Appl. Chem. Eng., Vol. 30, No. 4, August 2019, 415-420
https://doi.org/10.14478/ace.2019.1012

HIO|=2 AlHEA|, F=ory

Ml SF0ll T2 o/w w2} M2 74

| Article |

1z

. x|

B AT
_—_O ™

zE

syl sty Rt rey oA st 38} - spgE ek
(2019 22 229 F<F, 2019 49 22 A4} 20199 59 31 A

Surfactant and Emulsion Stabilizer

Joong Seok Choi and Byung Suk Jin*'

Department of Health and Cosmetics, Dongduk Women’s University, Seoul 02784, Korea
*Division of Chemistry and Cosmetics, Dongduk Women’s University, Seoul 02784, Korea
(Received February 22, 2019; Revised April 2, 2019; Accepted May 31, 2019)

= =
ol AL FEAXBA7} 0w #3k AT A GRE Ashars) gaiel wiol e ALY AL 55423
A FHE Gl ofe] AP o) o5 fuSA TS vmatslth A5 vol& ANBYAL polysorbate

60 (Tween 60), PEG-60 hydrogenated castor oil (HCO 60), octyldodeceth-16 (OD 16) ceteareth-6 olivate (Olivem 800) 5=
AFE-8F AL, -3 Al Z = cetyl alcohol, glyceryl monostearate, stearic acid 5= Z}Z} A2t} Octyldodeceth-16%
AHEEE 3k A AN At 2] 7h dojuar v A Al S BE /b s S Akl A e Zﬂ ceteareth-6 oli-
vate®} 327 A cetyl alcohol S &3

o T
Ve AR A, A%, 294 Fol 48 A ey #1348 S14 Abo]

=% b 2 ghom S olgh e Bt 3k A Aol wol AYHRA MEAD T2 HaH7
G4 5307] wpioleh. o] AFelAE wHH S4H0) A tehta Pol s s olelel ket A ghol BebAs

AAhERI @igo] vrebstth

Abstract
To investigate the effect of nonionic surfactant and emulsion stabilizer on O/W emulsions, various emulsion formulations with
different types of nonionic surfactants and emulsion stabilizers were prepared and their rheological properties were compared.
In this study, polysorbate 60 (Tween 60), PEG-60 hydrogenated castor oil (HCO 60), octyldodeceth-16 (OD 16), and cetear-
eth-6 olivate (Olivem 800) were used as hydrophilic nonionic surfactants, whereas cetyl alcohol, glyceryl monostearate, and
stearic acid as emulsion stabilizers. Phase separation occurred only in the emulsion formulation with octyldodeceth-16 and
all other emulsion formulations maintained a stable phase. The viscosity, hardness, and creaminess of emulsion formulation
using a mixture of ceteareth-6 olivate and cetyl alcohol were the highest, and the emulsified droplet size was also the largest.
These results are due to the formation of a network structure texture with the development of a large amount of liquid crystal
in the O/W emulsion. In this formulation, the value of elastic modulus was large and the thixotropic behavior, in which the
viscosity varies with the history of external force, was observed.
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Changes in Rheological Properties of O/W Emulsions according to the Type of Nonionic

1. M 2 A T*‘ﬂ*ﬁé}?ﬂ ARGE AL QlEk ol f13F AlAEE wHET] S8l

A= AEEGA ARgo] AR, AREGAE B9 29| AW

3l emulsion)# B9 2 AHH AR Ao)A] &= A F shUE of f1Alet] &3 2 Aol AFHE AsA7IAY = 1Y)
TR % oA Zof $AAIR) BEIE SJulste, ofelsk G5 AIA olFFS B4 HakE s A7l Q3 sl Hoki). AW
o SAF, GloRE, AF, AE B8, A3, 5oF 5 ke ok $YAIY) el Bsha feks BRI EAlsks 2] o)
e} Aot ow BIYF ALwols] W] ARTR= shalso]

T Corresponding Author: Dongduk Women’s University, N 7k Al—_,aa](phase separat10n)7} AJojLA %1:]-[2] 3= <4}
Division of Chemistry and Cosmetics, Seoul 02784, Korea - o o Sl JARD o=
Tel: +82-2-940-4513 e-mail: bsjin@dongduk.ac.kr ]_t‘i = 2l e sk ft s O;EE]QL s

| , L3e 218 oujgit) nleby $3l% WSl AlEo] Fsd o

pISSN: 1225-0112 eISSN: 2288-4505 @ 2019 The Korean Society of Industrial and 7121_ §]_% ’}}ﬂ} j_‘:Hi -rrxl%]_' B ]_‘1:_% Qg ;E’S]—ﬂ 9

Engineering Chemistry. All rights reserved.

415



3 ole) kg Hklo] 21 itk
20 ARBAA ) HE3E Aelo] u)

=3 A].B_sl ﬁ 0 X }\'14,]. 7}_]
§}7} EE} OV‘* stA <
_",:

|o
i
u2
v
N

74

XA %g} ’\V\E“J o]-x-])ﬂ °
SITHB-10]. 72 AA| el vlal A7t 4124
2 Aoz B2pe] 5/do] oA 7] wiell
St 3l QPYSIAI = itk st f-8lEl gJRprtole] of
EAIE 38} AR 3 2R (van der Waals) 18-S 7H4aA
7 F(coalescence) T 2ol f-3l5 T sk A WA THsIE
Zo]7] wiitel 3 Aol oA lE‘EHH]

o9} o] AAEA 9 FelPgAlE f3ke] g ol T
gt A SHHRE FAl] o] feke Xﬂt’éJ 82 75 (rheo-
logical behavior)e AYsH= 53 AxEol7] ulite] AP 5
AREAFOl W= o] - ATH12-15]. whebA -3k Ao
78k o} e EAZMAE 1Eldt AHEgAse) ey
ALl -t Melo] AQ3sHA ¥k AP HF SAo AHEdA
9 felePgAE & FE8ES AR Eela, 7S ATelAs
AHEI A, Tr§}°VW] 24719) spetzel AE 549 7+ dAlel o
sk Anlo] gho] $-53t Holt}, mebA]  AFtexE & FEeh ¢
717 24 e u]o]% Az A el FaletgAE Aeste] oy
oW #3F AFE WHEAS uwl, AP k4, %%2“4 As, YA
”Wr = “ﬁ%l‘%_&’}q T8]an vlo] AAEdA 9 felebgA Ll

doli- Fol AP Bl nx= 9T

X
E R
o
2
oX
= Nlo
Nl

>

N

rlr

> 12

b T e
i HU to &

> i _l

F

oﬂ el st
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2 ATl ow 73 AFS vhe7] S8 A ARSIAE
sorbitan sesquioleate ("3E™ Arlacel 83, KAOAF Al TS 3%
Ao F AMESkY, X3 AE A= polysorbate 60 (™ Tween
60, Tokyo Chemical*}), PEG-60 hydrogenated castor oil ("<& HCO
60, Nikkol*F), octyldodeceth-16 ("33 OD 16, Nihon EmulsionA}),
ceteareth-6 olivate ("33 Olivem 800, B&TAh 5 4575 A3l
ok 31573 AAEAIA S 318 32E Figure 1o YERASI A, o] 5 &
i Ul gell AAE/IAL] B A A oR Btk f38)
QA= cetyl alcohol (KAOAF, glyceryl monostearate (332 A}), stea-
ric acid (Nippon Oil & FatrAh 2] A& 217 ARSIt Aol A7)
(silky) 3t 7158 F-osts A2l U= cyclopentasiloxane (5T
DC 1501, Dow CorningAh< AR 1, 7ML =720 #4 d=
&F3l<4:Q! isododecane (Lanxess Distribution GmbHADS AME-3}51
o} AR ARE]E Microsafe HBOS Z0]2 QAL AlE0] 11, ©] 2]
A% BHFAIR SElMd(glycerine), A A5 A0 71 (carbopol
940), F3HAI0 FARFA-HKOH), 20| EAIQ] EDTA-2Na, H27t -
43 EX o7 M7 =Es WE(L-mentol) 5> BF 3PFEROF 37}
¥ d558 ARSIt
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Figure 1. Chemical structure of hydrophilic surfactants used in this
study ((a) Tween 60, (b) HCO 60, (c) OD 16, (d) Olivem 800).
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Table 1. Compositions of O/W Emulsions with Different Lydrophilic Surfactants and Emulsion Stabilizers (Weight Ratio)

Ingredient / Sample HE2 HE3 HE4 HES HE6
Glycerin 37
Water EDTA-2Na 0.02
phase KOH 0.025
DwW up to 100
Tween 60 - - - - -
HCO 60 2 - - - -
OD 16 - 2 - - -
Surf;}ftam Olivem 800 - - 2 2 2
emulsion stabilizer Arlacel 83 1
Cetyl alcohol 2 -
Glyceryl monostearate - - - 2 -
Stearic acid - - - - 2
Thickener Carbopol 940 (1 wt%) 10
0il Cyclopentasiloxane 2.5
phase Isododecane 2
Ethanol 7
Aleohol Microsafe HBO 1
phase
L-menthol 0.03

Figure 2. Appearance of O/W emulsions with different hydrophilic
surfactants and emulsion stabilizers.
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S| Fg Tof] A= Fe ¢I9lth A% 9 T2 BrookfieldAH2]
CT3 texture analyzerg ©]-&-3to] Z43I30t) vlA AR5 @3l +
J(sphere)®] ZZH TA43 (diameter 25.4 mm)S F2sk $of L2 1
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5 QHY3t “d(phase)S F-AI5k3ITE OD 162 HLB %k 12E Tween
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ARG AE 144 HERFo] BT PEGY Hlo)2A AdEAA
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800-2 4] Al (branched chain)o] = AAXE +x7 F3kd YAt
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sl AOE BRItk MY st S fAshe AldE 1t 23S vl
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FEAES AT f3F YA 2718 A-o] Sl IREoR vt
A2 3H3(400~800 nm) Rt} 2 AR TR f3F Aol =
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Figure 3. Changes in droplet size of O/W emulsions with different
hydrophilic surfactants and emulsion stabilizers.
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Figure 4. Changes in pH of O/W emulsions with different hydrophilic
surfactants and emulsion stabilizers.
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Figure 5. Changes of viscosity in O/W emulsions with different hy-
drophilic surfactants and emulsion stabilizers according to preparation
conditions (A: degassing & quenching, B: degassing & slow cooling,
C: no degassing & quenching).
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Figure 6. Changes of viscosity in O/W emulsions with different hy-
drophilic surfactants and emulsion stabilizers according to rotor speed.
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Figure 7. Changes in hardness and creaminess of O/W emulsions with
different hydrophilic surfactants and emulsion stabilizers.
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Qg EE
v A 78] W EAl ==t o]F &4 €/dE(loss modulus,
GME xAHA Art. Figure 8 T3 (frequency) Hslel] W +
3l Ao A S EY £ BES UEbd Aol F Al
o] A% M ES ATRY, Tkl S7kskE A% " EC] AAA
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Figure 8. Storage and loss modulus of O/W emulsions (a) HE4, (b)
HES6.
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Figure 9. Comparison of thixotropic behaviors between (a) HE4, (b)
HE®6.
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