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Table 1.1 Characteristics of TiO, by the form[2]

ftems Form Rutile Anatase Nano particle
Molecular formula TiO;
Molecular weight 79.9
Appearance White powder
Crystal system Tetragonal
Lattice constant 4.58 3.78 Anatase 70
2.95 9.49 Rutile 30
Density 4.2 3.9 4.0
Refractive index 2.72 2.52 2.60
Mohs hardness 6.0~7.0 5.5~6.0
Ph(5%solution) 6.0~7.5 5.5~7.0 3.0~4.0
mggﬁ}g?;))m 0.2 0.2 15
Melting point("C) 1,825 trans%g?rlrfation trang%gg?ation
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Fig. 2.1 Hybrid TiO, coating mechanism
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Table 3.1 Component composition of micro TiO,

INCI NAME wt% CAS No.
Titaniumdioxide Min 95.00 13463-67-7
Aluminum Hydroxide Max 3.00 21645-51-2

Table 3.2 Basic information of micro TiO,

[tems Contents
Appearance Powder
Color White
Volatile by Volume Not applicable
Boiling Point Not applicable
Specific Gravity 39 ~ 40
Bulkdensity 0.2 ~ 1.2




Table 3.3 Component composition of nano TiO,

INCI NAME wt% CAS No.
Titaniumdioxide 84.00 13463-67-7
AluminumHydroxide 9.00 21645-51-2

Stearicacid 7.00 57-11-4

Table 3.4 Basic information of nano TiO,

Items Contents
Appearance Solid, White fine powder
Odor No
Odor threshold No data
pH Underwater, becomes soil suspension, and

neutrality and alkalinity are shown.

Melting point

1,823C

Initial boiling point and
boiling range

2,500 ~ 3,000C

Flash point

Not applicable

Evaporation rate

Not applicable

Flammability(solid, gas)

Non flammability

Explosion limits

Not applicable

Vapor density

Not available

Relative density

4

Solubility

Insoluble in water

Partition coefficient

n-octanol/water, No data

Auto-ignition temperature

No burning
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Table 3.5 Samples for skin coverage test

Materials Samplel Sample2 Sample3
AlIT1 5.0 % - -
Al1T2 - 5.0 % -
AIT3 - - 5.0 %
Vaseline 40% 0 0 0
Polyglyceryl-2 Triisostearate | 60% 9.0 % 9.0 % 9.0 %

(b Age] kEEAe 127 87] $)8) Agitator 500rpm 5% #2] ¥ Three
Roll Mill 23] 2] gtc}.

@ 2HHe| Bl

(b HH3 2o A5 Z71e] 9 OHP &S &uEd, 5% F9d 0.3g9
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EtOH ]

AICI; 10%
DIl Water Solution

Surfactant
(Aminopropyl
«Agitation mixer
1,000rpm/15min

Micro TiO, ]
*Agitation mixer
1,000rpm/1hr

Nano TiO, ]
«Agitation mixer
2,000rpm/1hr

*\/acuum oven
90 C~130C/20~30cmHg/6h

«Atomizer 2 times

+Analysis
SEM-EDS, TEM, Size...

b 4

Fig. 3.1 Preparing method of hybrid coating between micro titanium dioxide

and nano titanium dioxide
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Table 3.6 Hybrid titanium dioxide information by AICls input percentage and

nano & micro TiO, ratio

[tems Ex. No. Contents Notice
R1 Micro TiO»
Raw Materials raw material test
R2 Nano TiO,
Al AlCl; 0.05g
. A2 AlCl3 0.10g .
AlCl; composition check for hybrid
A3 AlCl; 0.20g
A4 AlCl; 0.40g
T1 2:1
Micro TiO2:Nano TiO, T2 1:1 mixed ratio
T3 1:2

Table 3.7 Information of final hybrid titanium dioxide

Sample No. Contents

R1 Micro TiO,

R2 Nano TiO;

AlIT1 AlCl; 0.05g, TiO, ratio 2:1
AIT2 AlCl; 0.05g, TiO, ratio 1:1
AIT3 AlCl; 0.05g, TiO, ratio 1:2
A2T1 AlCl; 0.1g, TiO, ratio 2:1
A2T2 AlCl3 0.1g, TiO, ratio 1:1
A2T3 AlCl3 0.1g, TiO, ratio 1:2
A3T1 AlCl; 0.2g, TiO, ratio 2:1
A3T2 AlCl; 0.2g, TiO, ratio 1:1
A3T3 AlCl; 0.2g, TiO, ratio 1:2
A4T1 AlCl; 0.4g, TiO, ratio 2:1
A4T2 AlCl3 0.4g, TiO, ratio 1:1
A4T3 AlCl3 0.4g, TiO, ratio 1:2
Blank1 TiO, ratio 2:1, normal mixture
Blank?2 TiO, ratio 2:1 without AICl;, SAA

12



Table 3.8 Composition of cosmetic application with hybrid titanium dioxide

Sample name

No. Ingredients name AITI1-H | AIT2-H | AIT3-H | AIT1-M | AIT2-M | A1T3-M
Hybrid TiO2 (A1TD 15.00
Hybrid TiO2 (A1T2) 15.00
1 Hybrid TiO2 (A1T3) 15.00
Micro TiO2 10.00 7.50 5.00
Nano TiO2 5.00 7.50 10.00
2 Glycerin 10.00 10.00 10.00 10.00 10.00 10.00
3 Cyclopentasiloxane 7.50 7.50 7.50 7.50 7.50 7.50
4 Phenyl Trimethicone 5.50 5.50 5.50 5.50 5.50 5.50
5 Dimethicone 5.00 5.00 5.00 5.00 5.00 5.00
Lauryl PEG-10 Tris
6 (Trimethylsiloxy)silylethyl 1.00 1.00 1.00 1.00 1.00 1.00
Dimethicone
9 Niacinamide 2.00 2.00 2.00 2.00 2.00 2.00
10 Sodium Chloride 1.80 1.80 1.80 1.80 1.80 1.80
11 Disteardimonium Hectorite 6.00 6.00 6.00 6.00 6.00 6.00
12 Hydrogenated Polydecene 3.00 3.00 3.00 3.00 3.00 3.00
13 Sorbitan Isostearate 0.70 0.70 0.70 0.70 0.70 0.70
14 Cetyl Dimethicone 2.00 2.00 2.00 2.00 2.00 2.00
15 CetylPEG/EPG—lO/l 1.00 1.00 1.00 1.00 1.00 1.00
Dimethicone
16 Polyglyceryl-4 Isostearate 0.50 0.50 0.50 0.50 0.50 0.50
17 Adenosine 0.04 0.04 0.04 0.04 0.04 0.04
18 Caprylyl Glycol 0.20 0.20 0.20 0.20 0.20 0.20
19 Ethylhexylglycerin 0.10 0.10 0.10 0.10 0.10 0.10
20 Iron Oxides (CI 77491) 1.20 1.20 1.20 1.20 1.20 1.20
21 1,2-Hexanediol 0.10 0.10 0.10 0.10 0.10 0.10
22 Fragrance 0.10 0.10 0.10 0.10 0.10 0.10
23 D.IWater TO100 | TO100 | TO100 | TO100 | TO100 | TO100

13
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Fig. 4.1 EDS analysis of micro(up) & nano(bottom) titanium dioxide
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Fig. 4.2 EDS analysis result of hybrid titanium dioxide; (a) and (c): micro
titanium dioxide, (b) and (d): hybrid titanium dioxide
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Photo 4.2 Hybrid titanium dioxide SEM Image
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A3T1

Photo 4.2 Hybrid titanium dioxide SEM Image

Sample X 100,000 X 50,000

Blank 1

Blank 2

Photo 4.3 SEM Images of Blank 1 & Blank 2
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© AFEA A3

P stelHe= o]itkstE|ghe] ICPE4 23t

Table 4.1 ICP analysis result

Sample Contents(%)
R1 99.08
R2 98.77

AlT1 98.35
AIT2 98.95
A1T3 97.22
A2T1 98.04
A2T2 99.22
A2T3 97.39
A3T1 98.35
A3T2 97.92
A3T3 97.89
A4T1 97.52
A4T2 97.11
A4T3 98.70

Table 4.1& sto]lBe|= o|ilslE|Rhe] AR50l S ICPE A7

skl === o]

/E)Lo

| gleg o
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3) A& 24 = SPF Boosting &3 &<l Az}
(1) SPF in vitro &4 A3}
Table 4.2 SPF in vitro test result

[tem
SPF PA UVA/UVB ratio
Sample
AITI M
(Control) 24.49 16.06 0.819
A1T1 23.08 15.42 0.838
AIT2 M
(Comiol) 29.23 16.39 0.761
A1T2 33.99 (1) 192 (1) 0.763
élc};f;;})\f) 35.01 186 0.739
A1T3 4684 (1) 23.07 (1) 0.726

Table 4.2& < £33 A9 polH= AR F Ax 34 9 AC; %
YFS 0.05go 2 IGA 7|3 mlo] AR o] 4ISE e U o]4FStEIEe] B A
SR WSIAIXL AR 8] SPF in vitro S 4kelt

SPF in vitro S3%k< EW AlTIUZT 3 ste]BEg|= AlT19] SPF/PAZLS ¥
zto]7b glth. ol whola R ol4tstE|gkd} Uix o]4lstE|RRe] Slo|HE & H] &)
2:1 A= A At A Et §leS vtk v AIT2 M &) 3%
sto]lBE|= AIT2E EH SPF k2 16% Asstal PA 32 17% A= &53tAth

AIT3_ M(tH =) slelBe]l= AIT3E vlwstH, SPF #h2 33.8%, PA= 24% 7
T &35 etk 7] 23 gg AuRd slo|H T o|tslElge] &£ H
SollA Ui o]xkslElRte] FHgo] ZUESE A9 Ad Ede At A
< ¢ & Atk
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30—
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Fig. 4.5 In-vitro SPF activity compared hybrid system with only mixing

system
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Abstract

A Study on the Synergy Effect of Sun Protective Factor Using
Method of Forming Self-Assembly of Hybrid Titanium Dioxide

Cho, Hyun Dae

(Supervisor Park, Soo Nam)

Dept. of Chemical Engineering

Graduate School of Industry

Seoul National University of Science and Technology

‘Hybrid" issues has emerged in recent years in all technology areas. Hybrid is
useful in the treatment of a cosmetic pigments to give better functions such like
skin care, anti-pollution, antioxidant, emulsion stabilization etc. Micro and Nano
particle TiO, are used widely in cosmetics for skin coverage and UV screening.
Ideal TiO, is having high UV screening effect, good homogeneity in the
formulation, low coverage and good spreadability on the skin. In this study, we
developed new coating method using both micro(0.2~1.0um) and nano(15~50nm)
TiO, with SAA(Surface Active Agent) and AICl, as Figl. This expected effects is
as follows. First; SAA and AICl, help electrical bonding of micro and nano TiOs,
Second: Hybrid TiO, make SPF efficacy increase, Fourth; get better dispersion in
cosmetics. Fifth; improves the homogeneity of the contents. Sixth; having the
effect of color cosmetics skin care development. Hybrid technology is a source
technologies, as well as in development of Korea cosmetics, it can contribute to

the raw material industries.
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