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on the amount of protection
against UV irradiation
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In this study, three samples of commercial titanium dioxide nanoparticles (TiO,) in different sizes were
used to investigate their effect on the formulation of sunscreen creams. The aim was to evaluate their
role in the performance of sunscreens (i.e. SPF, UVAPF, and critical wavelength). Then the particle size
of these samples was determined by photon correlation spectroscopy methods. As a result, the size

of primary particles was reduced by using milling and homogenization methods at different times.
The results showed that the particle size of samples TA, TB, and TC in the ultrasonic homogenizer
decreased from 966.4, 2745.8, and 2471.6 nm to 142.6, 254.8, and 262.8 nm, respectively. These
particles were used in the pristine formulation. Then the functional characteristics of each formulation
were determined by standard methods. TA had the best dispersion in cream compared to other
samples due to its smaller size (i.e. 142.6 nm). For each formulation, two important parameters,
including pH and TiO, dosage, were investigated in different states. The results showed that the
formulations prepared with TA had the lowest viscosity compared to formulations containing TB and
TC. SPSS 17 statistical software analysis of variance showed that the performance of SPF, UVAPF

and Ac in formulations containing TA had the highest levels. Also, the sample containing TAU with

the lowest particle size values had the highest protection against UV rays (SPF). According to the
photocatalytic functionality of TiO,, the photodegradation of methylene blue in the presence of each
nanoparticle of TiO, was studied. The results showed that smaller nanoparticles (i.e. TA) had more
photocatalytic activity under UV-Vis irradiation during 4 h (TA (22%) >TB (16%) >TC (15%)). The results
showed that titanium dioxide can be used as a suitable filter against all types of UVA and UVB rays.

Every year, significant amounts of titanium dioxide are used in cosmetic and pharmaceutical products, both
as pigments and as sunscreen filters’. In recent years, along with the development of nanotechnology in the
world and due to the unique characteristics of titanium dioxide nanoparticles and other nanoparticles, the
use of the material in rubber?, photoelectrocatalyst?®, airborne nanoparticle**, oil-water separation®’, liposome
productions®, enhanced oil recovery®, pharmaceutical, cosmetic and health industries, especially in sunscreens
has increased significantly'®!2. Figure 1 shows the main applications of TiO, and their usage percentage in
different industries'*!'*. Considering the increasing tendency to consume cosmetic and medical products, to
use these products to maintain and improve the health of society, it is very important to control the safety and
performance of these products'.

Nano titanium dioxide (TiO,) in spite of its mass state is transparent and is effective as a photocatalyst and
an absorber of ultraviolet radiation’®. Its transparency and absorbance features to ultraviolet radiation provide
its effective use as a protective filter for sunscreen creams!”. With the development of nanotechnology, pure or
coated titanium dioxide nanoparticles have been used in the cosmetic and pharmaceutical industries'®. Many
studies on the safety of titanium dioxide nanoparticles have been conducted by various regulatory organiza-
tions, including the European Union, the US Food and Drug Administration, and the Australian Food and Drug
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Figure 1. Main applications of TiO, nanoparticles'*'*,

Administration. On the other hand, by increasing the size of titanium dioxide particles, the ability to protect the
skin against ultraviolet rays (especially UVB) decreased'**.

Research has been conducted to achieve an optimal range of titanium dioxide particle sizes (i.e. between
50 and 150 nm) in sunscreen formulations, which not only minimizes safety concerns, but also results in the
desired performance for the formulation®"?2. To improve some properties of TiO,, most of them are covered
with materials such as alumina or silica. These coatings can prevent some reactions between the surface of very
active titanium dioxide nanoparticle crystals and the matrix in which they are spread. They can also lead to an
easier distribution of titanium dioxide in the matrix***.

Titanium dioxide absorbs light at wavelengths of 275 to 405 nm and reflects light effectively due to its high
refractive index®. Both of these effects, i.e. absorption and reflection, are effective in the power of protection
obtained from titanium dioxide against ultraviolet rays®. According to theoretical calculations and data obtained
from experimental studies, it has been proven that for TiO, with particle size less than a micron, the amount of
protection against rays UVB and UVB increase>?’~%.

Sunscreen creams use chemical properties (absorbing rays) or physical properties (blocking rays) to prevent
UVB and UVA rays from penetrating the skin®. Their ability to protect against sunlight with a factor called sun
protection factor (SPF) was investigated®!. In sunscreen creams, in order to protect the skin against ultraviolet
radiation, chemical or physical filters are used. Chemical filters mainly include organic materials with double
and conjugated bonds, and physical filters are mainly metal oxides, including titanium dioxide and zinc oxide,
which prevent radiation by reflecting or absorbing it***. The problem of chemical filters is the creation of free
radicals that causes the reduction of their performance over time, while physical filters do not have this prob-
lem and have a longer and more effective performance®*. The performance of sunscreen creams is measured by
their ability to protect the skin against ultraviolet rays*. SPF is measured in two ways in the laboratory, i.e. in a
simulated space with a living organism in the laboratory and the method by consuming the formulation directly
on the human skin*.

In the standard method, the SPF factor is defined as the ratio between the energy required inducing the least
response on human skin with and without the use of sunscreen products by using ultraviolet rays from an artifi-
cial source®. The term MED is the lowest amount of ultraviolet radiation that shows the first perceptible inflam-
mation in the range of ultraviolet radiation, after 11 to 25 h of radiation. The MED value determined without the
use of sunscreen cream indicated by MEDu and with the use of sunscreen cream by MEDp. The total average of
individual SPFs (SPFi) for the product is defined as the ratio of the minimum protected erythema (MEDp) to the
minimum unprotected erythema (MEDu)*. It should be noted that nanoparticles are toxic, that's why Torbati
et al.® investigated the toxicity of titanium nanoparticles in a study. The results showed that concentrations below
0.3 ppm were not toxic, but concentrations of 1 and 50 ppm were highly toxic.

In this research work, the use of titanium dioxide (TiO,) as a UV filter in the formulations of cosmetics and
health products, especially sunscreens, has been investigated. Because titanium dioxide nanoparticles have a
great tendency to aggregate and form coarse particles, as a result, experiments have been carried out to reduce
these aggregates and turn them into smaller particles.
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Experimental section

Titanium dioxide samples. Three commercial titanium dioxide samples available in the market in nano
size were prepared and the particle size of these samples was determined. Due to the fact that in these samples
the accumulation of particles had occurred, with the help of milling and homogenization methods, the size
of the primary particles became smaller at different times and then was used in the reference formulations of
sunscreen cream. Some features related to sunscreen performance, namely SPF, UVAPF and critical wavelength
(Ac) have been determined in these formulations. Also, the functional characteristics of each formulation in
removing ultraviolet rays were determined. For each formulation, two critical parameters including pH and
dosage of titanium dioxide in different states and the effect of these parameters on the size of the particles and
the performance of the sunscreen formulation have been investigated. Three different samples of nano titanium
dioxide, including: 1—uncoated, produced by DSM company, with primary particle size between 35 and 50 nm,
2—coated with PVP polymer material, produced by Indocom company, with primary particles size of 20 to
30 nm, 3—coated with polyisobutene, produced by LCW company, with the primary particles of 35 to 50 nm,
have been used. These samples are coded with TA, TB and TC respectively.

Preparation of formulations. The reference formulation with the least ingredients was used in order not
to interfere with other unrelated factors in the experiment and only titanium dioxide was used as an ultraviolet
filter. To prepare the formula, firstly, titanium dioxide at a concentration of 0.3 ppm (the concentration of nano-
particles was chosen due to its high toxicity according to reference®) was dispersed in oil (octyl-dodecanol) at a
temperature of 80 °C. In a separate container, all the ingredients except water and glycerin were mixed together
at a temperature of 74 °C. Then titanium dioxide dispersed in oil was added to this mixture and mixed com-
pletely. In the third container, water and glycerin were heated to 80 °C, and then the oil mixture was added to
it and the mixture was completely uniform. Then the obtained suspension was slowly stirred until reaching a
temperature between 35 and 40 °C. Table 1 summarizes some of the properties and usabilities of the ingredients
in the sunscreen formulations. It is based on volume percentage except for titanium dioxide.

Preparation of samples. Titanium dioxide samples were prepared in three ways and used in the sample.
Firstly, an industrial homogenizer (manufactured by AICA company with the power of particles up to 300 nm),
an ultrasonic homogenizer and a ball mill with zirconium balls were used. Industrial homogenizer uses mechan-
ical force to agitate particles in a liquid while ultrasonic homogenizer benefits from ultrasound waves therefore.
In all cases, titanium dioxide nanoparticles were dispersed in octyl-dodecanol oil. In order to volume measure
titanium dioxide nanoparticles in the prepared formulations, first, 40 ml of water was added to 10 g of the sample
and stirred well until the water phase was dissolved. Then 40 ml of ethyl ether was added to the mixture and
mixed thoroughly. Then the mixture was poured into the decanter to separate organic phase from the aqueous
phase. Subsequently, some experiments were performed on the organic phase.

Photocatalytic activity of TiO,. The photocatalytic activity of three nanoscale particles of TiO, was
measured by monitoring photodecomposition of methylene blue (Purchased from Pars Company) in aqueous
solution. For this means, the same amount of considered TiO, nanoparticles e.g. (1) 142.6 nm, (2) 254.8 nm and
(3) 362.8 nm, separately, was added to MB solution (100 ppm) in order to have 10 ppm solution of TiO, and
dispersed by ultrasound waves. The vessel was placed under UV-Visible lamp (high pressure Mercury lamp,
250 W) to irradiate light in the range of 300-600 nm (maximum absorption at 365 nm). Dye concentration was
measured at 5-time intervals of 0, 30, 60, 120 and 240 min by UV-Vis spectrophotometer.

Characterization. The determination of the size of titanium dioxide particles has been performed by pho-
ton correlation spectroscopy method and using the Master Sizer 2000 device made by Malvern company in
England. The optometric device SPF 290 made by Optometrics of America was used for measuring functional
parameters of formulations. To prepare the sample and as a substrate, 3 M Transpor surgical tapes made of poly-
methyl methacrylate were used. For this purpose, approximately 2 mg/cm?* samples were placed on the tape and
set down in the machine. The scanning of the wavelengths has been adjusted with a distance of 2 nm and has
been applied to the entire range of ultraviolet and visible rays. 12 scans were performed for each sample, and the

Material’s name Amount (volume %) Performance

Titanium dioxide 0.3 ppm Ultraviolet

Water Until reaching the volume | Solvent

Cetyl alcohol 2-3% Emulsifier and stabilizer
Glycerin stearate 3-4% Emulsifier

Octyl dodecanole 8-12% Solvent

Glycerin 7-15% Solvent

Citric acid Between 4 and 8 drops pH tunning
Ammonium hydroxide | Between 4 and 8 drops pH tunning

Table 1. Features and role of ingredients in sunscreen formulations.
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results obtained for each product were the average of the results obtained from each scan. The ultraviolet light
source used was a high pressure Mercury lamp, 250 W and a 140-W Xenon Arc Lamp. The morphology of the
TiO, nanoparticles was investigated by scanning electron microscope (SEM) (Hitachi). The optical characteriza-
tions for TiO, samples were done using a UV-Vis diffuse reflectance spectrophotometer by a Shimadzu UV2550
spectrometer (Japan).

Results and discussion

Determination of particle size of titanium dioxide samples. Based on the measurements made by
photon correlation radiometry, the particle size of the three studied titanium dioxide samples (TA, TB and TC)
was determined and the results are summarized in Table 2.

As shown in Table 2, the results obtained from the average size of the particles were compared with what
the manufacturer had announced, and due to the aggregation of the particles, there was a significant difference
between the size declared on the label and the actual size of the particle. The graphs obtained from measuring
the particle size of the samples by PCS are shown in Fig. 2 and their scanning electron microscope images are
shown in Fig. 3.

According to the data in Table 2 and Figs. 2 and 3, all three samples have been subjected to agglomeration
processes and their particle size has increased. TA sample showed the least and TB sample had the largest increase
in particle size. Subsequently, some methods to eliminate the agglomeration and reduce the size of the particles
have been applied before using the particles in the formulations.

Reduction of particle size. Three different methods to reduce the size of particles, including 1—use of
industrial homogenizer, 2—milling and 3—use of ultrasonic homogenizer for three samples of titanium dioxide
have been investigated. For this purpose, each sample was tested four times and the average results are sum-
marized in Table 3.

As the results of Table 3 show, the operation time for all three methods is considered up to 14 min, and among
the three preparation methods, the use of ultrasonic homogenizer had the best performance in reducing the size
of particles (142.6, 254.8, 362.8 nm respectively for TA, TB and TC in 15 min).

Evaluating the characteristics of the reference formulation. For each type of titanium dioxide,
five reference formulation samples have been prepared and evaluated, and the reference formulation samples
are marked with the letter R at the end of their code. From the obtained 15 formulations, experiments were
performed to determine viscosity and pH, and the obtained results are given in Table 4. For all five reference

Sample code Claimed on the label (nm) | Measured (nm)
TA 20-30 967

TB 35-50 2757

TC 30-50 2479

Table 2. The particle size declared by the manufacturer and measured for titanium dioxide samples.
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Figure 2. Particle size distribution diagram for TA, TB and TC processed samples.
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Figure 3. SEM images of TA, TB and TC samples.

0 966.4 966.4 966.4 2745.8 2745.8 2745.8 2471.6 2471.6 2471.6
3 914.4 765.4 456.0 2498.6 2089.4 1742.0 2311.4 2227.4 1999.8
5 860.8 611.0 274.2 2288.2 1222.6 883.4 2226.4 1906.0 1440.0
10 830.6 545.2 148.2 2180.8 630.6 452.4 2112.8 1313.8 559.4
15 796.2 538.8 142.6 1974.6 629.6 254.8 1929.6 851.8 262.8

Table 3. The results obtained from reducing the particle size (nanometers) of titanium dioxide samples by
various methods.

TAw TA 6.87 |2135
TAp TA 6.73 | 2535
TAgs TA 6.95 |2148
TAgg TA 6.84 | 2589
TAgs TA 6.78 | 2778
TBy, TB 7.02 | 3112
TBg, TB 6.98 | 2600
TBgs TB 7.12 | 2701
TBg, TB 7.07 | 2574
TBgs TB 6.93 | 2681
TCpy TC 6.67 |2213
TCp, TC 6.75 | 2984
TCps TC 6.81 | 2504
TCra TC 6.62 | 2735
TCrs TC 6.74 | 2318

Table 4. Results obtained from measuring pH and viscosity of 15 reference samples.

formulations prepared from each of the various titanium dioxide samples, the average pH and viscosity are sum-
marized in Table 5.

Studying the performance of formulations. For all three reference formulations prepared with three
samples of titanium dioxide, their functional characteristics including SPE, UVAPF and critical wavelength (Ac)
were calculated and the results are presented in Table 6. It is worth mentioning that for each sample, UV scan-
ning was performed five times and the average results are summarized in Table 6.

One-way analysis of variance was calculated by SPSS 17 statistical software, in order to statistically investigate
the effect of various reference formulations prepared from titanium dioxide on the three parameters SPE, UVAPF
and Ac. The results are shown in Tables 6 and 7.
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Formulation code | pH | Viscosity (mPas)
TAg 6.82 | 2435
TB, 7.02 | 2721
TCy 6.72 | 2554

Table 5. Average results of the specifications of the 3 reference formulations.

Formulation code | SPF | UVAPF | A¢

TAg, 838 |6.25 383.9
TAg, 9.01 |6.51 383.1
TAws 841 |6.42 3842
TAp, 852 | 6.81 383.0
TAgs 8.75 | 6.41 384.9
TBy, 6.59 | 5.69 388.7
TBy, 6.14 |5.56 388.8
TBg, 6.61 |531 387.3
TBg, 6.61 |5.58 387.0
TBys 6.18 |5.11 388.8
TCr, 757 |6.16 385.4
TCr, 7.83 |6.78 384.2
TCps 6.93 | 6.01 385.9
TCqy 6.63 |5.80 387.0
TCqs 7.46 | 6.64 384.7

Table 6. The results obtained from the measurement of the performance characteristics of the reference
formulations.

Formulation performance | Square average | Standard deviation | F P
6.087

SPF 0.98 53.00 P<0.001
0.0115
1.501

UVAPF 0.55 15.153 | 0.01
0.099

23.409

Ac 2.02 27.211 | P<0.001

0.860

Table 7. One-way analysis of variance for the comparison of three samples of titanium dioxide TC, TB and
TA.

According to Table 7, the P values were calculated less than 0.05, it proved that there was a significant differ-
ence between the groups. Table 8 shows the results of three groups’ follow-up analyses. Statistical graphs related to
three performance characteristics for three types of titanium dioxide reference formulations are shown in Fig. 4.

As seen in the first row of Table 6 and Fig. 4a, TAy formulation had a significant difference compared to the
other two types of formulation, while there was no significant difference between the type of formulation and
critical wavelength and UVAPE The results were collected in Table 6 and Fig. 4b, c.

The size of titanium dioxide particles in the formulation. By using various reference formulations
(at the rate of 10%), the amount of accumulations and the behavior of various samples of titanium dioxide in
these formulations have been investigated. In terms, the effect of particle size on the parameters related to the
functional characteristics of the formulations Sunscreen includes SPF, UVAPF and Ac measured. After these
stages, two controllable parameters in the formulations, including pH and titanium dioxide dosages, were
changed and their effects on the size of titanium dioxide particles and the aforementioned functional character-
istics were measured again.

Among the three titanium dioxide samples, the TA sample, which is without modification or coating, has the
lowest amount of aggregations and is easier to homogenize than the other samples. An easy solution to obtain
a more suitable range of titanium dioxide nanoparticles is the rapid use of newly produced titanium dioxide or
the pre-uniformization in small amounts by an ultrasonic homogenizer or a mill and the production of smaller
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Confidence 95%
Performance | Formulation Difference average | P Lowlevel | High level
TA TBg 2.18 <0.001 |1.59 2.78
h TCy 1.34 <0.001 |0.74 1.93
TAg -2.18 <0.001 |-2.78 -1.59
SPF TBy
TCyr —-0.84 0.007 -1.24 -0.24
TC TAg -1.34 <0.001 |-1.93 -0.74
N TBg 0.84 0.007 0.24 1.44
TBr 1.02 0.001 0.47 1.58
TAg
TCy 0.18 0.673 -0.37 0.74
TAg -1.02 0.001 -1.58 -0.47
UVAPF TBy
TCy 0.84 0.004 -1.30 -0.29
TC TAg -0.18 0.673 -0.73 0.47
: TBgr 0.84 0.004 0.23 1.40
TBg -4.28 <0.001 |-5.91 -2.63
TAg
TCy -1.61 0.053 -3.24 0.023
TAg 4.28 <0.001 |2.63 591
A TBg
TCy 2.67 0.002 1.03 4.30
TAg 1.61 0.053 0.023 3.24
TCy
TBg -2.67 0.002 -4.30 -1.03

Table 8. Results of follow-up analysis.
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Figure 4. Statistical plots for three reference formulations, relative to performance for (a) SPE (b) UVAPF and
(c) critical wavelength.

volumes of the product. These solutions are also useful from an industrial and economic point of view. Figure 5
shows the changes in particle size for various samples of titanium dioxide prepared by different methods.

As shown in Fig. 5, it is clear that all three types of titanium dioxide samples have increased in particle size
due to accumulation within one month. However, the intensity of increase in particle size for the sample prepared
by ultrasonic homogenizer (TAU) had the highest increase rate among the three types of samples.

Effect of particle size on SPF. In Fig. 6, the trend of SPF changes for three different titanium dioxide
samples is compared. As it is clear from Fig. 6, there was a decrease in the SPF values of all formulations during
the period of 1 month. However, among all these formulations, the sample containing TAU titanium dioxides
with the smallest particle size created the highest SPE. It is generally known that the formulations with the lowest
particle size values provided the highest amount of protection against UV rays (SPF) and it was known that high
SPF values can be achieved with the help of titanium dioxide. Due to the re-accumulation of titanium dioxide
after a period of more than one month, the SPF values obtained from different samples have been reduced to
competitive values with a difference of 2 to 3 units.

The effect of dosage on the size of titanium dioxide particles. The effect of dosage on the change
of particle size in the formulation of sunscreen creams was studied and the results related to these measurements
for the TAH sample are shown in Fig. 7. As seen in Fig. 7, the pattern of increasing the size of TAH samples was
similar to each other. The remarkable thing was that the formulations with higher dosages of titanium dioxide
had a lower particle size increase compared to samples with lower dosages of titanium dioxide. In the case of
TBH and TCH samples, which had larger particle sizes than TAH samples, the particle size accumulation was
independent of the dosage of titanium dioxide in the formulation. Of course, the coated surface of these two
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Figure 5. Studying the size of TA titanium dioxide particles, prepared by three different methods (industrial
homogenizer H, mill M and ultrasonic homogenizer U) during a period of 1 month.
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Figure 6. Investigating the change of SPF for various formulations with TA, TB and TC titanium dioxide
samples during a period of 1 month.

types of titanium dioxide (TBH and TCH samples) can also be a contributing factor to the accumulation of these
samples.

Regarding all the samples prepared by the ultrasonic homogenizer, it can be seen that the increase in the size
of the titanium dioxide particles with dosages of 10 and 20% has created an equal ratio and approximately the
same sizes. While the amounts of accumulations in the samples with lower dosages (2.5%) had a greater increase
in the size of the particles.

This can be related to the effect of PVP. In short, the higher the dosage of titanium dioxide in the formulation,
the smaller the increase in particle size will be. However, the formulation used in this research had a relatively
lower viscosity than the formulations available in the market, which causes more mobility of titanium dioxide
particles, which resulted in an increase in the re-accumulation of titanium dioxide particles.

Effect of dosage on SPF.  As expected, with the increase in the dosage of titanium dioxide in the formula-
tions, the SPF also increased strongly. The SPF values obtained with 20% dosage were about two times more than
samples with 10% titanium dioxide. However, the difference between 2.5 and 10% titanium dioxide samples was
far less than this value. As a result, by using other ultraviolet filters in the formulation, 2.5 to 10% amounts of
titanium dioxide can be used in the formulation and provide the necessary efficiency for the formulation. Nev-
ertheless, it should also be kept in mind that the accumulation of titanium dioxide in lower dosages was more,
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Figure 7. Investigating the effect of dosage on the particle size of TAH titanium dioxide sample.

which caused the phenomenon of whitening and consumer dissatisfaction. Figure 8 shows the comparison of
SPF values for formulations with different dosages for the TAH sample.

In general, similar results were obtained for other samples. In addition, the smaller the size of the particles,
the higher SPF values were obtained. The remarkable thing about the samples with 20% titanium dioxide is the
small reduction of SPF over time, which is due to the high dosage of titanium dioxide in the formulation, which
covered the effect of the particle size and in practice caused the SPF to be relatively independent of particle size.

Effect of pH on SPF and UVAPF. When the pH was in the range of 5 to 8.5, the accumulation of particles
increased and as seen before, this caused a decrease in SPE. Figure 9a shows these effects for TBH sample. This
means that for formulations with different pH, the lowest SPF value obtained was between 5 and 8.5. Figure 9b
shows the changes in UVAPF in the time periods of one month and with the change of pH for the sample of
TCH titanium dioxides. As can be seen and predicted, the change of UVAPF also showed the same behavior as
SPE, which was dependent on the size of the particles in the formulation. It can be seen that there was the smaller
difference in UVAPF values at different pHs than the differences in SPE.

Photocatalytic activity. Monitoring of decomposition rate of MB in aqueous solutions in the presence of
three TiO, nanoparticles (10 ppm), separately, was performed and the results are shown in the Fig. 10.

As the curves show in the Fig. 10, the best result was obtained in the presence of TiO, with 142.6 nm size.
Approximately 22% of MB was degraded in the presence of TiO, (10 ppm) during 240 min under UV-Vis
irradiation. Irradiation of UV-Vis light on the TiO, surface resulted in movement of photoexcited electrons
from conduction band (CB) to valence band (VB). Photoexcited species e.g. electrons and holes produce new
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Figure 8. Investigating the effect of dosage on the SPF of TAH titanium dioxide sample particles.
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Figure 9. Investigating the change of (a) SPF with the change of pH in a period of 1 month for the TBH sample
and (b) UVAPF with pH change in a period of 1 month for TCH sample.
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Figure 10. Photocatalytic degradation of MB with TiO, samples.

active radicals namely Reactive Oxygen SApecies (ROS) which in turn degrade MB in aqueous solution. The
results show that TiO, with smaller nanoparticle size demonstrated more photocatalyic effect and also is able
to capture more amount of UV light and play efficiently role of UV-blocker against preservation of skin. These
mutual factors play important role for TiO, usability as sunscreen cream. Generally, the UV-blocker role of TiO,
must be prodomonant. Therefore the SCCS published standard limitations of TiO, amounts and particles size
in the cosmetic products®.

Conclusions

The purpose of this research was to investigate the size of titanium dioxide particles on the functional charac-
teristics of sunscreen creams, in experimental conditions, due to the accumulation of particles, their size did
not match with what was specified on the label of the samples. After reducing the size of the particles in order to
eliminate accumulation, their effect on the functional characteristics of sunscreens was also investigated. As it
is clear from the results, titanium dioxide can be used as a suitable filter against all types of UVA and UVB rays.
It was seen that the smaller the size of the titanium dioxide particles, the better the UVA and UVB protection.
According to the device used in the industry for the production of sunscreen products, most sunscreen formula-
tions will have titanium dioxide particle sizes above 100 nm. This reduced concerns about the skin penetration
of titanium dioxide. In order to achieve the maximum protection of the product against UVA and UVB rays,
measures such as using other chemical or physical filters along with titanium dioxide in the formulation, applied
homogenization until reaching the smallest particle size of titanium dioxide and using high dosages of titanium
dioxide were applied. Using more than 10% of titanium dioxide was difficult due to the existing complications
for the stability of the formulation. In the concentration range between 5 and 10% of titanium dioxide, there
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was no significant difference between SPF and UVA values, and depending on the price of other chemical and
physical filters, alternative filters can be used to reach higher efficiency values. Considering that SPF and UVAPF
values in the range of 6 to 7.5 were the lowest compared to other pH values, it was better for the formulation to
have values outside this range. Due to the fact that the pH of the skin is mainly in the range of 4.5 to 6, the pH
between 5 and 6 will be suitable for the sunscreen formulation.

Data availability
All data generated or analysed during this study are included in this published article.
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