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Zinc oxide is used as a white pigment in cosmetics, but has the disadvantage of having photocatalytic activity. A certain
amount of sebum on the skin is decomposed by ultraviolet rays in sunlight due to the photocatalytic activity of this cosmetic,
causing damage to the skin. In this study, a new white pigment for cosmetics was prepared by shaking a mixture of zinc oxide
and various condensed phosphate solutions or condensed phosphoric acid to react the surface of zinc oxide to phosphate.
The chemical composition, particle size distribution, photocatalytic activity, hue, and smoothness of the resulting powder
materials were examined. The condensed phosphoric acid treatment caused some of the zinc oxide to react with the zinc
phosphate. The reaction was relatively advanced in the samples prepared in a protonated solution. Most of the sample
powders were of a size suitable for white pigments for cosmetics. The condensed phosphoric acid treatment suppressed
the photocatalytic activity of the zinc oxide. The obtained samples had sufficiently high reflectance in the visible light range.
Judging from the particle size and the photocatalytic activity, the sample prepared with polyphosphoric acid is most suitable

as a white pigment for cosmetics.

INTRODUCTION

Zinc oxide is used as a white pigment for cosmetic
applications, and it is well known that this oxide has
photocatalytic activity [1, 2]. Therefore, a certain
amount of sebum on the skin is decomposed by the
ultraviolet rays contained in sunlight through the use of
cosmetics. Several technological treatments have been
considered and used to control the load on the skin caused
by this photocatalytic activity. For example, composite
particles with silicon dioxide have been used as one such
technology [3]. However, these particle materials have
the disadvantage of being too hard for use on the human
face. Therefore, a milder material is needed for use
as a white pigment for the face. In addition, pigments
with particle sizes that are too small are adsorbed
by the skin, so it is necessary to use white pigments with
sizes that are not adsorbed [4].

Phosphates have been used for applications such
as ceramic materials, catalysts, adsorbents, fluorescent
materials, dielectrics, biomaterials, metal surface
treatment, fertilisers, detergents, food additives, fuel
cells, and pigments [5, 6]. Among these, their use
as biomaterials is important, and phosphate materials are
well known for their high affinity for living organisms [7].

Therefore, phosphates are expected to be useful
as white pigments and in cosmetics.

The size distribution of phosphate particles
is important when used as a pigment in cosmetics.
Homogeneous spherical particles are expected to spread
well on the skin [8]. However, particles that are too small
are unsuitable because the pigment may penetrate into
the skin’s pores. In general, pigments with a size of 0.1
to 1 pm are preferred. However, the standard size of white
pigment particles used in cosmetics cannot be precisely
determined because skin pores vary in size due to age,
gender, climate, and other factors [9]. If the particles are
too large, they may break when applied to the skin, which
is inappropriate [10]. Therefore, it is important to control
the particle size of the pigment. In previous studies [11,
12], zinc phosphate pigments without photocatalytic
activity were prepared as novel pigments. However, the
particle size of the zinc phosphate was more than 1 pm.
These particles were too large, so a new process was
needed to produce smaller particles as a white pigment.

Zinc phosphate particles without photocatalytic
activity were too large, while zinc oxide particles with
a smaller particle size had photocatalytic activity.
In a previous study, zinc oxide was shaken in phosphoric
acid at 30, 40, and 50 °C to obtain zinc oxide particles
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coated with zinc phosphate [13]. The target particles
have a core-shell structure with a core of zinc oxide
and a shell of zinc phosphate without photocatalytic
activity. However, the resulting zinc phosphate-coated
zinc oxide contained particles larger than 10 pm. This
was considered to be due to the formation of more
zinc phosphate on the surface of the zinc oxide due
to the high reactivity of the phosphoric acid treatment.
The aim of this study was to obtain submicrometre-sized
white pigments with suppressed photocatalytic activity
by using various condensed phosphoric acids, which are
less reactive than phosphoric acid.

It is known that phosphates can be converted to va-
rious condensed phosphates by heating or other means.
These condensed phosphates have different reactivity
from non-condensed orthophosphates, and it is expected
that new materials can be obtained by using these
condensed phosphates. In a previous study, novel white
pigments for cosmetics were prepared by a condensed
phosphate treatment of titanium dioxide [14]. The results
showed that condensed phosphates are suitable for mild
phosphoric acid coatings.

In this study, new white pigments were prepared
from zinc oxide and various condensed phosphate
solutions or condensed phosphoric acid. The chemical
composition, particle size distribution, photocatalytic
activity, hue, and smoothness of the obtained samples
were investigated for cosmetic applications.

EXPERIMENTAL

Sodium pyrophosphate, Na,P,0,, was synthesised
by heating disodium hydrogen phosphate (Na,HPO,)
at 400 °C for 5 h [14]. Sodium triphosphate (Na;P;0,,)
was synthesised by heating a mixture of disodium
hydrogen phosphate (Na,HPO,) and sodium dihydrogen
phosphate (NaH,PO,) at a Na,HPO,/NaH,PO, ratio of 2/1
at 400 °C for 5 h. Sodium polyphosphate, NaPO,, was
synthesised by heating sodium dihydrogen phosphate,
NaH,PO, at 700 °C for 2 h, followed by rapid cooling.
This salt, sodium polyphosphate, is known to be
an inorganic phosphate polymer with a polymerisation
number of about 110 [15].

Various sodium condensed phosphate solutions
(phosphorus; 0.05 mol-L™") were prepared with sodium
pyrophosphate (Na,P,0,), triphosphate (NasP;0,),
and polyphosphate (NaPO;) synthesised as described
above. Pyrophosphoric acid (H,P,0,), triphosphoric
acid (HsP;0,y), and poly-phosphoric acid (HPO,)
(phosphorus; 0.05 mol-L™') were prepared with a cation
exchange resin (DOWEX TM 50WX8, 100-200 mesh)
and each condensed phosphate solution.

Zinc oxide was added to 50 mL of the above
condensed phosphate solution or condensed phosphoric
acid at a P/Zn molar ratio of 1/2 in a glass tube. These
mixtures were shaken in hot water (50 °C) at a shaking

rate of 100 times/min for 1 h [13, 14]. The powder
samples were decanted, washed with water, and dried
at 50 °C over 3 days. All the chemicals were commercially
pure (FUJIFILM Wako Pure Chemical Corp., Osaka,
Japan) and used without further purification.

The crystalline phase compositions of these
materials were analysed using X-ray diffraction
(XRD). The XRD patterns were recorded on an X-ray
diffractometer (MiniFlex; Rigaku Corp., Akishima,
Japan) using monochromatic CuKa rays. The infrared
(IR) spectra were measured on a HORIBA FT-IR 720
(Horiba Ltd., Kyoto, Japan) using the KBr disk method.
To estimate the ratios of the phosphorus and zinc in
the samples, a portion of the sample was dissolved in
a nitric acid solution. These ratios were calculated from
the results with the Agilent 4200 Microwave Plasma
Atomic Emission Spectroscopy (MP-AES). The particle
size distributions of these materials were measured using
a centrifugal precipitation particle-size distribution
analyser (SA-CP3L, Shimadzu Corp., Kyoto, Japan).

The cosmetic properties were evaluated by the
photocatalytic activity, hue, and smoothness. The
photocatalytic activity of samples was estimated with
the degradation of methylene blue upon irradiation
with a 365 nm light source [16,17]. A sample weighing
0.01 g was placed in 4 mL of methylene blue solution
(1.0 x 10 mol-L™"), and then this solution was irradiated.
The decrease in the absorption at about 660 nm was
estimated for 120 min.

The colour of the phosphate pigments was estimated
by the ultraviolet—visible (UV—Vis) reflectance spectra
using a spectrometer (UV2100; Shimadzu Corp., Kyoto,
Japan) (reference compound; BaSO,). The whiteness
was also estimated in L*a*b* colour space using
a TES135 plus colour analyser (TES Electrical Electronic
Corp., Taipei, Taiwan) (an average of 5 times).

The smoothness of the sample powder was evaluated
by static friction resistance on artificial leather using
a Portable Friction Meter 94i-11 (SHINTO Scientific Co.,
Ltd., Tokyo, Japan). The sample powder was applied
on the artificial leather and the sensor was run on it.

RESULTS AND DISCUSSION

Chemical composition and powder properties

Figure 1 shows the XRD patterns of the samples
prepared with various condensed phosphate solutions.
All the samples showed the XRD peak patterns attributed
to zinc oxide. Regardless of the type of condensed
phosphate or H/Na type, no new peaks were observed due
to the condensed phosphate treatment. Figure 2 shows
the IR spectra of the samples prepared with various
condensed phosphate solutions. In all the samples,
an absorption peak due to zinc oxide at 400 — 600 cm™'
and peaks due to phosphate at about 920 and 1130 cm
were identified. This confirmed that all the samples had
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a zinc oxide portion and a phosphate portion. The MP-
AES analysis was performed to evaluate the proportion
of the phosphate in the samples. Table 1 shows the
P/Zn ratio of the samples prepared with various
condensed phosphate solutions. The samples treated
with the H-type solutions indicated a higher P/Zn ratio
than those with the Na-type solutions. This may be
attributed to the lower pH value of the H-type solution,
which makes it more reactive.

Table 1. P/Zn ratio, L* value and static friction resistance
(S.F.R.) of the samples prepared with various condensed
phosphate solutions.

Phosphate ~ Na/H pH P/Zn L*value S.FR./-
ZnO - - 0 96.10 0.664
Pyro- Na 10.85 0.075  99.54 0.469
Pyro- H 1.38  0.121 98.11 0.441
Tri- Na 1022 0.062  97.20 0.336
Tri- H 1.87 0.134 9838 0.545
Poly- Na 6.68 0.062  98.77 0.397
Poly- H 1.86  0.131  99.73 0.538

Figure 3 shows the particle size distribution
of the samples prepared with various condensed
phosphate solutions. White pigments for cosmetics are
generally considered to be desirable in the size range
of 0.1 to 1 pm. The samples prepared in this study had
a high percentage of particles less than 1 um and were
suitable for this application size. In particular, the sample
prepared with polyphosphoric acid had the lowest
percentage of particles larger than 1 um (Figure 3f).
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Figure 1. XRD patterns of the samples prepared with various
condensed phosphate solutions, (a) Na,P,0,, (b) H,P,O,,
(¢) NasP;0,,, (d) HsP;0,,, (¢) NaPO,, and (f) HPO;, ¢ ZnO.
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Figure 2. IR spectra of the samples prepared with various
condensed phosphate solutions, (a) Na,P,0,, (b) H,P,O,,
(c) NasP;0,, (d) HsP;0,,, (e) NaPOj; and (f) HPO;.
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Figure 3. Particle size distribution of the samples prepared
with various condensed phosphate solutions, (a) Na,P,0,,
(b) HyP,03, (¢) NasP;0,, (d) HsP3Oy, (¢) NaPO; and (f) HPO,.

Cosmetic properties

Figure 4 shows the photocatalytic activity of the
samples prepared with various condensed phosphate
solutions. Methylene blue was decomposed with the
original zinc oxide using UV radiation (Figure 4b).
On the other hand, the samples treated with the H-type
solutions showed a high residual ratio of methylene blue
(Figure 4d, f, h), indicating that their photocatalytic
activities were low. In particular, the photocatalytic
activities of the samples prepared with triphosphoric acid
and polyphosphoric acid were low. The phosphoric acid
treatment formed zinc phosphate on the particle surface,
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which has no photocatalytic activity [11, 12], which may
have reduced the overall photocatalytic activity of the
sample powder. The samples treated with the Na-type
solution showed relatively high photocatalytic activity
(Figure 4c, e, g). This was due to the low reactivity of the
Na-type solution, which resulted in less zinc phosphate
formation. In particular, the sample prepared with the
sodium polyphosphate solution showed photocatalytic
activity comparable to that of zinc oxide.
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Figure 4. Photocatalytic activity of the samples prepared with
various condensed phosphate solutions, (a) blank, (b) original
ZnO, (c) Na,P,0;, (d) H,P,0; (e) NasP;Oy, (f) HsP;0y,
(g) NaPO, and (h) HPO,.
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Figure 5. UV-Vis reflectance spectra of the samples prepared
with various condensed phosphate solutions, (a) Na,P,O,,
(b) HyP,03, (¢) NasP;0, (d) HsP3Oy, (¢) NaPO; and (f) HPO,.

Figure 5 shows the UV-visible reflectance spectra
of the samples treated with various condensed phosphate
solutions. All the samples showed high reflectance

in the visible light region. Since zinc phosphate shows
high reflectance in the UV region, it was expected to
show some reflectance in that region. However, all of the
samples prepared in this study showed weak reflectance.
This may be due to the fact that the ratio of zinc phosphate
was too small.

The colour of sample powder was also estimated
by L*a*b* colour space. The L* values of the samples
prepared with various condensed phosphate solutions are
shown in Table 1. Note that the a* and b* values are not
shown because they are all close to 0. All the samples
showed higher L* values than zinc oxide, indicating that
the obtained samples are suitable as white pigments.
These L* results corresponded to the UV-Vis reflectance
spectra of the samples.

Asmentioned above, pigments with high smoothness
spread better on the skin. Therefore, the smoothness
ofthe powders is also important in cosmetics [ 18]. Table 1
shows the static friction resistance values of the samples
prepared with various condensed phosphate solutions.
Low static frictional resistance means high smoothness.
All the samples prepared in this study showed higher
smoothness than the original zinc oxide, indicating that
they are suitable as white pigments for cosmetics.

CONCLUSIONS

Zinc oxide was shaken in various condensed
phosphate solutions or condensed phosphoric acid.
In this process, some of the zinc oxide reacted with
the zinc phosphate. In particular, the samples prepared
in the H-type solutions reacted more to zinc phosphate
than the sample prepared in the Na-type solution.
The samples prepared in this study contained a high
proportion of particles less than 1 pm, which are suitable
for white pigments in cosmetics. The sample prepared
using polyphosphoric acid had the lowest ratio of particles
larger than 1 um. Furthermore, the photocatalytic
activity of the sample prepared using triphosphoric
acid or polyphosphoric acid was extremely suppressed.
The obtained samples had sufficiently high reflectance
in the visible light region. The samples prepared in this
study exhibited higher whiteness (L*) than the original
zinc oxide. All the samples had higher smoothness than
the zinc oxide. The results of the particle size distribution
and photocatalytic activity indicate that the sample
prepared with polyphosphoric acid is the most suitable
white pigment for cosmetic use.
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