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Abstract : Pearlescent pigments have been widely used in cosmetic applications. Up to date: the most widely used
pearl effect pigment is the mica-based pigment, which uses natural mica as the substrate that is in turn coated with
metal oxide interference layer. However, when natural mica is employed as a base material the final product often
has a yellowish color, mainly due to the fact that natural mica contains low levels of iron as an impurity[1,2]. This
study was focused on developing a pearl pigment which might have a similar sparkling effect as snow. This effect
was found to be due to its structure and purity, and this concept was also applied fo development of our pearl
pigments. More specifically, this invented pearl effect pigments are the mixture of glass-flake and glass-flake coated
metal oxides and present the optical properties of snow matrix such as refractive index and particle size, unlike only
the glass-flake or glass-flake coated metal oxides to be applied in. Using base material having similar physical proper-
ties (refractive index and particle size) as snow matrix as platelet for pearl effect pigments, these invented pigments
present a three-dimensional glittering effect of the snow matrix. With this invented pigments an applied: we ach-
leved the beauty of snow crystal from makeup products containing these pigments.
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1. Introduction

Pearl effect pigments are developed and manufactured
in a small minority of countries, especially Germany,
USA, Korea, and China, and applied in cosmetics,

households, ink, wallpapers, printing, plastics, and auto-.

motives to manufacture value-added products[3].

Conventional pearl effect pigments have been ach-
leved through coating processes in which base materials
such as mica, platelet alumina, and platelet silica are
coated with titanium dioxide or other metal oxides[4].
The color and the effect of pearl effect pigments are
established, according to the specific type, thickness,
and particle size of base materials and the specific type
of coating metal oxide. Among these base materials,
mica is known to be easily broken into thin layered
flakes.

Chemical compounded platelet silica and platelet alu-
mina have some advantages, such as high purities and
even particle size distributions(5], In the case of plate-
let silica-based pigments, the interference effect is
stronger than the glittering effect since silica has its
own interference effect on the viewing angle[6,7]. On
the other hands, the particle size of alumina-based pig-
ments is too small to present a desirable glittering ef-
fect of the snow matrix.

The purpose of this invention was to develop pearl
effect pigment to present the three-dimensional beauty
of snow mafrix. To solve the above-mentioned prob-
lems, a suitable base material having the similar re-
fractive index and particle size of the snow crystal was
selected to present the glittering effect of the snow
matrix, Using the aggregated property of glass flake,
we achieved the three-dimensional beauty of snow
matrix.

2. Materials and Methods

Snow exhibits a sparkling effect due to the following
factors: it is a hexagonal & bisymmetric crystal net-
work, is transparent, and has a low refractive index[8].
These three factors were considered in the development
of our new pearls with the addition of narrow particle
size distribution to avoid scattering of light. Among the
various substrates tested, glass-flake was shown to
have the most similar properties to those of snow.

To achieve the above-mentioned purpose, this in-
vention proposed that glass-flake and glass-flake-coat-
ed metal oxides were suitable. For glass-flake-based
pearl effect pigments in this invention, the surface of
glass-flake was firstly coated with silica and metal ox-
ides such as titanium dioxide and iron oxides having
the refractive index 1.3 ~ 3.0. Regarding the glass-
flake, the mean particle size was 10 ~ 500 um, the
thickness was below 5 ym, and the shape was platelet.
The type of glass-flake was one of A, C, or E glass. The
thickness of metal oxides was 10 ~ 300 pm. In the mix-
ture of glass-flake and glass-flake-based pearl effect pig-
ments, the desirable ratio of glass-flake and glass-
flake-based pearl effect pigments was 1 @ 1to 10 : 1,

The purpose of this invention was to develop the
pear] effect pigments having the snow matrix effect
with glass-flake and glass-flake-coated with metal
oxides.

The snow matrix effect is, when the incident light is
reflected on the surface of the aggregated snow, the
reflected light presents the three dimensional glittering
effect with various color shade unlike the plane glitter-
ing effect of conventional pearl effect pigments.
Compared to other pearl effect pigments, glass-flake
has the aggregated property. Mixture of glass-flake
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Glass-flake

Invented pigments

Snow matrix effect

Figure 1. A simplified the illustration of the snow matrix effect of pear]l pigments,
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1aving the aggregated property and glass-flake coated
vith metal oxides having the reflection property pres-
mts the snow matrix effect. In other words we can
ichieve the pearl effect pigments having the snow ma-
rix effect.

Metal oxides having the strong reflection property
vere coaled on the surface of glass-flake and mixed
with pure glass-flake having a strong aggregating
sroperty[9]. This mixture of glass-flake and glass-
lake coated with metal oxides formed an effect similar
0 snow matrix, The surface of this mixture reflected
he incident light to various angles and presented the
‘hree-dimensional glittering effect with various color
shades.

The desirable ratio of pure glass-flake and glass-
lake coated with metal oxides was 1 : 1 to 10 : 1in
‘he mixture. With a ratio of pure glass-flake below 50
%, it was difficult to present the snow matrix effect
lue to weak aggregating property. With ratio of pure
slass-flake was over 10 times of glass-flake coated
netal oxides, the glittering effect was decreased due to
weak light reflection property. In the glass-flake coated
vith metal oxides, silica was coated on the surface of
wure glass flake: it was the protective layer and kept
he safety for the skin[10].

The mean particle size of pure glass flake was 10 ~
00 pum and more desirably 10 ~ 200 um. The thick-
1ess of pure glass-flake was below 5 ym and more de-
irably below 2 pym. This material was transparent or
semni-transparent to minimize the scattering of the in-
ddent light and maximize the glittering effect. The
hhickness of metal oxides which is coated on the base
naterial was 10 ~ 300 ym. According to the specific
ype, thickness and particle size of metal oxides, light
nterference effects and color shades were different. To
ichieve various color shades, the above-mentioned
hickness of metal oxides was desirable,

The types of pure glass-flake were A, C, and E, and
il types were available for cosmetic use. A type of
wre glass-flake is soda-lime glass, and the content of
sodium is more than potassium and calcium carbonate.
 type of pure glass-flake, namely chemical glass, has
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a strong tolerance for erosion by acid and water and
contains zinc oxide and other oxides. E type of
glass-flake, electronic glass, is applied in electronic in-
dustries, stable in high temperatures but easily dam-
aged by chemicals.

2.1. Experiment 1

1) To achieve pearl effect pigments having the
physical properties of the snow matrix manufactured
the glass-flake coated with metal oxides. Through the
milling and classification process, we used glass-flake
that having the particle size 20 ~ 150 ym and the
thickness below 1 ym and for the skin safety the sur-
face of glass-flake coated with silica. And then tita-
nium dioxide is coated on the top of glass-flake coated
with silica and the thickness of coated titanium dioxide
is 30 to 80 um.

» Slica

Glassflake (< 1 pm) by Titaniurm dioxide (< 60 pm)

Figure 2. An illustration of invented pigments on article 1.

Figure 3. SEM picture of invented pigments on article 1.
2) Using platelet mica as base material for pearl ef-

fect pigments, and other process follow up the same
procedure,
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Mica " F— Titanium dioxide

Figure 4. The illustration of invented pigments on article 2.

Figure 5. SEM picture of the invented pigments on article 2,

3) Using platelet alumina as base material for pearl
effect pigments, and other process follow up the same
procedure,

Alumina —— Titanium dioxide (< 60 um)

Figure 6. The illustration of invented pigments on article 3,

Al, 0, Flake coated with TiO2
T 2,

Figure 7. SEM picture of the invented pigments on article 3.

4) Using platelet alumina as base material for pearl
effect pigments, and other process follow up the same

thetalAEota] ), Al 34 Al 3 & 2008

procedure.

Silica —— Titanium dioxide {< 60 um}

Figure 8. The illustration of invented pigments on article 4.

SiO, Flakes

Figure 9. SEM picture of the invented pigments on article 4.

2.2. Experiment 2

Article 1, 2 3 and 4 of Experiment 1 are mixed with
pure glass-flake, analyzed which mixture presents the
most suitable for snow matrix effect.

Mixed with glass-flake and glass-flake coated metal
oxide, mica, and platelet alumina,

1) 80 % Glass-flake and 20 % glass-flake coated
metal oxide

2) 80 % Glass-flake and 20 % mica coated metal
oxide

3) 80 % Glass-flake and 20 % platelet alumina coat-
ed metal oxide ,

4) 80 % Glass-flake and 20 % platelet silica coated
metal oxide

2.3. Experiment 3

Applied in eye shadows. Each wt% of mixture with
glass-flake on Experiment 2 is applied in makeup
products.

2.4. Experiment 4

Applied in lip-gloss. 5 % of mixture 1, 2, 3, and 4
were applied in makeup products, lip-gloss as the below
procedure.,
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Table 1. Eye Shadows Used a Material of Experiment 2

Makeup 1 Makeup 2 Makeup 3 Makeup 4
Tale 55.50 55,50 55.50 55.50
Mica 10.00 10.00 10.00 10.00
Mixture 1 30.00 - - -
Mixture 2 - 30.00 - -
Mixture 3 - - 30,00 -
Mixture 4 - - - 30.00
Colorants 3.00 3.00 3.00 3.00
Aluminum Stearate 1.50 1.50 1.50 1.50
Table 2. Lip-gloss Used a Material of Experiment 2
Makeup 5 Makeup 6 Makeup 7 Makeup 8
Bees wax 4.00 4,00 4,00 4,00
Polybutene 25.00 25.00 25.00 25.00
Polyglyceryl isostearate 25,00 25.00 25.00 25.00
Glyceryl diisostearate 10.00 10.00 ‘ 10.00 10.00
Diisostearymalate 26.50 26.50 26.50 26.50
Mica 3.00 3.00 3.00 3.00
Titanium dioxide 0.50 0.50 0.50 0.50
Yellow No. 5 Lake 0.30 0.30 0.30 0.30
Red No. 6 Lake 0,20 0.20 0.20 0.20
Mixture 1 5.00 - - -
Mixture 2 - 5.00 - -
Mixture 3 - - 5.00 -
Mixture 4 - - - 5.00
Preservatives a.s a.s q.s q.8
Perfume as a.s as as

1) Weigh 1 ~ 6, heat to 90 C and mix using a
homogenizer.

2) Weigh 7 ~ 9, add to 1) and disperse.

3) Weigh 10 ~ 15.

4) Heat to 75 ~ 85 C 2), add 3) to 2) with stirring
by homogenizer. Devaporize the vapor and add
perfume. Package.

3. Results and Discussion

3.1. The Test Result of Experiment 1

To evaluate the presentation of the snow matrix ef-
fect, Table 3 shows the test result of article 1, 2. 3,
and 4,

As above Table 3, the refractive index of platelet
alumina and platelet silica is very similar to the snow
crystal. But in the case of the glittering effect of plate-
let silica, both of titanium dioxide and silica presents
the light interference effect, so the glittering effect is
not maximized. In the case of platelet alumina, the glit-
tering effect of platelet alumina is minimized under the
weak light source and mica is easily broken to smaller
particle sized flakes so the incident light is widely scat-
tered to decrease the glittering effect. On the other
hand glass-flake-coated titanium dioxide reflects the
almost of the incident light, the glittering effect is the
most suitable to develop the pearl effect pigments of
snow matrix and the refractive index is similar to the

J. Soc. Cosmet. Scientists Korea, Vol. 34, No. 3, 2008
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Table 3. The Test Result of Article 1, 2, 3, and 4

1. Refractive index of base material

2. Glittering effect

3. Even particle size distribution

Article 1 © @) ©
Article 2 x 0 X
Article 3 @) X o)
Article 4 (@) 0 x
1. © : Very similar refractive index of base material to snow crystal.
O : Somewhat similar refractive index of base material to snow crystal.
x @ Totally different refractive index of base material to snow crystal.
2. © : Very similar glittering effect to snow crystal.
O : Somewhat similar glittering effect to snow crystal.
x : Totally different glittering effect to snow crystal.
3. © : Very even particle size distribution (D50 > 90 %).
O : Somewhat even particle size distribution (90 % > D50 > 85 %).
x 1 Not even particle size distribution (85 % » D50 > 80 %).

Table 4. The Degree of the Similarity to the Glittering Effect of Snow Matrix

Degree of the similarity to the glittering effect of snow matrix

Mixture 1
Mixture 2
Mixture 3
Mixture 4

©
0

X

% © : Very similar to the glittering effect of snow matrix.

O : Somewhat similar to the glittering effect of snow matrix.

x : Not similar to the glittering effect of snow matrix.

snow crystal, 1.3. The particle size distributions of
glass-flake-coated titanium dioxide, platelet silica and
alumina are very even but mica is broad due to the
smaller particle sized flakes, Therefore, glass-flake-
coated metal oxides is the most suitable to develop the
pearl effect pigments. '

3.2. The Test Result of Experiment 2

As above Table 3, the glittering effect of glass-flake
coated metal oxide mixed with glass-flake presents the
most similar to snow matrix. Glass-flake reflects the
incident light for the glittering effect but platelet silica,
platelet alumina mica are not strong for the glittering
effect as much as glass-flake,

3.3. The Test Result of Experiment 3 and 4

Above makeup products were provided to 20 ~ 40
aged 30 women, and evaluate the sensory test such as
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safety, adhesion, feeling (bearing effect, tough and
rough) and glittering effect. And evaluate each param-
eter from 1 to 5 and the test was 5 times followed up.

As above Table 5, Makeup 1 containing the mixture
of glass-flake and glass-flake coated with metal oxide
presents the strongest glittering effect. Others, safety,
adhesion and feeling presented good or very good
performance.

As above Table 6, Makeup 5 containing the mixture
of glass-flake and glass-flake coated with metal oxide
presents the most strong snow matrix effect.

The glass-flake has the hexagonal and bisymmetry
crystal structure as snow. Since the incident light is re-
flected, refracted, and transmitted on crystals, the glit-
tering effect occurs in the crystals without loss of light.

To produce the similar glittering effect of snow, we
used the transparent glass-flake as the substrate. The
glass-flake has no impurities, similar to the character of



Table 5. The Evaluation for Each Parameter
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Table 6. The Evaluation for Each Parameter

Parameter Makeup 1 Makeup 2 Makeup 3 Makeup 4

Safety 5.0 45 38 34
Adhesion 46 45 42 44
Feeling 48 46 48 41
Glittering 45 38 35 4.0

¥ 50 Very good performance.
1 Poor performance.

snow, compared to the conventional substrates. Also,
we were able to control light scattering by keeping the
particle size distribution of these pigments to be narrow.

In addition, the refractive index of snow crystal is
very low (ng® @ 1.31). The glass-flake leads to an in-
creased gloss of the interference pigments, The reason
for that is a lower refractive index of glass-flake (ng”
: 1.5) compared to conventional substrate (ndzo 2 1.6)
leading to a higher refractive index gap between the
substrate surface and the metal oxide coating. Low re-
fractive index improves high reflection and refraction to
lead color purity. Application of these new pearl pig-
ments in makeup products resulted In sparkling effects
similar to that of snow.

4. Conclusion

We applied the principle of why snow has the spar-
kling effect. This invented pearl effect pigments is the
mixture of pure glass-flake and glass flake coated with
metal oxide. Comparing that only glass-flake is applied
in, this invented pigment presents the snow matrix ef-
fect and the physical properties such as refractive index
and particle size are most similar to snow matrix effect
such as glittering effect because glass-flake, the most
similar to the snow crystal is used for base material of
pear] effect pigments, These invented pigments are ap-
plied in makeup products to achieve the beauty of

. E ticle si
Snow matrix effect ven partice size

distribution
Makeup 5 45 4.6
Makeup 6 3.8 3.2
Makeup 7 3.6 35
Makeup 8 4.0 3.9

¥ 5! Very good performance.
1: Poor performance,

snow matrix to present the three dimension glittering
effect with various color shades.
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