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Abstract

The technology of preparation and subsequent use of nanoparticles is currently a very actual topic, because
these particles may have different properties opposite to the conventional materials from which these particles
are produced. This article is focused on the production and application of titanium dioxide nanoparticles
produced using different methods and their application to the PTFE matrix to create the functional composite
coating. The polymorphic compound, described in this article, was chosen, because it has good catalytic
properties for subsequent use. In this article, three possibilities of production of nanoparticles are presented.
Each of these methods produces a specific particle shape, size, and specific morphology. This also implies
the subsequent properties that these different particles have. In the article is also described the use of particles,
specifically their application to a PTFE coating. The article presents the process of composite coating
preparation. This composite coating is developed for application to an aluminium substrate (silumin) for a
particular application in the practice. Subsequently, it was observed the uniformity of the distribution and
anchoring of these particles in the coating across the sample surface. In this paper we present the results from
the measurement of the coefficient of friction as a function of temperature and the measurement of the nano
hardness of the coating.
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1. INTRODUCTION

Nanoparticles and their applications are currently very actual. Opportunities and possibilities for their use are
almost all sectors because the particles of this size bring new features unlike particles in micro-size and larger.
This paper deals with the preparation of nanoparticles and nanocoatings in various ways.

The possibilities of preparing nanoparticles and nanocoatings are described, for example, by Namita Rajput in
Methods of Preparation of Nanoparticles - A Review and by Konwar Rajnit et al. in Nanoparticle: An Overview
of Preparation, Characterization, and Application. These articles describe methods of nanomaterial synthesis
(gas condensation, vacuum deposition, and vaporization, chemical vapor deposition (CVD) and chemical
vapour condensation (CVC), mechanical, chemical precipitation, sol-gel techniques, electrodeposition), the
types of nanoparticles, characterization and methods for nanoparticles studying. [1,2]

There are different approaches to the classification of nanomaterials. Nanoparticles are classified according
to 0D, 1D, 2D, 3D objects. Preparation of particles according to their growth possibilities in different directions
and specific examples are described in the article Nanoparticle: An Overview of Preparation, Characterization
by Konvar Ranijit et al. [3] The preparation of nanoparticles depends on the material from which they are made
- preparation of nanoparticles from metal, polymer nanoparticles or preparation of nanoparticles from metal
oxides; what should be the final size of the parts; what are the properties of the particles (stability and solubility
in water); surface charge and throughput, etc. Methods for preparing nanoparticles can be classified by
different approaches. One of them is the preparation by Bottom-up, chemical Reaction, Top-down or
combinations of these approaches. Nanoparticle preparation procedures are described e.g. in sources. [4,5,6]
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2. EXPERIMENT - PREPARATION OF NANOAPRTICLES

2.1. Method of nanoparticles preparation - SLS

Using the SLS (solid-liquid-solid) method, nanoparticles were formed in the form of sticks. In super cooled
solution is added ammonia and thus results in polycrystals - 1D object titanium dioxide (Figure 1). At preparing
nano sticks was in the mixture of 100 ml demi water and 50 ml ice added 4.8 g titanyl sulphate. This mixture
was a few hours stirred to attainment on room temperature. The beaker was subsequently shut down until the
particles settled on the bottom of the vessel. Subsequently, the solution was decanted. This decantation
procedure was repeated three times, each time after 350 ml of water was added and 10 minutes of stirring, to
completely replace the sulphate ions dissociated from TiOSOs with the hydroxyl anions. After the last
decantation, the powder on the filter paper was dried and then stored. [8]

Performance in nanospace

Figure 1 Titanium dioxide nanoparticles prepared by SLS method

2.2. Method of nanoparticles preparation - lyophilisation followed by annealing

The next method in the experiment is the preparation of nano objects by chemical means, where was used
lyophilisation followed by annealing to a given temperature. During preparation were first dissolved 4.8 g of
titanyl sulfate (TiOSO4. nH20) in 150 ml water in temperature 35 °C. Thereafter was solution cooled one hour
and after was added in solution (temperature 0 °C) dropwise ammonium to pH 8. The precipitate was allowed
to stand for one hour for pH stabilization and then filtered. The filtration procedure is repeated twice more,
each time in 350 ml of water. With hydrogen peroxide (30 %, 47 mL), the pH is lowered to 2.5. The sample
was then freeze-dried at 5-10 mTorr and - 64 ° C. The samples were subsequently annealed to obtain the
desired crystallographic structure. If we want to achieve anatase structure, a temperature of 450 - 480 ° C is
sufficient. Annealing at 900 ° C is required to recrystallize anatase to rutile. In Figure 2 is a mixture of anatase
and rutile after annealing with temperature 950 °C. [9]

Figure 2 Titanium dioxide nanoparticles prepared by method lyophilisation followed by annealing [9]
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3. PRACTICAL APPLICATION

One of the possible uses of the thus formed particles is their application to the selected polymer matrix. It is
the PTFE matrix in our experiment. Applying the mixture PTFE with nanoparticles on the aluminium substrate
creates a composite coating of the specific properties. The basic material (substrate) is AISi9Mg0.3Mn0.1. The
composite coating is prepared with the use of following steps: alkaline degreasing (bath of the 1 | volume,
application temperature 50 °, pH 10 - 11.5, application time 2 min), zirconium passivation (bath of the 1 |
volume, room temperature, pH 4.8 - 5.2, application time 3 min). After application of the zirconium passivation,
the samples were dried in an oven at 115 °C for 15 min. Among the various process steps for chemical surface
treatment, the samples were rinsed in demineralised water (DEMI water, pH 5 - 7). The final coating is a liquid
state PTFE matrix into which nanoparticles have been admixed (with stirring, application temperature 65 °C,
pH 7.5 - 8.5, application time 15 min). After application, the composite coating is dried in an oven at 100 °C for
30 min. For all chemical preparations, the application technology is Dip coating. Nanostructured titanium
dioxide (TiO2) micro-sticks with a length of 8 - 11 um and a diameter of 5 - 10 nm were used as a filler of the
PTFE matrix. These sticks were prepared from hydrated crystals of titanyl sulfate (TiOSOs4 * H:20).
Concentration of the sticks were chosen 0.1 %, 0.01 % and 0.001 % in the PTFE solution (% relative to the
total volume of the coating bath). Figure 3A documents composite coating, where titanium dioxide particles
were used in the form of sticks. It is apparent from the figure documentation that the deposited coating is
homogeneous and the parts in the matrix are evenly dispersed. An important parameter for the practical
application of this type of coating is also its thickness. The thickness is between 10 and 30 ym (Figure 3B).

Ferformance in nanospace

Figure 3 Composite coating PTFE matrix + TiO: sticks and the thickness of the composite coating

The coating is in the testing phase. At this moment we can give results from the evaluation of the dependence
of the coefficient of friction on the thermal load of the coating. The composite coating was loaded at
temperatures from 150 to 500 ° C for 60 min. Except the friction coefficient were measured the nano hardness
of the coating.

The friction coefficient was measured on a Bruker UMT TriboLab, an indenter ball of diameter 12.7 mm, 10
mm indenter track, 4 N load (from 300 ° C thermal load reduced to 2 N due to the coating degradation according
to the thermal loading). When comparing the coefficient of friction of the base material and the material with
the coating, it was shown that with the applied coating (PTFE or PTFE + TiO2) the coefficient of friction
increases, Table 1. The coefficient of friction increases significantly with increasing temperature. The PTFE
coating degraded at 350 °C, resulting in an intense increase in the coefficient of friction from this temperature.
In the case of a composite coating (PTFE + TiO2), the trend of increasing the coefficient of friction was similar
for all TiO2 concentrations. The coefficient of friction increases repeatedly with increasing temperature of
thermal load, as is the case with PTFE coating. From the temperature of 300 °C, there was an intense increase
in the coefficient, Table 2. Figure 4 shows a record of COF measurements of a PTFE + TiO2 composite coating
sample (concentration 0.01 %).
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Table 1 Average values of coefficient of friction without thermal loading

Average COF* value (of 10 measurements

Measurement conditions

Sample per sample, 5 samples)
Basic material (no coating) 0.148
Basic material + PTFE 0.101
Basic material + PTFE+TiO2 0.100

Indenter - ball & 12.7 mm;
indenter track - 10 mm; load -4 N

* COF - Coefficient Of Friction

Table 2 Average values of coefficient of friction after thermal loading
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Figure 4 Graphical representation of the coefficient of friction for the sample PTFE + TiO2 (0.01 %, 250 °C
thermal load, 60 min)

Time, s

The method we used for hardness measurement of our samples was the nano indentation hardness test.
The values for the nano indentation test were measured using an incisions matrix, taking several incisions at
once. It was measured under the following conditions: the incisions matrix was set to 10x10 incisions, the
incisions gap was 35 pm; the maximum load was 5 mN and the Berkovich type indenter was used (the load
according to the coating thickness).

The first measurements were performed on a basic polished material (Al-Si alloy) and a basic material with
PTFE coating. With these experiments, the hardness values of the base material and PTFE were obtained.
The data obtained serve to compare the hardness values on the other samples with the composite coating
PTFE with TiO2 particles at different concentrations. In the Table 3, the average values are shown of the
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measured nano hardness and the standard deviation. Figure 5 shows the record from the nano hardness
measurement (as an example PTFE + 0.1 % TiOz).

Table 3 Average values of nanohardness and standard deviation of experimental samples

AVERAGE VALUE [GPa]
Basic material (AlI-Si) | A (PTFE) 1B 0.1 % TiO2 2B 0.01 % TiO; 3B 0.001 % TiO2
1.02986 1.51688 2.82139 1.57177 1.46625
STANDARD DEVIATION [GPa]
Basic material A (PTFE) 1B 0.1 % TiO2 2B 0.01 % TiO; 3B 0.001 % TiO2
0.54956 1.19876 4.83942 1.52201 4.53413

Hardness - 1B 0,1 TiO2
33
30
27
24
21
18

15
= Hardness

Harrdness [GPa]

o w o v

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100
No. measurement

Figure 5 Nanohardness measurement of the PTFE matrix - filler TiO2 sticks (0.1 % concentration)

The measured hardness values are moving in a different range. This measurement also heavily depended on
whether the incision was performed in a particle cluster or at a site with a lower particle concentration. In the
case of nanometre measurements, the highest hardness value was measured for sample 1B - PTFE + TiO2
0.1 %. In the case of a sample with the lowest particle concentration, the hardness value is the lowest. The
measurement is burdened by a relatively large standard deviation. It is due to the thickness of the coating and
irregular distribution of particles on some samples, mainly with a lower concentration of particles. The
measurement shows that the PTFE coating itself increases the hardness of the material and the addition of
TiO2 nanoparticles can be beneficial in the form of an increase in the coating resistance, respectively its
hardness.

4. CONCLUSION

This paper is devoted to various methods of preparation of nanoparticles and their applications in the form of
composite coating deposited on aluminium substrate.

Introduction of the article is devoted to the classification of nano objects and methods of their production. There
are possibilities of preparation of nanoparticles and nano powders. The experimental part of the paper is
focused on three methods of preparation of nanoparticles and demonstration of a particular application.

° The first method of nanoparticle preparation is the SLS method. In this method, nanoparticles in the
form of sticks are obtained under given conditions. The advantage of this method is the achievement of
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particle size in the nanoscale, but the disadvantage is that only a relatively small amount of particles
can be obtained by this process.

° The second method of preparation is lyophilisation followed by annealing. The annealing temperature
affects the resulting particle structure. The disadvantage of this method is the time of production, in a
relatively long time we get a small number of particles.

° At the end of the article briefly describe application and possible use of nanoparticles in the creation of
composite coating, which is composed of PTFE matrix and TiOz2and is applied to the Al substrate. With
this technology, we obtained a relatively homogeneous coating. The particles are evenly distributed in
the coating and a uniform layer is formed on the surface of the material. The properties of the TiO2z +
PTFE composite coating are the subject of further research, as well as applications for practical
applications. In this paper, we present the results from the measurement of the friction coefficient as a
function of temperature and the measurement of the nano hardness of the coating. From the
measurements, we can conclude that the coefficient of friction increases significantly with increasing
temperature of both PTFE and PTFE + TiO2 coatings. The highest hardness was achieved with a PTFE
+ TiO2 composite coating with a concentration of 0.1 % (2.82139 GPa). Comparing the value of PTFE
without nanoparticles (1.5168 GPa) with this nanoparticle coating, it can be stated that the particles
affect increasing the hardness of the coating at a given concentration of 0.1 % TiOsa.
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