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Texture Improvement

Jin-Hwa Lee . Ju-Yeol Han, Sang-Gil Lee, Hyeong-Bae Pyo, and Dong-Kyu Lee*

R&D Center, Hanbul Cosmetics Co., 72-7, Yongsung-ri, Samsung-myun, Umsung-kun, Chungbuk 369-830, korea
*Department of Industrial Chemical Engineering, Chungbuk National University

ok 20~30 nm A7 E ZE vk Ae]2 ZnO YAE EE, #W A, vk A, dlelzE, 23A9 FEEA oy 4
okl A AREE I gloh BHH SAE AddolME v vE 3719 7n0 dAbE UV A9E8d5 a2 dojay &3
FAANIE 2AZA AEET Aok 28U &5 Zn0 JAE AEC] ALY E u ALY gstE 98 o ARg-go) AT
Hi e AAorh Wk £ mRoMe A7 B Al E4E oW Zn0 EdY EAL fA s BAE s
71 9438 SR ARl e AMEE T gle AlgAlele, REVoEdo|E, BARASAZZ ol =g} e FARA ] yx
Alo] = ZnO7F Z¥E 1754 FEGRAE sttt B =RdaE dedAwd o3 HrEREANE AU Zngoz
A ZnClo7t AHEHE 2 A A A 25 hexamethylenetetramine (HMT)¥ ureaZ A&38l9ivl. HdW42A SREYY &
Aol 7, AMHAY %, 9= HheAzte WEAA APstEh dAE Fr1ESEAY Fu, A w3,
UV-Agazs #4237 9l&) zZb2 FE-SEM, XRD, FT-IR, TGA-DTA, In vitro SPF ®|2E 7]7]|5 o] &sto] 3g)
AE FUIEFEAE dolay AF HEAA AHEF HAESG B Ag Az dAEAe FFe AEgle] o

A BoA Vea7] Zn0 YAV ddE 2EEHAY ZHE $4EAE ZU2E oA Eol HEAA A&t
AT HEA 559 B2 A3 ZasHE W AdAHE 34 dF, A7 A 2 BEE g anE d8 &

e =2 O

[

g {7
)
o,

o
32
0

M ox -

o
e

> o

o IN ol

30
3
)

Abstract: Nano sized ZnO particle as 20~30 nm applies for material, pigments, rubber additives, gas sensors, varistors,
fluorescent substance as well as new material such as photo-catalyst, sensitizer, fluorescent material. ZnO with a particle
size in the range 20~30 nm has provided to be an excellent UV blocking material in the cosmetics industry, which can be
used in sunscreen product to enhance the sun protection factor and natural makeup effect. But pure ZnO particles application
limits for getting worse wearing feeling. We make high-functional inorganic-composite that coated with nano-ZnO on the
plate-type particle such as sericite, boron nitride and bismuthoxychloride. In this experiment, we synthesized composite
powder using hydrothermal precipitation method. The starting material was ZnClz Precipitation materials were used hexame-
thylenetetramine (HMT) and urea. We make an experiment with changing as synthesis factors that are concentrations of
starting material, precipitation materials, nuclear formation material, reaction time, and reaction temperature. We analyzed
composite powder's shape, crystallization and UV-blocking ability with FE-SEM, XRD, FT-IR, TGA-DTA, In vitro SPF
test. The user test was conducted by product's formulator. In the results of this study, nanometer sized ZnO was coated
regardless of the type of plate-powder at fixed condition range. When the coated plate-powders were applied in pressed
powder product, the glaze of powder itself decreased, but natural make-up effect, spreadability, and adhesionability were
increased.
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1. Introduction

Typical UV-blocking materials were used by organic
and inorganic materials. Generally, organic UV-ab-
sorbers show effective UV-B (290~320 nm) absorption
property, but doesn't show with modest UV-A (320~
400 nm) absorbing ability. Also, they posed a safety
problem when used at high concentrations. Inorganic
UV blockers act mechanism with blocking vibration,
diffraction, reflection and so on. The fine powders of
cerium oxide, titanium oxide and zinc oxide have ideal
characteristics for use as a broad-spectrum inorganic
UV radiation blocking material in personal-care prod-
ucts. In many inorganic UV blocking materials, tita—
nium oxide fine particles have been used and it has
the best blocking ability of inorganic UV blocking
materials[1,2]. The titanium oxide fine particles not
only blocked UVA and UVB but also had drug—proof
property and the safety of human health and skin.
Their high refractive indices, however, can make the
skin look unnaturally white, and their high photocata—
lytic activity facilitates the generation of reactive ox-
ygen species, which can oxidize and degrade other
ingredients in the formulation. On the other hands, zinc
oxide possessing a lower refractive index was rela—
tively transparent to visible light and appears natural
on the skin without imparting an excessively pale
white look, but has excellent UV radiation absorption
properties. Zinc oxide has little impurities, anti—bacteria,
and deodorization as well as good blocking ability in
broad spectrum. Zinc oxide is a good material to over-
come titanium oxide's transparency problem and to be
safe for human’s skin, and that was effective inorganic
sunscreens, which are popularly used in the cosmetic
industry nowadays[3-6]. Also, zinc oxide has been used
in a wide variety of technological applications including
sensor devices, electro-luminescent devices, semicon—
ductor devices, piezoelectric materials, and optical wave-
guides, as a catalyst.

Inorganic UV-blockers had defaults such as deteri-
orating adhesion properties, having rough on the skin,
having high reflection index and high covering-ability.
We used coating base with many characteristics such
as ultra—fine and plate type particle materials that used
in the cosmetic industry. These materials were mica,
boron nitride and bismuthoxychloride. We used hydro-
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thermal precipitation method because it synthesized
ultra—fine particles that metal salts and precipitation
materials were mixed with liquid stats and then, we
gained metal oxide materials by heating procedure.
This method could control the morphology, size and
distribution of synthesized composites with many Kkinds
of variables, such as the concentration of zinc chloride,
precipitation, sorts of precipitation materials, reaction
time, reaction temperature, and nuclear generation agent
[7-17]. We analyzed composite powder's shape, crys-
tallization and UV-blocking ability with FE-SEM, XRD,
FT-IR, TGA-DTA, and in vitro SPF test.

2. Experimental

2.1. The Pretreatment Procedure of Coating
Base Powder

The pretreatment carried out mica, boron nitride (the
following BN) and bismuthoxychloride (the following
BOC) with dilute hydroxy chloride for 2 h. And then,
after drying at 100C for 24 h, we used pretreated-
base-powders. The pretreatment worked the decom-
position of organic materials and impurities in coating
base materials. And it was easy to coat procedure with
attaching the hydroxy group.

2.2. The Synthesis of Zinc Oxide with Hydro-
thermal Precipitation Method

We used starting zinc chloride (ZnCly) as salt. We
used two kinds of precipitation materials for testing
effect of precipitation kinds. First precipitation ma-
terial used HMT, so to speak, hexamethylenetetra-
mine (CsHi2N4). Second precipitation material used urea
(NHzCONHy).

A chemical reaction formula as first precipitation
material HMT. A chemical reaction formula as second
precipitation material urea.

(CHp)gNs + 6H20 — 6HCHO + 4 NHjs
NH2CONHz + HoO — 2NH3 + CO»
NH; + H:O — NHg+ + OH

NH; + H:O — NHs+ + OH

We used a waterbath for controlling a constant tem-
perature and stirrer for homogeneous mixing. We mixed
starting salt material and precipitation material with
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aqueous states for lhr. After then, mixed solution was -

stirred with keeping with 80C for 1 h. Adding am-
monium hydroxide (NH4OH) as nuclear generation
material, we varied the reaction time. The reacted
material was filtered and washing with warm distilled
water and then, was filtered again. After upper proc-
ess, dried at 100C for 24 h. We varied the starting
salt material concentrations from 0.05 M to 0.2 M. For
evaluating the effect of precipitation concentration, we
varied HMT concentration from 0.06 M to 02 M and
varied urea concentration from 1 M to 5 M. Table 1
showed the experimental condition and variables.

3. Results and Discussion

3.1. The FE-SEM Analysis of the ZnO Coated-
particles

The size of synthesized particles had from 20 nm to

30 nm and the shapes of synthesized particles were

rod type, sphere type, and board type. Figure 1 showed

that the higher ZnCl> concentration, the larger particles
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quantity of coated materials. When ZnClz concentration
was 0.1 M, the particles of coated materials were
sphere type and homogeneous state, but under 0.1 M,
the particles of coated materials didnt coat ZnQ
because of early terminating nuclei generation and
growth reaction. Over 0.15 M, the particles of coated
materials were from rod type to board type because of
overgrowing the nuclear generation and increasing the
particle for priority growth direction. Figure 2 showed
the particles synthesized at different HMT concentra-
tion. When HMT concentration was 0.056 M (Figure 2(a)),
the particle shape was the middle shape between rod
type and sphere type because hydrolysis reaction of
HMT happened slowly and pH of materials increased
so slowly. Figure 2(b) shows when HMT concentration
was 0.1 M, the particle shape was sphere type and the
coating area was increased. But, Figure 2(c) shows
when HMT concentration was 0.2 M, the particle shape
was changed from sphere type to rod type because
nuclei were excessively generated and ZnO grew rod
type. Figure 3 showed the particles synthesized at dif-

Table 1. Synthesis Conditions of Mica, Boron Nitride, Bismuthoxychloride-ZnO Composite

Materials
S Starting Mat. Precipitation Matrials Nuclear Mat. Reaction Time | Reaction Temp.
ample No. .
ZnCls Con. HMT Con. Urea Con. NH,OH (h) ()
(mol/L) (mol/L) (mol/L) (mL)
SZ 1 0.05
SZ 2 0.1
K 015 01 5 12 8
SZ 4 0.2
SZ 5 3
SZ 6 0.1 01 5 7 80
SZ 7 12
SZ 8 0.05
SZ 9 0.1 0.1 5 12 80
SZ 10 0.2
SZ 11 1
SZ 12 0.1 3 5 12 80
S7 13 5
SZ 14 1
SZ 15 0.1 3 5 12 90
SZ 16 5
SZ 17 3
SZ 18 0.1 0.1 5 12 80
SZ 19 7
SZ 20 70
SZ 21 0.1 0.1 5 12 80
SZ 22 90
BZ, BOZ 1 0.1
BZ BOZ 2 02 0.1 5 12 80
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Figure 3. SEM photographs of synthesized composite from urea concentration (a) SZ11, (b) SZ12, (¢} SZ13, (d) SZ14, (e)

SZ715, (f) SZ16.

ferent urea concentration. Figure 3(a), (b), (c) were
synthesized at reaction temperature 8)C and Figure
3(d), (e), (f) were synthesized at reaction temperature
90C. When Urea concentration was so low, the hy-
drolysis rate of urea was slow and reaction nuclei
didn't make coated-particles (Figure 3(a)). When Urea
concentration was so high, the hydrolysis rate of urea

e dEats), A 304 Al 2 5, 2004

was fast and reaction nuclei made board-type particles
(Figure 3(c)). The higher reaction temperature worked,
the smaller coated-areas became. But, HMT as precipi-
tation was better than urea because HMT was the
faster hydrolysis rate than urea and generated many
reaction nuclei. Figure 4 and 5 show the coated-
particles of BN and BOC with coating base powder at
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Figure 4. SEM photographs of synthesized composite
from BN-ZnO (a) BZ1, (b) BZ2.

T @ (b)
Figure 5. SEM photographs of synthesized composite
from GLO-ZnO (a) BOZ1, (b) BOZ2.

best coating conditions.

3.2. The Analysis of FT-IR

After coating 7ZnO on mica, dry at 100C and then,
sintered at 300C, 500C, and 700C. Figure 6 showed
the result of FT-IR at different calcined temperature.
Figure 6 shows Al-O bond at 1070 cm™. 1100 cm’’
was piled up 1070 cmwl, and it was larger than other
peaks. After sintering at 500~700°C, 3600 cm ' peak
proved zinc hydroxy salt radical that was evidence of
reaction material as OH radical. But, this peak didn't
appear at 700°C, because the decomposition of OH and
salt in zinc hydroxy salt occurred to reduce the mass
at 600C in TGA-DTA curves. After sintering, ZnQO
peak generated 480 cm’,

3.3. The Analysis of XRD Patterns

Figure 7 shows the XRD patterns of BZ2 specimen
in BN-ZnO composites that were made by changing
sintering temperatures. This result matched JCPDS value
and we knew that the particle structure of this
specimen was hexagonal type. Coated-ZnO particles
looked like sphere type with FE-SEM in spite of being
anisotropy, because many nuclel with critical size grew
into about 0.5 nm to 5 nm with first growth. And then
first-growth particles formed second-particles of sphere
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Figure 6. FT-IR spectra of SZ 4 from (a) pure mica, (b)
3007C, (c) 500TC, and (d) 700°C.
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Figure 7. XRD patterns of BZ2 from various sintering
temperature at 300°C, 500C, and 700C.

type by equal aggregation. The XRD patterns of S7Z4
and BOZ2 was similar to the results of BZ2.

3.4. The Analysis of TGA-DTA

Figure 8 shows the TGA-DTA peak of BZ2. The
major mass reduction at 180C was occurred by the
decomposition of water and organic materials. The
mass reduction at 450C and 650°C were occurred by
the decomposition of OH and Cl radicals in hydroxy-
salt.

J. Soc. Cosmet. Scientists Korea, Vol. 30, No. 2, 2004
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Figure 8. TGA-DTA curve of synthesized composite from
BZ 2.

3.5. The Analysis of /In-vitro SPF Test and
User Test

Table 2 showed the results of in vitro SPF and
UVA blocking ability. The results were important to
compare relatively uncoated specimens (sample A, B,
C) and ZnO coated plate type materials (sample D, E,
F). The result of in-vitro SPF test were not useful to
determine an absolute value but useful to compare with
others. The results of in-vitro SPF were increased
over 10 by coating or non-coating. In specially, BOC
had relatively high SPF data because it had relatively
higher reflexive index and covering ability than mica
and BN. Table 3 showed formulation of pressed power.
Table 4 confirmed that the application sense of un-—
coated materials was deteriorated, but adherence sense
was enhanced. ZnO fine particles had good adherence
sense and good absorbance of smegma. Using the
press type cosmetics, it enhanced cosmetic lasting
effects. The spread effects of EX-4 and S/T samples
were not different but EX-5 as substituting for same
amount of pure ZnO remarkably deteriorated sensory

Table 2. The Results of in vitro SPF and UVA Blocking Ability

feeling and spreadabilty. Because coating procedure could
make two powders as ZnO and plate powders with one
powder and, it could make highly covering ability, mal-
leability and extensibility. In addition, it could give
natural and transparent feeling, and could remarkably
reduce shinning feeling. From upper effects, this pro-
cedure overcame the default of cosmetic formulas
limitation such as about 10.00% as well as had good
product characteristics.

4. Conclusions

In this study, hydrothermal precipitation method was
used to synthesis functional inorganic composite powder
having narrow ZnO coated plate particle distribution.
The optimal coating condition was - determined by
variation of concentrations of starting material, precip—
itation materials, nuclear formation material, reaction
time and reaction temperature.

(1) We used HMT and urea as precipitation agent.
This study showed that HMT possessed superior
characteristics of precipitation agent than urea. Because
the hydrolysis rate of HMT was more fast than that
of urea, the reaction could be happened as uniform and
simultaneous.

(2) When the reaction temperature was increased, the
rate of hydrolysis grow up, then the amount of coated
7n0 was increasing and the shape of coated ZnO
maintained sphere type. But, when the reaction tem-
perature be more than 90C, the rate of hydrolysis so
high, then the shape of coated ZnO was needle type.

(3) The coated ZnO particle maintained the original
shape after calcinations of 700C. From XRD data,
hexagonal 7ZnO was synthesized at 300C, and pure
7n0O was synthesized at 700C.

(4) According to in-vitro UV blocking test, the
functional composite powder sample was higher than

UVB blocking ability UVA blocking ability
Sample No. - — -

In vitro SPF Critical Wavelength (nm) UVA/B ratio
Sample A (Pure mica) 1.28+0.02 385.2 0.590+0.025
Sample B (Pure BN) 2.6210.07 379.3 0.555+0.005
Sample C (Pure BOC) 7.60+0.71 386.9 0.7260.009
Sample D (ZnO coated mica) 12.90+1.70 3896 0.8721+0.006
Sample E (ZnO coated BN) 13.90£0.09 390.2 0.936£0.007
Sample F (ZnO coated BOC) 19.60x0.70 387.7 0.946=0.005
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Table 3. Formulations for Pressed Powder Foundation with Various ZnO Coated Plate Powder

<5 Exellent 4: Good 3: General 2: Bad 1: Worst >

non—coated powder beyond decuple. Because UVA/B
ratio above 0.8, we could confirm that this sample
possessed the blocking ability of broad spectrum. When
the coated plate-powders were applied in pressed
powder product, the glaze of powder itself decreased,
but natural make-up effect, spreadability, and adhe-
sionability were increased.
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