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Abgtract: Due to the high UV light scattering effect of Zinc oxide (ZnO), it is frequently used in sunscreen skincare
products. Recently ZnO coated with silica has been used in cosmetics to improve UV protection, texture, decreased pho-
tocatalytic activity, dispersibility and stability of the skin care product.

In this study, we developed a ZnO composite powder coated with silica for the future application to skincare products
to block UV rays that could cause photoaging. To improve consumer’s satisfaction rating, we used ZnO microparticles
which are widely used in the cosmetics industry. The silica was coated using hydrotherma method with sodium dlicate
and acid hydrolysis.

UV protection of the composite powder was analyzed by UV-Vis and in-vitro test and the advantages for practica use
of this powder as a skincare product were determined.
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Table 1. Formulation of Reaction Conditions for SO, / ZnO Particles Synthesis

No. Zn: S Mole Raio H,O (mL) Sulfuric Acid (pH) Nitric Acid (pH) Hydrochloric Acid (pH) Temp (C) Time (h)

1 8

2 1:010 100 9 80 2

3 10

4 8

5 1:010 100 9 80 2

6 10

7 8

8 1:010 100 9 80 2

9 10

10 1:010

11 1:015 100 9 80 2

12 1:025

13 1:010

14 1:015 100 10 80 2

15 1:025

16 1:010

17 1:015 100 9 80 2

18 1:025

19 100

20 1:025 300 10 80 2

21 500

22 60

23 1:025 100 10 80 2

24 100

25 2

26 1:025 100 10 80

27 24
100 ~ 500 mLE A Fek23 REE7)e] ¥ gk 1010 ~ 1: 0.25% A TAESF &9& T4
&5 E 250 rpme.2 3] 45 min ¢ whksle] 112 % 250 rpm WHFEEZ 30 min wHkske] FEoh wHk
Al EAkn = 30 min 52 A st F 4k ZulE pH 8 ~ 102 FAStES H7lska 2
P2 3 E FEE Hog Fiketch W ~ 24 h BN WAL WHEEE & EEES NS
Nds 918l S/ Al BAakg skstold g-of 7 A" E& AAsH] 8 FFRTE o83ty
< 60~100 CTE 7}& H-8-7lol zn: S &= ¥ 1 3] FAsaL, 100 CollA 24 h ¢ A=A A
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Stirring for 45 min and
Ultrasonication for 30 min

fdding Sodium Silicate Solution at
Stirring for 30 min
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tdding acid catalvst at Stirring

l

Washing by water

Drying at 100 °C for 24 h

Figure 1. Synthetic process of SO, / ZnO particles by
hydrothermal method.
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Atk A= 757 42 A4 w337 (fourier
transform infrared spectroscopy, FT-IR, 480plus, Jasco,
USA)E ©] 833 3L, HHEAL S7 1 (attenuated totd re-
flectance, ATR) 215 288t A5 HE Az
ol AL 2Pt E=gt 4kstoldd} o4kt
Ao Aot A gls sl X-A FHA 37
(X-ray photodectron spectroscopy, XPS, ESCALAB 210,
VG Sdentific, UK)E ©|-&3t3th 4Ake] 34 2 <
2} =275 A |7 (scanning eectron microscope,
SEM, LEO-1530FE, Hitachi Co., Japan) & ©]-§-3le] &
AR AAEE Ao 74 4 FF 2 A4 vle
oA &4+ #417](energy dispersive spectroscopy,
EDS, S-2500C, Hitachi Co., Japan)S 3t H¢lstal
o AL At a3E SA487] S8l InvitroAl d
(SPF Andyzer, SPF209S, Metrohm, Switzerland) 2 #1-2] 41
7HA13A E3371(UV-Vis spectroscope, S-3100, Scinco
Co,, Ltd.,, Koreg) & ©]-&-3tf &4ttt A2 7HA
B w1 BA 2L A £3719 nixt
A &2 ZAQkAL WAE A3kt HEFH o=
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2.4, XM xict S0t E2F
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T3 AT AN HILE 93 AYE F 58
(water in silicone, W/S) A& 2] MAH S Table 29+ 2
o] Azttt A 74 d&E | MFE H4s)
sk7] sl Hagkel vF FASA|, 73|, 73 B
ZA), AEA SozT AP oH, B4 7he] 2o
2 3QI5ly] golstEE AR fU)A AYgH &
FAIR] | A A FA Al o] E(ethylhexyl methox-
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Table 2. Formulations for W/S Sun Cream with ZnO and SO, / ZnO Particles

Materid Sample A Sample B
Water 48.90 48.90
Ethylhexyl Methoxycinnamate 5.00 5.00
PEG-10 Dimethicone 3.00 3.00
Isodecyl Neopentanoate 4.00 4.00
Quaternium-18 Bentonite 4.00 4,00
Cyclopentasiloxane (and) Dimethicone/Vinyl Dimethicone Crosspolymer 3.00 3.00
Cyclopentasiloxane (and) Cyclohexasiloxane 22.00 22.00
ZnO 6.67
Silica 333
SIO/Zn0O 10.00
Perfume 0.10 0.10
1:010~1:025 ol thsfl ojitshat4 I® A= ofdel Hls =& F Akstolde] 3H F& g0l
of ek AL WY oM, XRDSH FT-IRS o4 o B4kt d) Gaviuch b) d050E 489S o)
sho] Hlw 248kt °F 10% A= t] &2 AL gl
A 712 Ak +HH°1] gk pHeF Zn : S = Hle] Yk Figure 2(b)= Al 7FA] 4F Zujjol] tigk pHel zn : S
o] thg+ XRD Hlai-A A& Figure 2(g)oll YERA AL = B9 3 Ui FT-IR Hla #4 ZAyjo|t).
T} XRD®] XCPDS card 71 A3} 518 A Abstopd st FT-R 42 2N S W40 F358 574
olutsltavt Y Asfoldl BE AFA 2 SATh A SAME 1A AR D (pdle) A
GE el AAGUUL GFUNAL, ST E £ AE FRAA BASE FARIAE B2
a7t SRE Astolle] A Aol wfe] AY AR ERd 2 v FREE BAse W
& A A=rt A28 A vis) &ds] FAad As HolZlel Boy AEe 48 B4 vl #40] 7ks
2 4 gl ol Alstold ERlel oldshtast 1 dtohs ARl AlTHie]. ¥4 A3} ol dshtart 2
HHoz Qa XS =AEE W 3o HeiE g5 Aksloled o] 808, 1002 cmit ¥ toll A gk 7
of Asfolele] Zhe 1ol AW SH AEsk B A/ ANE AL B 5 Ak o] F3E ojulatta
st7] wEolt1g]. &4 A3 @) ¥ A AFstopddd) o] AF A AAlolH, o] & Fall o|itsiatie] B
H|3) b) F4akEml=pH 10, Zn: S & ¥ 1: 025 =7 437 FT-IR &4 S48 A% &4 E7FsshA| T
N - F= Hago] 7P AH, o) B4kt d) | Azl Blal 4 & ATHIT7). o) 4kt d) &
A= pH 9, Zn S = ¥ 1: 015 2HofA A ArE = o]kl tA FHE-71 9] A7V A AL, b)
gol 714 2 A FISAT Fab QAEuE 2 AAEuE s QOS] 48308 R o
43 B¢ 2Zn: S =¥ &4 23 1:01591:025 o2 AZI7F 9§ 713 AL el
o] 34 A= Zago] FLEAL, o= FHFe] At Aeletd Z4 &4 8l AitEuE 2 -88ko] pHet
JEFS A/l E F-EE o)ikshtad] dol & Zn: S = Hlef Gl tis) XRD2} FT-IR WL 24
Yate] o o) ;o] WAHA e AL ejuistE Az, AAEE 4L w 28 A Asjoldo] v
2 Zn: S & H 4L 1: 0162 AAS ST 3 Akslold vf-9] 34 A= Trago] 7 =31 9]
Figure 2(8)oll A Al 7}A] 4F Zujo] pHe} Zn: S & H] Ashta 28719 9 tiolM ddiF s T &
o] FFol tigt AP vwd A 9 I A kst AZ1E zhe A& AT ololl Al 74A] 4 S
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Figure 2. (8) XRD, (b) FT-IR results of SO, / ZnO particles
synthesized by different catalyst with nitric acid, sulfuric acid
and hydrochloric acid.

FolA ANENE AT ARG 7ROT T

39 W 4ge A9y

*

3.2. 33 0l E XRD 24

AAZu) 3ol A pH 10, Zn : S & ¥ 1: 0.258 1L
Ak A 8wl SR/ el 100, 300, 500 mLE H
3}gto) w2 XRD £4] A= Figure 3(@)° UERSL
o @) ZH A zgkslopd o] Aj7iel Aol vlal Al b) 100
mLY o o]itsltAr) IRES 4kslold Ifo] 3
A =7t A Aase AE 3T & Aok
SFA T ¢) 300 mL<} d) 500 mLY WiE ZE A 5o
sbstoled a1fre] 3 AErt st glEs & T 3
o} ol Wh7] ol 8wje] ko] |F- o} 4kslo}
A A oliksata JARE TEO] DA T =0

taabaEstks|#], Al 4048 A 2 5, 2014

s RURE R DR E R

d) 500 mL I I l L 1 L I
3
)
- c) 300 nL A | A
e
%)
3
£
£
TR B
852 - 8
[ 8 Z Bg:
a) Znd STD 1 1 L3S
20 30 40 50 60 70 B0
20 degree
(a)
d) H:ID oc l. l_l A i A A
3
| EETS
- c) B0 C l . N N N
s
%]
5
£
£
b) B0 C i * l A
852 - g
12 § Z Bg:
a) Zn0 STD l 1’ i I 51?
20 30 40 50 60 70 80
26 degree
(h)
d) ean L ‘l A A A A
3
2 d
- c)12h 1 . N N .
s
w
T
£
£
b)Zh 1 llﬁ u " N _—
ERIE - g
T g g g UG? au‘:
= ~ Z 58
a) Zn0 STD l L l L i‘ilr
20 30 40 a0 60 70 80
209 degree

()

Figure 3. XRD patterns of SO, / ZnO particles synthesized
by different (8) solvent amount, (b) reaction temperature and
(c) reaction time.
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Figure 4. XPS results of ZnO and SO, / ZnO particles, (8 ZnO Zn 2p, (b) SO, / ZnO Zn 2p, (¢) SO, / ZnO S 2p, (d)
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Figure 6. SEM image of (@ ZnO and (b) SO, / ZnO
particles.
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Figure 7. UV-Vis absorbance spectra of (@) ZnO and (b)
SO, / ZnO paticles.
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Table 2014 A=g IE A Aksfolds A3
sample A%} o4kl Ar) IR E 4Eslold & A 83
sample B9 invitro 54 23} UV-B X2A|~(SPR =

I8 HdEY I8 7} 22208] 2752 ¢F 124% 7t
AL, UV-A AR =(PA)= ZH A X I8 7]
7.2008] 9.00.2 °F 1250 Z7}8 218 3H15tgi). o]

= oo Atslotdo] o|ikslat At B§s) Hol 3
S &40 AstE L, B4 ) £ 2HE E
TxEe zhy) wEel A
=4 A= AR89 %El
2t SAgkol Adelstr el
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Table 3. Results of User Test Using ZnO and SO, / ZnO
Particles

Sample A Sample B

(ZnO) (SO; 1 ZnO)
Sensory Fedling 3.40 4.30
Adhension Feding 3.90 4.20
Spreadability 2.80 3.9
Shining 2.60 290
Coverage 190 190
Totd 292 344

(5 : Excdlent, 4 : Good, 3 : Normd, 2 : Bad, 1 : Worst)
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