedral site, while the B cation is
occupied on an octahedral site (Fig. 1). When
used with O anion, the elements A and B are
frequently divalent and tetravalent. On the
other hand, monovalent and divalent cations
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can be used at sites A and B when perovskites
containing halogen anions are present. The A-
site cation in CH3NH3Pbl; is CH3NH3", and
the B-site cation is Pb?*, as shown in (Fig. 2b).
The formability of perovskite is determined
using the geometric tolerance factor (t) [7,9],
t = (ratrx)/[Hz(re+rx)], where the effective
ionic radii for ions A, B, and X are,
respectively, ra, rs, and rx. A perfect cubic
perovskite is anticipated for transition metal
cations that make up oxide perovskite when
t=1, however an octahedral distortion is
observed at t=1 [8,10].

(a) O (b)
3 I ’

°co Q o
N |

b P ‘

a

Fig. (1) (a) the structure of the perovskite ABX3 with the larger
A cation occupied in the Cubo octahedral position and the BX6
octahedral structure. (b)show A cubic perovskite unit cell made
of CH3NH3Pbls. The first image in (b) was lifted from Ref. [9]

Burgelman et al. have developed the
SCAPS 1D simulator by solving basic
semiconductor device equations in a stable
environment [10] to thin film heterojunction
solar cells' electrical properties in a model. It
was used in this study to examine how a real
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solar cell (MASnI3) device performed with
various material parameters. Both interface
defect recombination and deep bulk level
defect recombination are supported by the
program (non-radiative recombination) [11].
Radiative (direct band-to-band
recombination) and interface recombination
account for a sizable portion of the system's
recombination losses, which are
counterbalanced by  Shockley-Read-Hall
recombination (propagated by defects or
traps) [12]. The flow chart below shows the
steps involved in SCAPS simulation.

Radiative recombination (direct band-to-
band  recombination)  and interface
recombination account for a sizable portion of
the recombination losses in the system under
consideration, which are balanced by
Shockley-Read-Hall recombination
(propagated by defects or traps). Figure (2)
shows a flow chart of the SCAPS simulation's
stages in detail [11,12].

‘ Launch SCAPS |

b

| Define problem |

e

‘ Specify the working conditions |

A

Indicate actions to be measured

b

Run Simulation program

N

Display simulated plots

Fig. (2) Simulation procedure

Fig. ?3) solar cells made of

Heterojunction
C,uO/CH;3NH3Pbly/TiO,, C,uO/CH;NH;PbBrs/ZnO on a SCAPS
panel

It’s important to note that the simulation
parameters for the architecture's layers were
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selected with consideration for existing
experimental results and relevant research
[14]. The main variables of the simulation are
listed in table (1).

Table (2) The ETM composition , the absorber, and the HTM

[15-16]
Parameters Cu0 CHsNHsPbBrs SnO;
Band gap (ev) 2.17 2.33[18] 35
Effinity of Electron (ev) 3.20 3.70 [19] 4
Electrical conductivity 7.11 7.50 [21] 9
CB state-effective density 2.02E+17 1.00+17 [21] 4.300E+18
(L/cm?) ‘
VB state-effective density 1.10E+19 1.00+17 [21 2 500E+19
(L/cm?) :
Mobility of electron 2.000E+2 24 [22]
(cmP/v.s) 1.0008+7
mobility of hole (cm?/v.s) 8.00E+18 24 [22] 1.000E+7

2. Discussion

The variation of solar cell properties as a
defect function density as shown in Fig. (4).
The simulation model's flaw density ranges
from 2x10% to 14x10%" cm™. With increasing
flaw density, the PV parameters randomly
decrease. The lowest defect density in the
absorber layer is 2x10%" cm3, and the highest
PV attributes are an efficiency of 40.61%, a
fill factor of 64.31%, a Jsc of 46.01 mA/cm?,
and a Voc of 1.37 V. This makes it obvious
that cells perform considerably worse when
the defect concentration is increased [17-19].

Simulations have employed a variety of
metals as potential back contacts for
perovskite solar cells, including silver (Ag),
iron (Fe), copper (Cu), graphite alloy, gold
(Au), nickel (Ni), cr, si, and platinum (Pt). The
majority carrier barrier height (relative to Ef)
decreases as metal work function rises as a
result of band bending at the metal-
semiconductor interface, increasing the
contact's ohmicity. Every parameter increases
in line with the increase in the metal's work
function.

Table (3) Device parameters and defect for
CUzo/CH3NH3PbBr3/Sn02

Defect Voc Jsc FF Efficiency%
Nt(1/cm®) (volt) (mA/cm?)
2*10Y 1.37 46.01 64.31 40.61
4*10Y 1.36 45.89 64.28 40.41
6*10"" 1.36 45.78 64.25 40.24
8*10% 1.36 45.68 64.23 40.09
10*10Y 1.36 45.58 64.21 39.96
12*10Y 1.36 45.49 64.20 39.85
14*10Y 1.36 45.41 64.20 39.75
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Fig. (4) Solar cell parameters as functions of defect concentration
in the HTM/CH3NHsPbBri/ETM layer

Table (4) Impact of different metal contacts on the cell's

efficiency
Work Voc Jsc FF Efficiency
Function(ev) (volt) (mA/cm?) %
Cr 45 0.9 45.64 15.71
Si 4.6 1.08 45.73 19.75
Ag 4.7 1.22 45.8 23.87
Ta 4.8 1.15 45.86 28.06
Zn 49 1.08 45.92 323
Co 5 11 45.97 36.56
Au 5.1 1.3 46.01 40.61
Pt 5.12 "1.48 46.02 41.23
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Fig. (5) Solar cell parameter as functions of the metal work
function

3. Conclusions

In this study, a change in CH3NH3sPbBrs3,
SnO: thickness was noted. The study also
investigated a wide range of temperature,
defect, and work function to identify the ideal
parameters  that matched to  the
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Cu20/CH3NH3PbBra/SnO, device's greatest
efficiency, which achieved 41.23% at work
function 5.12 eV.
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Abstract

In this study, the cellulose (C) was extracted from plant wastes such as rice husk and the preparation of nano-
cellulose (NC) using acid hydrolysis and ultrasound method, and the preparation of carboxymethyl cellulose
(CMC) and carboxymethyl nano cellulose (NCMC) by alkalization and etherification method were presented.
Some characteristics of these compounds were studied, including the size of the natural polymers, the
percentage of yield of nanopolymers, the functional groups using FT-IR spectroscopy, the structure using XRD
patterns. It was found that the viscosity of nanopolymers decreased compared to polymers in the natural size,
and it was 80.33 and 52.23 for CMC and NCMC, water binding capacity (WBC) recorded a decrease for the
nanopolymers compared to the polymers in the natural size and it was 725.42% and 540.76% for CMC and
NCMC, respectively, and the fat binding capacity (FBC) was 511.35% and 230.25% for CMC and NCMC,

respectively.
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1. Introduction

Biopolymers are biodegradable polymeric
materials and include natural polymers of
plant, animal and microbial origin or
polymers are chemically manufactured from
natural units such as polylactic acid [1].
Cellulose (CsH100s)n is one of the most
abundant biopolymers available in nature and
IS a major component of the cell wall [2].
Also, it is from homogeneous polymers
formed by linking glucose units together with
linkages from type (B,1-4) [3]. Moreover,
each unit of cellulose contains three hydroxyl
groups that can form hydrogen bonds, which
makes cellulose unstable, poorly soluble in
water, and poorly soluble in organic solvents
[4]. Cellulose is a water-insoluble polymer
because of its high crystallization degree and
increased hydrogen bonds between polymer
chains, which limits its uses in many food
industries [5]. In order to overcome these
problems, it is resorted to converting
Cellulose to its water-soluble derivatives and
common solvents, as these derivatives
obtained through chemical reactions include
Carboxymethyl cellulose (CMC), Methyl
cellulose (MC), Hydroxypropyl cellulose
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(HPC), and Hydroxypropyl methylcellulose
(HPMC) [6]. CMC is one of the most
important straight chain anionic
polysaccharides, which is a cellulose ether
produced by replacing the hydroxyl groups in
the glucose molecule of cellulose with a
carboxymethyl group (—CH2-COOH). CMC
is prepared from the reaction of cellulose with
sodium hydroxide (NaOH) and chloroacetic
acid (monochloroacetic acid (MCA)) [7].

The study aimed to  produce
Carboxymethyl cellulose nanoparticles from
the most abundant polymers in nature from
agricultural food wastes, which constitute
great harm and an increase in environmental
pollution harmful to health. As well as
studying the properties of these nanopolymer
in terms of effective groups using FTIR, and
their degree of crystallinity using XRD.

2. Materials and Methods

Rice husks were obtained from the local
mill in Basra Governorate, sulfuric acid 98%,
NaOH, NaOCl,, acetone, ethanol, acetic acid,
toluene, isopropanol, monochloroacetic, and
laboratory materials from Sikma Company.
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Nanocellulose was prepared from 10g of
dried cellulose was weighed in a beaker
containing 90 ml of 47% sulfuric acid (9 ml of
acid/g of cellulose) and heated to 45°C with
stirring with a magnetic stirrer (600 rpm) for
90 minutes. The reaction was stopped by
adding 10 times cold distilled water, then
centrifugation was carried out at 8000 rpm for
15 minutes at a temperature of 10°C. The
centrifugation process was repeated until the
pH reached neutral. After that, the cellulose
suspension was transferred to the Ultrasound
device after placing the sample in an ice bath
and setting the device at 400 watts and 20 kHz
for 30 min. In the next step, the samples were
placed in a freeze at -20°C and transferred to
a freeze-dryer at the College of Marine
Sciences to obtain the nano-cellulose powder.

Both CMC and NCMC were prepared by
two steps:

1- Alkalization pretreatment: Weigh 2
gm of cellulose or nano-cellulose, add 150 ml
of isopropanol and 20 ml of (20% NaOH)

2- Etherification reaction: 3.5 gm of
monochloroacetic acid was added to the
mixture, and 200 ml of ethanol solution was
added, and the pH was adjusted to (6-8) using
acetic acid. The filtrate was then discarded,
and the product was washed three times with
ethanol solution and dried at 40°C for 24
hours.

The percentage of the Polymer yield was
estimated using the following equation [8]:
Polymer yield (%) = % x 100 (1)

The active groups of polymers and
nanopolymers were determined using the FT-
IR (FT/IR-4100, Jasco, Japan), and the
wavelength range was from 400-4000 cm™.

The crystallinity of polymers and
nanopolymers was measured using an X-Ray
Diffraction device (X-Pert pro), with an angle
of 26 from 10 - 40 degrees. The degree of
crystallinity — of  cellulose, cellulose
nanopartiches, carboxymethyl cellulose and
carboxymethyl cellulose nanoparticles was
calculated according to Eq. (2) [9]:
crl = (Igoz — 22 x 100 @)

Looz)
where Crl is the crystallinity index, lo2) is the
peak of the crystallization curve at 26 = 22-26,
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Iam) IS the top of the curve for the amorphous
diffraction at 20 = 15-18.

The water binding capacity of
carboxymethyl cellulose and carboxymethyl
cellulose  nanopartiches was estimated
according to the method used by (No et al.,
2000).

The data were statistically analyzed
according to a Complete Randomized Design
(CRD) using statistical program SPSS (2018).
The results were compared using the t-teat test
to compare some of the characteristics and the
differences were statistically significant at the
level of (0.05), and each experiment was
repeated three times.

3. Results and Discussion

Figure (1) shows the average size of
carboxymethyl cellulose extracted from rice
shells, as the figure shows that the average
size of natural carboxymethyl cellulose
extracted from rice husks was 35.865.7 nm.

uzasurement fissuts:

35865.7 nm
0.340
0.0/ 95.10%

Effective Diameter:
Polydispersity:
Baseline Index:

500.0 50000.0
Diamater {nm)

Loanarmal Distribution
Figure (1) Size ratio using Size Analyzer for (a) chitosan
extracted from shrimp shells (b) and cellulose extracted from
rice shells

Figure (2) represents the infrared spectrum
of samples of cellulose extracted from rice
husks, nanocellulose, carboxymethyl
cellulose CMC, and carboxymethyl cellulose
nanocrystalline NCMC. Cellulose [10]. The
presence of a low-intensity band at (2900.41-
2921.63 cm™) for all samples is attributed to
the C-H bond [11]. Also, the low intensity
between 1500-1700 cm™ in cellulose indicates
the efficiency of the extraction process and the
purity of the extracted cellulose, and the
absence  of amorphous lignin  and
hemicellulose compounds, which supports the
results of XRD in high crystallinity of pure
cellulose [12,13]. Infrared spectroscopy
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examination of carboxymethyl cellulose and
carboxymethyl cellulose nanoparticles shows
the appearance of two bands at the frequency
1599.66 and 1645.95 cm™, respectively,
which indicate C=0 substituted
carboxymethyl cellulose group, whose
intensity was greater in NCMC than CMC,
that supports the results of the degree of
substitution for the mentioned samples which
were 0.573 and 0.663, respectively [14].
Whereas the results of the same Figure
showed the presence of bands between
1419.35 and 1427.07 cm™, and 1326.82 and
1370.18 cm™, which indicates the stretching
vibration of the CH> and C-O-H, respectively,
that indicates the loss of crystallization during
the synthesis of carboxymethylation, which
leads to a decrease in the band for the O-H at
the frequency 3362.28-3428.8 cm™ (Rashid
and Dutta, 2022). The stretching vibration of
the C-O-C bond in the pyranose ring in the
cellulose of the samples under study, appeared
at the frequency 1059.69-1119.48 cm™ [15],
and the stretching vibration of the $-1.4 bond
appeared at the frequency 895.212-898.666
cm [16].

Transmittance (%)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. (2) FTIR spectrum of natural cellulose (C), nano-cellulose
(NC), natural carboxymethyl cellulose(CMC) and nano
carboxymethyl cellulose (NCMC)

Figure (3) shows the XRD of cellulose (C),
nano-cellulose (NC), carboxymethyl cellulose
(CMC), and carboxymethyl cellulose
(NCMC), it is noticed that there are three
distinct peaks at the diffraction angles (20)
16.18°, 22.63° and 34.03° for cellulose, and
16.23°, 22.41°, and 34.76° for nanocellulose.
Also it observed that the crystallization
disappeared for both CMC and NCMC and
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their transformation into the amorphous form
due to cleavage of the hydrogen bonds of the
-OH group and its replacement by the
carboxymethyl group (-(CH2-COOH)). As
well as the breaking of hydrogen bonds when
preparing CMC from cellulose in the basic
environment (NaOH), which in turn leads to
the disappearance of crystallization [17].
There were three peaks of cellulose at the
diffraction angles (20) 16.4°, 22.3°, and 34.4°
and the presence of the main peak of high
density at the diffraction angle of 22.3°
indicates the crystalline form of cellulose and
the decrease in the degree of crystallization
increases with the increase in the degree of
substitution [18].
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Fig. (3) XRD for cellulose (C), nanocellulose (NC),
carboxymethyl cellulose (CMC), and carboxymethyl cellulose
(NCMC)

Wil st

4. Conclusion

Cellulose (C) was
agricultural residues of
prepared nano-cellulose (NC),
Carboxymethyl  cellulose (CMC), and
Carboxymethyl  cellulose  nanoparticles
(NCMC). Results showed that no apparent
differences in chemical composition between
polymers and nanopolymers in addition to an
increase in the crystallization index of
cellulose nanoparticles the crystallization loss
of Carboxymethyl cellulose and
Carboxymethyl  cellulose  nanoparticles
caused the replacement of the bonds in the
hydroxyl group with a Carboxymethyl group
(CH2-COOH). The results show a decrease in
the physical properties such as viscosity,
water-binding capacity and fat-binding
capacity for Carboxymethyl cellulose
nanoparticles compared to natural polymers.

extracted from
rice husks and
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