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ABSTRACT

Bio-based polymer has been extensively used as a plastic alternative for its ability of biodegradability.
Currently, there is considerable interest in the self-cleaning and antimicrobial property of TiO: for
applications in the food industry. In this research, TiOz nanoparticles (TiO2 NPs) were formulated using the
sol-gel method. The synthesis of TiO2 NPs was carried out in varying pH condition which are in 1.5, 7 and
11. The optimize synthesized TiO2 NPs powder was dispersed with bio-based polymer which is PLA to
prepare self-cleaning bio-based polymer. 5 mL Titanium isopropoxide (TTIP) as a precursor, 15 mL of
isopropanol act as a solvent, either ammonium hydroxide or hydrochloric acid with 250 mL of distilled water
and 2% of honey as stabilizing and reducing agent were used to synthesized TiO2 NPs. Then the suitable
TiO2 NPs were used to fabricate self-cleaning bio-based polymer. Characterization of the synthesized
nanoparticles (NPs) with different pH condition and calcined temperature were investigated using Powder
X-ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) was used to identify the
presence of honey in TiO2 NPs powder samples. From the XRD results, it proved that honey has been
successfully reduced the crystallite size of the TiO2 NPs and the optimal synthesized TiO2 NPs was from
an acidic condition with the calcined temperature of 400°C. The size of obtaining TiO2 NPs is calculated
using Scherrer formula. The crystallite size of the fine pure anatase phase is 11.84 nm. Thus, the purpose of
this research was achieved with the hydrophobic property, the bio-composite with the highest, the smaller
TiO2 NPs content in PLA will also exhibit self-cleaning ability which makes it suitable for the usage of
hydrophobic food packaging material.
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1. Introduction

The biodegradable packaging market is expected to be valued at USD 935.9 billion in 2021 and
will reach a value of USD 126.8 billion by 2026, at a CAGR of 5.3% over the forecast period (2021 to
2026) [1]. Moreover, biodegradable packaging solutions have a low environmental impact, increasing
attention to recyclability and sustainability. The government's emphasis on effective package
management, plastic restrictions, and growing consumer consciousness are expanding their
applicability to packaging. Packaging waste, particularly waste from non-biodegradable polymers, is
a major component of municipal solid waste and is of growing concern for the environment [2].
Discarded packaging presents a huge challenge to waste management as it appears to be a very visible
source of waste. The petroleum-based polymer which is known as polyethylene (PE) is the most
extensively utilized in packaging applications [3,4]. Other petroleum-based polymers or PE are
exceedingly difficult to biodegrade after disposal on land or offshore, resulting in different
contamination level.

Although bio-based polymers are environmentally friendly and most attractive packaging
materials, there industrial applications are limited because of some factors such as their oxygen/water
vapor barriers, thermal resistance and other mechanical properties related with costs [5]. Due to these
limitations, synthetic polymers are the most widely used materials for packaging. To address these
limitations and encourage the industrial applications of bio-based polymers for packaging materials,
there is the need for further research to effectively enhance their shelf-life, quality, nutritional values
and microbial resistance [6]. Additionally, the barrier properties need to be enhanced. Several
methods of enhancing the properties and performance of antimicrobial packaging materials such as
polymeric blending, chemical and physical modifications, nanocomposites, have demonstrated
promising potential for various applications [5,6].

Both functional and technical limitations have also been barriers to the development and
applications of antimicrobial packaging materials in the food industry. Some of these limitations are
include vapor and air barriers, the low process ability of bio-based plastics, the stability of
antimicrobial agents under processing conditions, toxicity as well as the changes in mechanical
properties of the packaging materials. However, to maintain food freshness and quality, it is
necessary to choose the correct materials and packaging technologies. On the other hand, the bio-
based film’s biggest flaws are high permeability to water vapor transfer and the ease of spoilage by
bacteria and fungi [5,6,7,8]. The circular economy has to be reached in every corner of life, and, at the
same time, we must be able to combat bacterial resistance to antibiotics.

In a general scenario, water droplets generate a thin layer on the surface of a hydrophilic surface
during the self-cleaning process, and this uniform spreading allows for faster drying and greater
surface visibility. To put it another way, it keeps the surfaces from fogging up. On the other hand, on
hydrophobic surfaces, the droplets roll over the surface, carrying the dirt away [9]. Titanium dioxide
is one of the most often utilized materials for photocatalytic with self-cleaning surfaces. This oxide is
a chemically inert and non-toxic semiconductor with long availability, durability, and relatively low
cost [9,10]. Metal oxide nanoparticles synthesis processes may be classified into two categories which
are through physical technique such as sputtering, ball milling, electron beam evaporation, electro-
spraying, and laser ablation or by chemical technique include the chemical vapor deposition, polyol
method, sol - gel process, hydrothermal method, micro-emulsion technique, and co-precipitation
method [11].

The physical method provides a top-to-bottom approach. In other words, it starts with the bulk
counterpart of the material, which is systematically depleted for the formation of synthetic tiny
nanoparticles, while the chemical technique is mostly bottom-up [12]. A group of atoms or molecules
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that together generate a dispersion of nanoparticles of various sizes. Chemical approaches have the
benefit of allowing the production of particles with precise dimension, size, structure, and
composition which might be beneficial in a variety of applications like sensing, electrical devices, and
catalysis [11,13]. Furthermore, synthesis using some chemical techniques, notably the sol-gel
technique, needs lower processing less energy and temperatures, making this approach more cost
effective than physical approaches [14]. The characteristics of nanoparticles (NPs) are directly
influenced by their size and shape. A framework that enables for more control over the size and shape
of the NPs is ideally suited for a wide range of application. Several studies have indicated that the
sol-gel technique is one of the most promising approaches for manipulating the size and shape of
nanoparticles [15].

This research focused on the type of phase and size of the crystallite, which appears to be the
most promising domain from a sustainability stance. TiO2 nanoparticles (TiO2 NPs) with bio-based
plastic is an outstanding combination to formulate a unique 'lotus-effect' characteristics to improve
its application. 'Lotus-effect' is recognized as the ability to self-clean due to the hydrophobic
properties [16]. This implies that the surfaces will repel contaminants such as organic liquids, solid
particles, and biological contaminants with a hint of water drop [17]. As well as that, bio-based
polymers are outstanding candidates to be modified or combined with an antimicrobial substance to
obtain antimicrobial systems with application in several fields and in good alignment with the
circular economy. Thus, in this research, a bio-based plastic with self-cleaning properties has been
fabricated by synthesized TiO2 NPs powder which having a superhydrophobic and antimicrobial
characteristics.

2. Materials and Methods

All of the chemicals used were analytical grade and were acquired from Sigma-Aldrich. They
were used as obtained without any additional purification. The chemicals used in the research are
Ttitanium tetraisopropoxide (TTIP), Dichloromethane (DCM), Isopropanol, commonly known as
Isopropyl alcohol, Hydrochloric acid (HCI), Ammonia (NHs) and Hexadecyltrimethylammonium
bromide (CTAB). Apart from this, materials such as polylactic acid (PLA) was also purchased from
Sigma-Aldrich while honey (capilona) was obtained from the convenience store (99-Speedmart Sdn.
Bhd, Malaysia). Dionized water was utilized in the preparation of all aqueous solutions. The list of
chemicals applied in this research, along with their characteristics, are illustrated in Table 1.

Table 1. List of the chemicals that have been acquired, along with their properties.

Chemicals  Purchase Properties
Chemical Molecular  Boiling Melting  Appearance
Formula Weight Point (°C) Point (°C)
(gmol)
TTIP Sigma- Ti[OCH(CHz):2]4 284.22 232 17 Pale-yellow
Aldrich (M) liquid
Sdn Bhd,
Malaysia
DCM Sigma- CH:CL 84.93 39.75 -97 Colourless
Aldrich (M) liquid
Sdn Bhd,
Malaysia
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Isopropan Sigma- CsHsO 60.09 82.6 -89 Colourless
ol Aldrich (M) liquid
Sdn Bhd,
Malaysia
HCI Sigma- HCl 36.46 57 -35 Colourless
Aldrich (M) liquid
Sdn Bhd,
Malaysia
NHs Sigma- NHs 17.03 60 -78 Colourless
Aldrich (M) liquid
Sdn Bhd,
Malaysia
CTAB Sigma- CivHa2BrN 364.448 235 218to 247  Crystalline
Aldrich (M) white
Sdn Bhd, powder
Malaysia
PLA Sigma- (CsH4O2)n 60,000 - 175t0 220 Amorphous
Aldrich (M) white resins
Sdn Bhd,
Malaysia
Honey 99- CsH1206 180.16 85 40 to 50 Dark
Speedmart golden
Sdn. Bhd, viscous
Malaysia liquid

2.1. Synthesis of TiO2 NPs

A 250 mL solution of dionized water was measured and poured into four different beakers.
Then, the pH condition for each of the solution was adjusted until it reaches 1.5 using 36% weight of
HCI as the hydrolysis catalyst. Then, honey was measured 2% of distilled water volume and it was
mixed well together in each of the beaker with the pH 1.5. Meanwhile, in four sets of 500 mL beaker,
15 mL of isopropanol was poured, respectively. About 5.0 mL of (TTIP) was added slowly using
micro-pipette into each of the beaker where consequently the colourless solution turned into a
yellowish-white solution.

The mixtures were allowed to heat in a hot plate until it reaches 70°C while stirred vigorously at
510 rpm and yellowish gel were formed. The prepared 250 mL solutions were poured gently into the
mixtures, respectively. The mixing was occurred meanwhile it have been stirred vigorously at 510
rpm where the yellowish gel instantly turned into a cloudy solution. The mixing was continued for
16 hours with the vigorous stirring at 510 rpm and the temperature was maintained at 70°C. At this
point, peptization process took place. The volume of the solutions was reduced to 50 mL from each
of the beaker after the peptization process, and a suspension were started to form at this stage,
Subsequently, the resulting suspension formed was dark orange with high viscosity, depending on
the preparation conditions.

Later, the dark orange precipitates were then washed three time with ethanol using centrifuge.
Then, it was allowed to be dried in vacuum oven for 3 hours at 100°C in order to remove moisture
content. A brownish-yellow powders are obtained. Finally, the obtained four respective powders
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were heated for 2 hours at the temperatures of 200°C, 400°C, 600°C and 800°C to eliminate the
remaining impurities. Above procedure were repeated by adjusting the pH value to 7 and 11 using
ammonia solution. Then, the procedure was repeated without adding honey into the solution with
pH value of 7. The obtained samples of TiO2 NPs were characterized with X-ray diffraction (XRD)
using XRD-Empyrean (PAN anaytical, United Kingdom). Analysis pattern of XRD was adjusted at
20 angle from 5°C to 90°C. The diameters of the crystallite were calculated using Scherrer's formula
with the XRD analysis, as written in equation 1.

kA
d = BcosO
Where,
d = Diameters of the crystallites
= Full-width at half-maximum of the diffraction peaks
k = Shape factor which is 0.9 for spherical particles

1)

A =X-ray wavelength (nm)
0 = Diffraction angle

Besides, Fourier Transform Infrared (FTIR) Spectrometer Frontier version 10.5.2 were used to
characterize the chemical structure and identify the presences of functional group of honey in the
obtained TiO2 NPs.

2.2. Fabrication of self-cleaning bio-based plastic using casting method.

During bio-based plastic preparation four different weight ratio of TiO2 NPs were selected to be
dispersed into PLA which are 0.1, 0.5, 1.0 and 5.0 wt%. Approximately, 5.0 g of PLA was weighed
and added into 25 mL of DCM. This mixture is mixed vigorously at 900 rpm until the PLA was
completely dissolve. 0.1 wt% of selected TiO2 NPs powder was mixed with CTAB at the ratio of 1:1
together with 25 mL of DCM. Then this solution is allowed to undergo dispersion in ultrasonics
machine for about 20 minutes. The mixture later added into 25 mL of dissolved PLA with a vigorous
stir at 700 rpm for 20 minutes. The well mixed solution then poured into a petri dish, and it was left
inside the fume hood to dry for 2 days. The procedure was repeated by replacing 0.1 to 0.5, 1.0 and
5.0 wt% of TiO2 NPs powder.

3. Results and Discussion

3.1. Synthesis of TiO2 NPs powder

The synthesis of TiO2 NPs powder was successfully formulated using sol-gel method. The sol-
gel method is a wet-chemical technique used mostly in ceramic engineering and materials science. It
is described as the transformation of a precursor solution into an inorganic solid by water-induced
polymerization processes. Hydrolysis produces a sol, which is essentially a liquid dispersion of
colloidal particles, and condensation produces a gel. The sol-gel technique is extremely promising for
the synthesis and synthesis of inorganic and organic-inorganic hybrid nanomaterials since it occurs
in a relatively low temperature (below 100°C) and the molecular level composition uniformity.
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Figure 1. Mechanism of TiO2 NPs using sol-gel method.

The sol-gel technique generates fine, uniformly sized spherical powders and this has been widely
used to synthesized TiO: materials. Metal oxides and metal chlorides are prominent precursors. An
M-O-R bond, in which Ois oxygen, M is the metal, and R is an alkyl group, forms up a metal alkoxide.
Because of the polarization that occurs in the M-O bond, it is susceptible to nucleophilic attacks. The
alcoholic OH? group nucleophilically adds to the titanium cations as shown in Figure 1 in step 2.
However, step 3 involves a non-transition state transfer between the negatively charged OR group
and the positively charged CsHs group. Besides, separation of the positively charged OR ligand takes
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place in step 4. The OR group is replaced by an OH group as a result of these reactions, resulting in
titanium hydroxides that are subjected to condensation. Condensation is the process by which metal
hydroxide groups interact to form a hydrated metal-oxide network, which subsequently produces
small nuclei. To synthesize both polymeric and particulate titanium sols, the chemistry, hydrolysis,
and polycondensation processes are highly convenient. Polycondensation is the process through
which monomers become oligomers and then polymers. Complex random branching may develop if
the number of alkoxide groups is larger than 2, eventually leading to fractal formations. Metal
alkoxides employed in the sol-gel method are typically extremely reactive, necessitating the use of
modifiers or the inclusion of chelating ligands such as carboxylic acids, (3-diketones, or other complex
ligands to control the reactivity and obtain sols and gels with desirable characteristics. These
modifiers react with alkoxides to produce novel molecular precursors that may be utilized in sol-gel
processing to improve hydrolysis-condensation control processes. This novel precursor limit
reactivity and functionality, inhibit condensation, and result in the formation of smaller species. The
quantity of M-O-R bonds accessible for hydrolysis is reduced by modifiers and decreasing hydrolytic
susceptibility. Because 3-diketones are employed as surface capping reagents and polymerization
locks, they reduce nuclearity, resulting in small particles. Hydrochloric acid and other carboxylate
ligands are primarily used as bridge chelating ligands. The sol-gel approach has a number of
strengths, which includes the usage of low temperatures during the preparation, simple and efficient
control of size of particles, shape, and characteristics, improved homogeneity from raw resources,
improved purity from precursor materials, the ability to design the material structure and properties
through proper precursor selection. The fundamental objective of this research was to enhance the
homogeneity and crystallinity of TiO2 NPs as a function of reflux time. The powder crystallinity was
investigated using the findings of XRD analysis and the presence of honey was identified using FTIR
analysis.

3.2. X-Ray Powder Diffraction (XRD) Analysis

Diffraction patterns and crystallite size of synthetized TiO2 NPs powder were studied using XRD.
Figure 2 below shows the XRD patterns for the synthesized TiO: NPs after calcined with varies in
calcination temperature.
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Figure 2. XRD patterns for varies pH conditions annealed at different temperature:
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synthesized TiO2 NPs at 200°C in acidic medium with honey, (b) Pure synthesized TiO2 NPs at 400°C
in acidic medium with honey, (c) Pure synthesized TiO:2 NPs at 600°C in acidic medium with honey,
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(d) Pure synthesized TiO2 NPs at 800°C in acidic medium with honey, (e) Pure synthesized TiO2 NPs
at 200°C in neutral medium with and without honey, (f) Pure synthesized TiO: NPs at 400°C in
neutral medium with and without honey, (g) Pure synthesized TiO2 NPs at 600°C in neutral medium
with and without honey, (h) Pure synthesized TiO2 NPs at 800°C in neutral medium with and without
honey (A: Anatase, R: Rutile), (i) Pure synthesized TiO2 NPs at 200°C in alkali medium with honey,
(j) Pure synthesized TiO2 NPs at 400°C in alkali medium with honey, (k) Pure synthesized TiO2 NPs
at 600°C in alkali medium with honey, and (1) Pure synthesized TiO2 NPs at 800°C in alkali medium
with honey (A: Anatase and R: Rutile).

The crystal structure and phase composition of the synthesized powder samples were
investigated using XRD. XRD of TiO2 NPs synthesized at various calcined temperatures are shown
in Figure 2, along with the associated indices of the various diffraction planes, which R and A denote
rutile and anatase respectively. Structure of anatase and rutile were found in the NPs. In pH 1.5 and
7 condition, the anatase phase was visible in the particles synthesized at 200°C, while the anatase and
rutile phases were visible in the particles when the powder calcined at 600°C, and the rutile phase
was visible in the particles annealed at 600°C as shown in Figure 2(c). Crystallite development and
enhanced crystalline character of the samples are shown by a rise in diffraction intensity as the
calcination temperature increases. The hydroxyl radicals (OH-) were adsorbed effectively into the
nanomaterials synthesized at greater temperatures and even with large grain sizes, results in an
increase in the magnitude of the diffraction peaks with increasing temperature. When the
temperature was increased over 400°C, the (1 1 0) plane became visible. At 600°C, the strongest peak
was found in the (1 1 0) plane of the stable rutile tetragonal phase. It has been observed that the
anatase phase of TiO2 NPs has higher stability. The rutile structural content of the particles calcined
until it reaches 400°C is believed to be 0% since there is no visible rutile phase as shown in Table 2.
Similarly, there is no anatase phase in the XRD patterns for particles calcined at 800°C, and the rutile
structure composition is considered to be 100%. The direct/indirect bandgap behaviour of these
phases is to responsible for the difference in activity between anatase and rutile. Indeed, anatase has
been demonstrated to behave as an indirect semiconductor, with selection criteria prohibiting
electron desexcitation from the conduction band to the valence band. As a result, anatase has a longer
electron-hole lifetime than rutile, which behaves as a direct semiconductor with a shorter carrier
lifetime.

3.2.1. Effect of pH Condition and Calcination Temperature

As shown in Figure 2(b) and (f), after calcining TiO2 NPs powder at 400°C for 2 hours at pH 1.5
and 7 a single-phase anatase structure was formed. It can be seen that in the condition pH 1.5 and 7
the crystal planesof (101),(004),(200),(211),(204), (220), and (2 1 5) correlate to the diffraction
peak at 25.4°, 38.1°, 48°, 54.2°, 63.2°, 69.5°, 75.5°, and 82.8° respectively, showing the development of
anatase phase of TiO2 NPs. The peaks of the plot correlate to the conclusions of the study report,
which has been attached in the appendix. The presence of TiO2 NPs was confirmed when the position
of the peaks was matched to published values. Meanwhile in pH 11, the formation of TiO2 NPs does
not appear until the calcination temperature increases above 200°C as shown in Figure 2(i), whereas
in acidic and neural conditions the peaks started to be appeared at 200°C. The partial charge model
can be used to describe this mechanism. According to this concept, titanium cation hydrolysis occurs
in conditions of high acidity. A stable species of [Ti(OH)(OHz2)s]** will form in this condition, however
due to the positive charge of the hydroxo group, this species will not condense. Deprotonation occurs
when the acidity is not low enough to stabilize these precursors, resulting in the formation of new
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species of [Ti(OH)2(OHz)s]*". Because of spontaneous intramolecular oxolation to [TiO(OH:)s]*, these
species do not condense. When solution activity is strong enough to allow further deprotonation to
[TiO(OH)(OHz)4]*, which can then undergo intermolecular deoxolation to [TiO(OH)s(OHz)s]*
depending on pH, condensation to anatase and rutile starts. Deoxolation does not occur at lower pH
levels, and oxolation causes cation linear growth in the equatorial plane. Because of the oxolation
between the resultant linear chains, rutile is formed. Meanwhile, when deoxolation happens at higher
pH levels, condensation can proceed in an apical direction, resulting in the skewed chain of anatase
structure. As a result of this research, it is believed that pH values influence the determination of the
resultant crystal structure. Higher acidity increases the production of anatase, whereas lower acidity
stimulates the formation of rutile. The prominent diffraction peaks corresponding to the (1 0 1) plane
are depicted in Figure 2. The calculated crystallite sizes were summarized in Table 2. From Table 2,
it can be observed that the particle size in all cases is less than 34.49 nm, and the smallest crystallite
was synthesized using this method is 8.93 in an acidic condition and calcined at 200 °C. The obtained
XRD results are in line studies on the synthesis of catalyst nanoparticles using the sol-gel and
solvothermal techniques. The occurrence of smaller crystallite size was ascribed to the wider
diffraction peaks matching to the solvothermal derived sample. Pure anatase phase was shown to be
more favourable when a acid condition was used. In most instances, greater calcination temperatures
resulted in rutile formation, which is more stable structure than anatase and brookite. However, the
obtained TiO2 NPs powder at 200°C in acidic condition will not be chosen even though the size of
TiO2 NPs has the smallest size. This is because, according to the obtained appearance of synthesized
NPs powder, it indicates that the powder still contained with the impurities since the powder is not
in white colour due to the incomplete calcined process. Moreover, the particle size grew larger as the
pH value increased. The powders were composed of small, soft agglomerates as summarized in Table
2. Particles get larger and clump together at higher pH levels. Several investigations have found that
the pH affects the diversity of TiO2 NPs surface charge. Because of the absorption of H* or OH- in
aqueous solution, TiO: in sols has an electrical charge. Chemisorption’s of TiO2 can be used to
estimate its surface charges.

Table 2. Synthesized TiO2 NPs sizes and phases under various temperature and pH conditions.

pH Temperature (°C) 200 400 600 800
Phase (nm)
15 Anatase 8.93 11.84 14.15 -
Rutile - - 19.00 34.49
7 Anatase 14.02 15.31 15.63 -
(With Honey)
Rutile - - 21.04 31.66
7 Anatase - 17.77 21.88 -
(Without Honey)
Rutile - - 23.04 31.66
11 Anatase - 24.54 29.62 -
Rutile - 12.34 20.6 25.16
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In Acidic Condition (H*);

TiO2 + nH* [=] TiO:Hw* for pH 1.5 2
In Alkaline Condition (OH);

TiO2 + nOH- TiO2(OH)a  for pH 11 )

The significant repulsive charge among particles in acidic and alkaline environments lowers the

probability of coalescence, allowing for the formation of more stable sols as shown in eq (2) and eq
(3) [18]. The isoelectricity of TiO2 NPs changes across pH ranges. According to this research, because
the sample synthesized at pH 1.5 is beyond the range of isoelectric point when the calcined
temperature increases, it forms less aggregates and larger TiO: particles. Lower pH promotes anatase
TiO2 NPs formation in the presence of rutile TiO2 NPs impurities. An enlarged anatase (1 0 1) peak of
TiO2 NPs at various pH levels is shown in Figure 3. As the concentration of H* increased, the
diffraction peaks moved slightly to the higher angle side. This peak shift might be due to the TiO:
NPs developing various types of strain (tensile and compressive). Thus, the size and characteristics
of TiO2 NPs synthesized by the sol-gel method are influenced by a number of factors. The factors that
impact the sol-gel process' hydrolysis and condensation processes should be managed to get TiO:z
NPs with appropriate characteristics. The pH parameters have been proven to be more essential than
others.

3.3. Fourier Transform Infrared Spectroscopy (FTIR) Analysis

Figure 3 shows the FTIR spectrum for the synthesized TiO2 NPs for acid and alkaline before and
after calcination with varies in calcination temperature. FTIR spectra from Figure 3 confirmed that
the surfactant there were the existence of honey’s functional group as-prepared samples after three
times of washing since the absorption peaks attributable to organic residuals are detected, including
CH:z and OH stretching peaks in the range of 2800 to 3000 cm™" and 3000 to 3500 cm™, respectively [19-
21]. The use of glucose and fructose as stabilizing and reducing agents in NPs production is gaining
increasing attention these days. There have been reports that monosaccharides with a linear chain
and aldehyde groups, such as glucose, are effective reducing agents, and fructose has also been
discovered to be capable of contributing to the production of NPs of varied shape. In this research,
honey was utilized as a reducing and stabilizing agent in the current investigation since it is a rich
source of both monosaccharides. Furthermore, the most common synthesis method for TiO2NPs is
the hydrothermal method. It assists in the synthesis of mono-dispersed and relatively homogenous
NPs while ensuring effective control over their size and shape. And has the advantages of lower
energy usage, improved nucleation control, and decreased emissions [22, 23]. The presence of
hydrochloric acid, which are formed when honey is diluted with distilled water, may aid this
decrease. Fructose has been used as a probable reducing agent in this process, while the proteins
existed in honey were utilized for the stabilization of TiO2 NPs. Another studied was carried out with
and without honey during conducting this experiment to investigate how honey influenced the size
of TiO2 NPs. As shown in Table 2, it proved that honey helped as the reducing agent during the
formation of TiO2 NPs. The size of synthesized anatase obtained was 14.04 nm with the presence of
honey whereas without honey the size of synthesized TiO2 NPs is 17.77 nm. While increasing the
calcination temperature the size produced with and without honey are 15.63 and 21.88 nm
respectively.
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Figure 3. Presence of Honey functional group pattern in acidic and alkaline condition: (a) FTIR
analysis for TiO2 NPs before calcined in alkaline medium with honey, (b) FTIR analysis for TiO2 NPs
at 200°C in acidic medium with honey, (c) FTIR analysis for TiO2 NPs at 400°C in acidic medium with
honey, (d) FTIR analysis for TiO2 NPs at 600°C in acidic medium with honey, (e) FTIR analysis for

TiO2 NPs at 800°C in acidic medium with honey, (f) FTIR analysis for TiO2 NPs before calcined in
alkaline medium with honey, (g) FTIR analysis for TiO2 NPs at 200°C in alkaline medium with honey,
(h) FTIR analysis for TiO2 NPs at 400°C in alkaline medium with honey, (i) FTIR analysis for TiO:

NPs at 600°C in alkaline medium with honey, FTIR analysis for TiO2 NPs at 800°C in alkaline medium

with honey.
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4. Conclusions

In conclusion, using hydrolyzing a titanium isopropoxide alcoholic solution and then peptizing
the resulting suspension at 70 °C for 18 hours, nanocrystalline TiO2 NPs powder was successfully
synthesized. Besides, the crystallite size has been decreased with existing of honey as a reducing agent.
Scherrer's formula was used to determine the size of the TiO2 NPs crystallites. The average size of
TiO2 NPs obtained is 11.84 nm when the powder is thermally treated at 400°C in acidic condition, and
it is considered that a pure anatase phase were consists at this stage. The pH of the sol-gel solution
used to synthesis homogeneous anatase TiO: particles from condensed TiO: gel is a significant factor
in influencing the product's finished particle size and shape. When the pH of the sol rises, the grain
size of the TiO: particles continues to rise. Because hydrogen ions interfere with the process and slow
the nucleation rate, the particles develop quickly to form larger grains when the hydrogen ion
concentration is high. There is enough time for the new nucleus to develop and aggregate into large
TiOz particles. The formation of TiO: particles of a narrow size can be achieved by aging a very acidic
titanium tetrachloride solution at severe temperatures for 12 to 18 hours. The amount of acid (pH)
influences not only the size of the NPs, but also the stability of the sol. The particle size grows as the
calcination temperature is raised. This research was accomplished by dispersing PLA with the
synthesized TiO:2 NPs to fabricate a self-cleaning bio-based polymer characteristic.
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