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Abstract The cosmetic industry is technology-intensive in the field of fine chemistry and continues to
grow globally. The functional aspects have been mainly emphasized in the past to increase the market
share in these cosmetics industries. Recently, however, efforts have been made to attract the attention
of consumers to the visual effects as well as the excellent performance of cosmetics at home and abroad.
Accordingly, cosmetic manufacturers are trying various technologies that encapsulate the cosmetic
emulsion and modify the shape, color, and texture of the emulsion capsule. The basic and easiest
method of encapsulating emulsion is dropping the emulsion through the nozzle from emulsion storage.
On the other hand, the existing method of encapsulating emulsion has a limit in reducing the size of
the capsule. In this study, the limit was shown by theory and numerical analysis method, and the
emulsion encapsulation phenomena occurring in the micro-channel were studied to apply microfluidics

as an alternative.
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Fig. 1. Schematic diagram of falling method for
encapsulating cosmetic emulsion

Nozzle

Emulsion droplet

Fig. 2. Emulsion droplet suspended from nozzle
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Fig. 3. Nozzle geometry and calculation domain
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Fig. 4. Calculation results for emulsion droplet of
falling method
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Fig. 5. 2D Calculation domain & boundary conditions
for the simulation of microfluidics
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Fig. 6. Results of flow pattern in the microchannel
when 1,110, = 0-005kg/m « 530 = 0.005 N/m;

Vv =0.01m/s; and V., , =0.01m/s
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Fig. 7. Results of flow pattern in 2D microchannel
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Fig. 9. Results of flow pattern in 2D microchannel
when /Lemulsion =10 kg/m * 8,0= 0.1 *]V/”nY
1% =0.01m/s; and V., =0.1m/s
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Fig. 10. Results of flow pattern in 2D microchannel
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Fig. 11. 3D Calculation domain & boundary
conditions for the simulation of microfluics
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Fig. 12. Results of flow pattern in 3D microchannel
=1.0kg/m ¢+ s;0 =0.1 N/m;
V. ter = 0.005m /s

water

when
vV

emulsion

Hemulsion

=0.01m/s; and

A FAAehE o]8sto] odd F&HeldE +&
5t7] flsto] 23+l wtolZ22Y WA 9] f-5ci4S
ANERT, oA F d EEGY, B3t o HA
Y &= 5o] oEd A Yo o JFE F= A
Yolworont, AAR AAol|A NEA H&S Al
flafl a=sfoF Bz wola2AE-2 33H9] B 7t
Zle}. 32+ GAoIAY o EAd HA S et A
ot 7] fJoto] Fig. 113 L2 ulo|AZFHA 9 &
TALE Aottt oEAY WEel Fks 1200
kg/m’, 1.0 kg/m - s ©|2tT 3t91, EEAEHL 0.1
N/mo|2tal 7}gstgirt.

Fig. 129] o@Ax} o] 27+ 0.01 m/s, 0.005 m/s
9] £r & == Aol tell SHTHAAY ke
0.1 sec7tdo2 Uetfiglet. &9 FU&4m7t 4495
Zhgo| = Eokal Aol 2 BAET S & 4 A
£, o] AR RFEO Be= HA|ZQ] Afo|= F7tet &
oA FYE= &3 o2 H9] 331441 FE°] A
Aol fejotA Zgohs Ao wohH

3. &8

AP o] PG e AR 2
o}o] Gejz atstel Addlol ek J1E w4l
ol A9 AolxE Foltd WS BAYS
ol2el W o AT, S HS WEos
ABstAch. WA 7120 dSPAL 120 Ajo]x
£ 05 mm7 Z01E 1 mmolske] @A Axe A
o7 ok 2 Fsteich

71 Wpalo] et tieto. WA A|oIshS

ol g

gt



SHARSH| &8 =2R] A2238 Al1E, 2021

&do]4o] 7FetA] o] fJste] ntelT=A d oA
o] ol s Ye shAstH=t, AEHY A=t
A8, AEd FUEES FHoA FUHE 29 &=
50l HHB vA= FFE LokEdt A E of
ol Aot W2 e Ao & AYEY e
Al 3= A7 Aol BolshA] eokal, ddelA ¢
Sl Wi S8 o Y] Theee &+ A
ATh 23T} H=o] 3P/l HiRt M
Fotl=tl, AP vholA=RE] Fe+= dwol
A FUEE =9 o] ot IYE ogdo] 9

ol & BYPS & & AU

References

[1] Korea Trade Insurance Corporation, “Analysis of the
trend in domestic and foreign cosmetics industry”,

Industrial Trends Report, 2018.

[21 J. H Chun, Y. J. Chun, “Study of he Purchasing
Behavior of Cosmetics:Focused on Japanese, Chinese
Tourist and Korean”, Journal of the Korea
Academia-Industrial cooperation Society, Vol.15, No.
12, pp.7459-7466, 2014.

DOI: http://dx.doi.org/10.5762/KAIS.2014.15.12.7459

M. N. Lee, M. H. Jang, I. H. Lee, “The status of skin
condition and using of cosmetic for 50's women ~
Journal of the Korea Academia-Industrial cooperation
Society, Vol.15, No. 12, pp.7005-7011, 2014.

DOI: http://dx.doi.org/10.5762/KAIS.2014.15.12.7005

(3]

[4] F. Casanova, L. Santos, “Encapsulation of cosmetic
active ingredients for topical application - a review”,
Journal of Microencapsulation, Vol.33, No. 1, pp.1-17,
2016.

DOL: https://doi.org/10.3109/02652048.2015.1115900

S. H. Ma, J. M. Sherwood, W. T. S. Huck, S. Balabani,
“‘On the flow topology inside droplets moving in
rectangular microchannels”, Lab on a Chip, Vol.14,
pp.3611-3620, 2014.

DOI: http://dx.doi.org/10.1002/anie.201402327

Y. S. Song, C. S. Lee, “In situ Gelation of
Monodisperse Alginate Hydrogel in Microfluidic
Channel Based on Mass Trnsfer of Calcium Ions’,
Korean Chemical Engineering Research, Vol.52, No. 5,
pp.632-637, 2014.

DOI: http://dx.doi.org/10.9713/kcer.2014.52.5.632

(5]

(el

[71 M. Mastiani, B. Mosavati, ‘Numerical simulation of
high inertial liquid-in-gas droplet in a T-junction
microchannel”, RSC Advances, Vol.7, pp.48512-48525,
2017.

DOI: http://dx.doi.org/10.1039/c7ra09710g

[8] G. Rosengarten, D. ]J. E. Harvie, J. Cooper-White,

86

“Contact angle effects on microdroplet deformation
using CFD”, Applied Mathematical Modelling, Vol.30,
pp.1033-1042, 2006.

DOL: http://dx.doi.org/10.1016/j.apm.2005.06.011

M. Y. A. Jamalabadi, M. Dagigshirazi, A. Kosar, M. S.
Shadloo, “Effect of injection angle, densityh ratio, and
viscosity on droplet formation in a microfluidic
T-junction”, Theoretical and Applied Mechanics
Letters, Vol.7, pp.243-251, 2017.

DOI: https://doi.org/10.1016/j.taml.2017.06.002

A Y @(Nam-Gyun Jeong) EsEE

+ 20074¢ 2€ : S=EEY Y
A&t (FEEkA

+ 20079 39 ~ 2010¥ 10€¥ : 4F
A BYAT
- 2010¥ 11€ ~ 20154¢ 2¢ : gt

SR ATY AdATY
+ 20154 3¢¥ ~ @A : QdezdA
Eoie 7 AT

ALY, TS

& Z(Hong-Jong Jin) (X3¢

+ 20134 10¥ ~ 20174 2¥ :
KAIST EEWS A-AlE] AL+
Y, 3923 71&97t A

+ 20179 2€ ~ 20194 49 : E3
A 71AEoF A

+ 20199 49 ~ @A : @Aolo g
At

FAED

Liquid Droplet, Fluidized Bed Coating



