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ABSTRACT

The characteristics of several types of materials, such as ceramics, polymers, and composites, are discussed in
this study. Materials that are inorganic and non-metallic can be categorised as ceramics. This expansive term
encompasses a vast variety of substances that go much beyond the conventional ideas of ceramics and glasses.
These materials include: Ceramics have a wide variety of applications, including those in the fields of structural
engineering, electronics, thermal engineering, optical engineering, nuclear engineering, biomedicine, and
chemical processing. In point of fact, some families of ceramics have desired optical, electrical, and magnetic
characteristics that may be customised to specifications based on unique atomic bonding and crystal structures.
These features can be used in a wide variety of applications. Polymerization is the name given to the process
by which mer units are chemically reacted together in order to create larger molecules, which results in the
production of polymers. The process of polymerization produces polymer chains of varying lengths throughout
the substance of any and all polymers. There are polymerization methods that involve extremely

INTRODUCTION

Stone, wood, clay, skins, and other natural materials were the only ones that the first people had access to. The
amount of materials that were available to them was quite restricted. Over the course of time, they were able to
develop methods for the production of materials that had qualities that were superior to those of the natural
materials; some examples of these newly developed materials include pottery and different metals. Additionally,
it was found that the qualities of a material may be changed by subjecting it to heat treatments and by adding
additional components. At this stage, the usage of materials consisted solely of the selection process, which
entailed choosing, from a predetermined and relatively constrained pool of materials, the one that was most
suitable for an application on the basis of the features that it possessed. Scientists have only in relatively recent
times come to comprehend the links between the structural features of materials and the qualities of those
materials. Because of this expertise, which they have gained over the course of about the last hundred years,
they are now able to fashion, to a considerable extent, the features of the materials. Metals, plastics, glasses,
and fibres are only few examples of the tens of thousands of various materials that have developed over time
with fairly specific properties to fulfil the requirements of our contemporary and complicated civilization. The
availability of appropriate raw materials has been an integral factor in the creation of a wide variety of
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technologies that have contributed to the improvement of our quality of life. An improvement in one's
understanding of a certain category of material is frequently the precursor to the methodical development of a
particular technology. For instance, the development of vehicles would not have been conceivable if low-cost
steel or any other material that was functionally equivalent had not been readily available. Semiconducting
materials are the building blocks for many of the components used in today's complex electronic gadgets. These
materials are referred to as semiconductors.

MATERIALS SCIENCE AND ENGINEERING

There are instances when it is helpful to break the field of materials science and engineering down into its
component subfields, which are materials science and materials engineering, respectively. To use a more precise
definition, materials science is the study of the connections that may be made between the structures and
characteristics of various types of materials (i.e., why materials have their properties). In contrast, materials
engineering entails, on the basis of these structure—property correlations, creating or engineering the structure
of a material in order to create a specific set of qualities. This process is known as "structural engineering.” In
a functional sense, the job of a materials scientist is to invent or produce new materials, whereas the
responsibility of a materials engineer is to design new products or systems that make use of current materials
and/or to devise new methods for processing materials. The majority of students who complete degree
programmes in materials are educated to work in either the scientific or engineering fields related to materials.
At this stage, structure is a vague concept that requires some elaboration from the speaker. In a nutshell, the
structure of a material refers, more often than not, to the configuration of its constituent parts on the inside. It
is possible to categorise structural parts according to their size, and there are numerous levels to choose from in
this regard:

The subatomic structure is comprised of the electrons that are found within the atoms themselves, together with
their energies and the interactions that they have with the nuclei.

Atomic structure refers to the manner in which atoms are arranged in order to produce molecules or crystals.

Nanostructure is concerned with aggregations of atoms that result in the formation of particles (nanoparticles)
with dimensions on the nanoscale (less that about 100 nm).

Microstructure, which refers to the structural components that may be directly observed with the use of a
microscope of some kind (structural features having dimensions between 100 nm and several millimeters).

Macrostructure, which refers to the structural components that are visible to the naked eye (with scale range
between several millimetres and on the order of a meter).

Investigating the atomic structure, nanostructure, and microstructure of materials may be done through the use
of microscopic methods, which are covered in Section 4.10. It would be beneficial to elaborate on the concept
of property. Whenever a material is put into service usage, it is subjected to a variety of environmental stimuli
that might cause a variety of reactions. For instance, a specimen that has been exposed to stresses will suffer
deformation, and the surface of a metal that has been polished will reflect light. A material attribute is referred
to as a property when discussed in terms of the type and degree of reaction to a particular applied stimulus. In
general, the definitions of attributes are constructed to be independent of the form and size of the material. There
are six basic types of characteristics that may be used to classify solid materials: mechanical, electrical, thermal,
magnetic, optical, and deteriorative qualities. Virtually all significant properties of solid materials can be placed
into one of these six categories. There is a certain kind of stimulus that is capable of eliciting a variety of
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reactions that corresponds to each. These are summarised in the following:

Mechanical qualities are those that link deformation to an applied load or force; some examples of these
properties include elastic modulus (also known as stiffness), strength, and resistance to fracture.

Electrical characteristics—the stimulus is an applied electric field; typical electrical qualities include electrical
conductivity and dielectric constant. The stimulus is an applied electric field.

Thermal properties—which are connected to changes in temperature or temperature gradients across a
material—include thermal expansion and heat capacity as examples of thermal behaviour. Thermal properties
are related to changes in temperature or temperature gradients across a material.

Magnetic properties are the responses of a material when a magnetic field is applied to it. Common magnetic
qualities include magnetization and magnetic susceptibility.

Optical characteristics—the electromagnetic or light radiation acts as the stimulus; the index of refraction and
the reflectivity are two examples of typical optical qualities.

Experimental
Material

LabSynth was used to get spectroscopic-grade methanol, acetyl acetone, and ammonium acetate, all of which
were utilised without having undergone any prior processing. In the DRS trials, barium sulphate (brand name:
Vetec) served as the reference. Commercial P25 TiO2 was kindly provided by Ph.D. Christian Sattler of the
Institute of Technical Thermodynamics, Solar Research, DLR in Koln, Germany. The composite TiO2 P25/Zinc
Phthalocyanine (P25/ZnPc) was prepared in our laboratory by dissolving ZnPc in dimethyl sulfoxide,
impregnating the TiO2 surface, and then removing the solvent afterwards. In all of the investigations, ultrapure
water with a Milli-Q degree purity level was used.

In zeta potential measurements, an assessment of the zero point charge (ZPC) of P25 and composite was carried
out in a dispersion solution utilising a Zetasizer Nano ZS90 (Malvern Instruments). An ultrasonic probe was
used to mix the aqueous solutions that were 50 millilitres in volume and contained either P25 or P25/ZnPc at a
concentration of 100.0 milligrammes per litre for one minute. The pH of the samples was adjusted with solutions
of 0.01 mol/L HCI and NaOH before the estimate of the change in particle zeta potential was carried out. The
pH range covered was from 4 to 10. Transmission electron microscopy was used to determine the coating
thickness of the ZnPc layer, as well as the homogeneity and aggregation of the TiO2 composite surface (TEM).
The Philips CM-120 was used for the investigations that were conducted using the TEM. Crushing the resultant
powder in an agate mortar was the first step in the preparation of the samples for TEM investigation. After the
suspension of the composite had been placed onto a copper grid with a mesh size of 300, it was subjected to an
ultrasonic bath in order to disperse the composite's suspension. Analyses utilising scanning electron microscopy
(SEM) were carried out with the assistance of a Philips XL-30 microscope that was connected to a field emission
gun and an EDX analytical equipment. The morphological characteristics of particles and macro-aggregate
composites are going to be uncovered by these examinations. In order to provide an estimate of the distribution
of ZnPc on the P25 surface, the energy-dispersive X-ray (EDX) microanalysis was utilised. After adhering the
samples to a conductive carbon substrate, they were then metallized with gold. This process was repeated many
times. Each of the characterizations was carried out for both of the catalysts.
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Oxidation of Methanol Produced by Photocatalysis

The samples that included the TiO2 suspensions at a concentration of 100.0 mg/L were produced in an aqueous
solution of methanol that contained 4.0 x 10-4 mol/L. Two different irradiation techniques were utilised in order
to explore the effect that light excitation had on semiconductor samples. As the light source for the very first
irradiation system, which was referred to simply as system A, a Xe lamp was used. In this particular set-up, the
light coming from the Xe lamp was focused into a monochromator, which was then utilised to choose the ideal
excitation wavelength. The usage of a portable Ocean Optics spectrophotometer was required in order to achieve
the necessary excitation wavelength setting. The peak of the excitation wavelength for TiO2 samples was
determined to be 375.0 nm. Following its passage through the monochromator, the light was concentrated within
the cylindrical quartz flux reactor that held the sample. A radiometric assay was used in conjunction with a
power metre located in close proximity to the reactor surface in order to detect the incident photonic flux. In
the studies that used broad-band visible light, the monochromator was substituted by a band pass filter (model
number Newport-M3M7790) in order to reduce the amount of ultraviolet radiation that was produced by the Xe
lamp. The radiation source for the second irradiation system, which was designated as B, was a 400-watt high-
pressure mercury-vapour lamp manufactured by Osram that did not have a protective bulb. A borosilicate glass
reactor was linked to this light during its operation. The approach that was followed in reference was followed
in order to measure the photonic flux of the HPLN lamp (Machado et al., 2008). Before beginning the
photocatalytic tests, the pH of the suspensions was brought up to 3.0 using an adjustment.

Photocatalysis Generated by the Sun

Experiments that were mediated by sun radiation were carried out at the Brazilian city of Catalo, which is
located in the state of Goias. The average UVA irradiance in this city reaches its highest fluence somewhere in
the neighbourhood of 50 W/m2 during the month of August. A photoreactor of the CPC type was utilised
throughout the studies (Machado et al., 2008). During the course of the reaction, there was an accumulation of
approximately 5000.0 KJ of visible radiation and 700.0 KJ of UVA radiation.

TiO2 suspensions with a concentration of 100.0 mg/L were also made using methanol and water with a pH of
3.0. At a rate of 660.0 L/h, a continuous pumping action was used to move the circulation of this suspension
over the glass tube that formed part of the reactor.
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Figure 1. The open and solid circles are related to the gas adsorption and desorption on P25, respectively,
whileopen and solid train gle stands for the gas adsorption and desorption on P25/ZnPc composite

Zeta Potential-Estimation of the Isoelectric Point

The combination of ZnPc and P25 results in the production of a new substance, which, in contrast to the raw
materials, possesses surface properties that are distinct from those of the original components. Alterations in
the charge distribution throughout the particle can be used to infer information about these features as well as
the domain of the TiO2/ZnPc interface. In order to accomplish this goal, an investigation into the electrophoretic
mobility of these particles at varying pHs was carried out with the intention of estimating changes in the value
of the isoelectric point (IEP) following coating with P25. The electrodynamic behaviour of TiO2 P25 and its
composite at a variety of pHs is depicted in Figure 3. The P25 IEP was predicted to have a pH of 7.3, which is
approximately one unit of pH higher than the figure that Hoffmann and his co-workers reported (Hoffmann et
al., 1995). IEP occurs at a pH of 5.5 for the composite material, according to our findings. This indicates that
the presence of ZnPc affects the charge distribution over the surface of the catalyst, which ultimately results in
the production of a more electropositive surface.

Several various fluences were used in this study to look at the effectiveness of hydroxyl radical production. It
is essential to point out that fluence can be considered to be the primary variable in order to analyse the
performance of a photocatalyst. This is because this parameter is able to supply the density of photons that are
used in the process, so it can be considered to be the most important variable. Figure 6 illustrates the ability of
the photocatalysts that have been the subject of this investigation to perform, in solution, the oxidation of
methanol when the photocatalysts were evaluated with regard to the utilisation of various sources of light energy
and when the conditions of heterogeneous photocatalysis (HP) were kept constant. We can observe that the
production of radicals grows in a roughly linear fashion with increasing fluence (F) of the incident light for each
and every radiation source that was utilised.

Copyright@ijesrr.org Page 14


http://www.ijesrr.org/
mailto:editor@ijesrr.org

International Journal of Education and Science Research Revie

Volume-10, Issue-1 Jan-Feb-2023 E-ISSN 2348-6457 P-ISSN 2349-1817
WWwWw.ijesrr.org Email- editor@ijesrr.org
200
6001 (a) U (b) . (3
st ; 150 s
u " : c@ w
g:. 300 4 X = E o
B . g g RSP
100 i ! of 7
0
0 20 4 6 80 100 120 0 5 10 5 2 )
Fluence (mJ mi”) Fluence (mJ mi’)
15
254(c) ) (d) o
| I
2.0 X
i 1.0 i ®
o 15+ I TR 5 { I
i I I
510 A ! 5 05 I
= i N = | I
0.5- I i . I
001
0.0+
00 3 o0 oo ot Y 05 10 15 20 25 30 35
Fluence (mJ m*) Fluence (mJ mi’)

Figure 2. Estimate hydroxyl radical formation for P25 and P25/ZnPc using different light sources. HPLN:
P25 and P25/ZnPc; Solar light: P25 and P25/ZnPc; 375 nm radiation: P25 and P25/ZnPc; Visible radiation:
P25 and P25/ZnPc.

We may compare the composite's hydroxyl radical production efficiency to that of P25-TiO2 by comparing
the electron transfer between the adsorbed dye and TiO2. The excited ZnPc will release electrons based on
its electronic absorption, resulting in differential transfer rates based on the incoming energy or wavelengths.

Table 2. Correlation between the different luminous sources and generation of hydroxyl radical

Solar 375.0 nm HPLN Visible
@ OH"™- P25 14.0+ 0.3 25.5+0.3 25+0.2 0.50 + 0.05
@ OH"- P25/ZnPc 4.0+0.2 15+0.1 45+0.2 0.18 + 0.03

The photocatalyst's zero-order Kinetic constants are given as a ratio of milliampere-seconds to megajoules.

In spite of these results, we have noticed a photocatalytic activity for this composite that is higher than that
which was measured for the action of TiO2-P25, in the mineralization and degradation of a variety of organic
substrates (Machado et al., 2008). One example is the mineralization of Ponceau 4R (also known as acid red
18): despite the fact that the estimated HO value for the composite is three times lower than the value verified
for pure TiO2-P25, the photocatalytic activity of the composite was almost three times higher in the
mineralization of such a compound than the value verified with the use of TiO2 P25 (Oliveira et al., 2012).
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This phenomenon should be explained by photoelectrons that are introduced into the TiO2 conduction band
by ZnPcagg excitons. These photoelectrons ought to amplify the importance of processes mediated by
electron-rich reactive species generated from the TiO2 conduction band. These electron-rich reactive species
begin to compete with hydroxyl radicals in reactions that can lead to mineralization of the substrate. These
reactions can be brought about by mineralization of the substrate.

Still, on the topic of the generation of oxidising radicals in the various experiments of heterogeneous
photocatalysis carried out in this study, the comparison of performances between ZnPc/TiO2 and the pure
TiO2 P25 suggests that the processes of de-excitation of ZnPc aggregates occur sharply. This is suggested by
the fact that the production rates (HO¢) were lowered in almost all experiments, particularly when solar and
UV radiation were utilised in the excitation. If one were to use this strategy, one would expect the de-excitation
to significantly compete with the total radical production efficiency. When simply the contribution of the
fraction of the visible spectrum is analysed, it is obvious that the fraction's contribution has a low relevance
in the formation of hydroxyl radicals in contrast to the contribution of other sources. On the other hand, if you
use a typeface that emits large amounts of visible radiation and mix that with an HPLN lamp that emits only
a trace quantity of ultraviolet light, you will find that this property is inverted (see Table 2). This discovery
explains why the efficiency of the composite when lit by solar radiation is higher than when the composite is
illuminated just by UV or only by visible radiation. Specifically, this finding explains why the efficiency of
the composite is higher. The radiation profile that is presented by both HPLN and solar light is constituted
primarily of visible light, with just trace levels of near-ultraviolet light present.

Conclusion

The formation of a photoactive substance is brought about by the combination of zinc phthalocyanine with
TiO2 P25. This novel substance exhibited an optical absorption that appeared to be distinct from the total
optical absorption exhibited by the materials when they were considered individually. The formation of
structures that are probably neatly arranged in the form of stacked J-type aggregate is associated with the
association of zinc phthalocyanine material. This was measured by electron microscopy transmission images
and corroborated by the observed bathochromic displacement associated to the Q band of ZnPc. Because of
the establishment of two different kinds of established interfaces in this brand-new material, the surface has
been endowed with novel characteristics. In the first type of contact, an advantageous electron transfer takes
place between the excited zinc phthalocyanine and the conduction band of the TiO2 crystal. At the second
type of interface, the distribution of electrical charges at pH 3, as shown by the measurement of the isoelectric
point at the surface of the material, favours the degradation of anionic compounds. This may be seen by
looking at the surface of the material. The composite exhibited a significant degree of heterogeneity in its
composition, as was made clear by microscopic measurements. These measurements revealed three distinct
types of regions within the material: one region was composed of clusters of TiO2-P25, another region was
composed of clusters of ZnPc and P25, and the third region exhibited ZnPc, which was anticipated to be
composed of TiO2 P25 particles that were encapsulated by layers of zinc phthalocyanine. As a direct result of
the formation of phthalocyanine aggregate domains and their connections with the surface of the oxide, the
specific surface area of the composite material decreased by 20%.
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