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Effect of Direct Emulsification Method and Invert
Emulsification Mcthod On Droplet Size of O/W
Emulsion

Cheol-Hun Kim, Jae—Kiel Park, Jeong-Wung Hwang, and Jung-Rim Haw®
( Research and Development, Evas Cosmetics Co.,l.td, ‘Kon Kuk Univ., )
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3142 polyoxyethylene(20)sorbitan monostearate, sorbitan sesquioleate2
3} A1R3513, FAMA O Z liquid paraffin, 944102 deionized water§E HEEZ
AH83}o] DirectFEhH-& o] &3 AabH} InvertfH3PH & 371A] whAg] A=y e
2 ol oWolEAE ARSI, 2t v AREPHAA HUtE= &2 ool
whe #EF o/Neld A UAAVHEE WSt Direct-FIPHE o83 2%HA
AGFIPHE 2185t AR Az, oMzt FYT YAE e o/WEAL
W/0 ol A (W/0)/W o]FodH ozl HH tHAE AXolt BEAHES o 4 oldrh
Invert-§-3H-& A}R3% 3utAAANFEHHE W0 oA U2 Pseudomicroemulsion
gel & 7Ad u|Mst U3 0/ F3 gyt doj At 3uhAl Aol 2vbA A
ARt 9 oAt Ay UAE BEIIAc HAEA AR BE {IPYN E
318314 9] HLBZ} 10.0 - 10.8 F oA 71 ulMg B AY=I7 B At o]
HLBYE ol E3R-3t471 &3lsoidle uidol H7iso] 7HE3EE 52 ol
o2 goron, FHrf &3 EYS Ze FHAY RAGAA A nAMsta 4d
g =7t it
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1. A

rh

M3l FUZ ofdA UALE ZtE /W oEAL BUEE A JoE,
HYE, ME T 7IEl AdEAE o] &3t A W2 AEY &
otfF Fosdlct. /W AEHAEEE U=E= W I &%
o] Arlsl= R AF3M( Direct Emulsification)z} F3A 71 &
E& Hist= JAE3H (Invert Emulsification)o] 2leny
2ol adntd o AAM{3hgo] wol ALEE Qrh U el 21M n
Azt dd3 JdAE €& + A& FY F3pgel AR el A&FHI e
FAoltt, nAE oEAE BEE WHOE Ling[l]lEE Hlol {IAE
FR3IE U Ldiel 4% 5§ HIIsl 459 Wogel] Hog qiE
T, o] 2d4E €2 EA FYUstes AR YEeE JABY anE
AF3tdct EY KFHAE 2deol &MAII F AM3] & HIst A&
& 4o EE AT JURIHYE del o]&FHI Qlri2-3]. o]t
o] AAbYol B g AFI AYE D ot ofF I MFFQ vt Fo
3t A FFHIT FHolrh

dutzo g odAL 1 gz} A7) ulgl nfARoHA (Macroemulsion)
2} nle]a 2o d A (Microemulsion) &8 EF3t2 g or}, o nf3a g
dAzt olojIZoldA  Ateld] JxtAVIE BA oEAEE oy oEA
(Miniemulsiom)& HWEE EF/3l= FAlelvt.  dxF 37171 0.1 pwolsted o}
olAZHAL T o7 ZokllA A7 Ha glevt [ 4], HFE Fe
Fofollde we 4o (3A AlEoE Q% ExT B2 oy EA ofEof
of2l A= 3y FI A ¢rt. metd, & HPdMHE AsEY RIS
nogx JAHY FERYYPRo} dAIAVE o FAAUE += A3, AA HIY
E5 1% AdA HE AL ¢ ZEE 1A A /RIHYE ol &3 0.1 un
olA 1 pmrte]le] JAHE Zte nlUdEAHE Axstoct EE st o
3 A ZCUAE MR JYEE AMESI ZF AMzubHo oE HF APl
A 4=t A7) HWEHE BAAD, TY KA 28 wE HF 4z HE
stol z} A RTAlOA o] HIEE= &9 o] HF odA Uzt b

Ae S¥E LMt
2. 4 ¥

{LHESBR &S 52058 (1994) (65



B AP ME BEAAro g LP #70 (Liquid Paraffin, WIT Co.)&, d&A
ogr 33 FRY ole WS Agsidth.  RHMZE Tween 60
(Polyoxyethylene (20) Sorbitan monostearate, ICI Co.:HLB=14.9 ), Arlacel
83 (Sorbitan Sesquioleate, ICI Co.:HLB=3.7)& tio]Ate] AAgle]l A&31L
c}.

2. 2. /% oA AR
2.2.1. Homo mixero] 2J¥t O/W oA 2] AH=(AAHF3Y)

;‘ﬂ—’x‘— o] otE R =xle] WEHE HI] 93t EF} wlolR {3t
Lde T BEAAS 300nl vlo]Ao Tt 757 CrA] FF2AA §3] Al
¥ ‘f‘_‘#"é’?l Z=2toll M 713t %|o] Homo Mixer (Tokushy Kika M )& o] &3}
10000 rpme E 108 7F §3px]71ct. F3A17 F 20 ° CY 4 Ro|A Mechanical
Stirrer (¥tor A 7|A, SSC - 811 E(A))& ©]-&3ly 200 rpmS . ZLHIA]HA
FAA 30 ° CrtA] BHAAA HF AP HAE AR At

Ho

2.2.2. AAREhHo ¥ o/WolEAY Az

AANFEHE o] &3l 0/F oHAGE AZY HPAM= EYH o] &F
A E cdAte] g3ste] thZa T2 37bx] WH o= Wro] Ay holch

1 TtA AAMH( One-step phase inversion emulisification method): 75 °CE
71" {3tA7 E3EH 2 UAE Mechanical Stirrer2 300 rpme] H2 8 2ub3hH
A 75°CE 7I2H dGate] ES A&SHoE HAHS] HIMY o 1027 2Rty
7} gtrt, 374E 32 homo mixery 2} FUsich.-

2 ©hA] BAAPH( Two-Step Phase inversion emulsification method): -§&}Aj7}
T3 caxel 1TAEA FHFe EL FYsted 1L oF, 2AAREN ’“E‘«]
5 718313 §3A7 EgE 2d4E dSidel dajol Erlste 102 24y
7 Az Y,

3 TlAAAM( Three-Step Phase inversion emulsification method): -3t 7}
Z3H Qoate] IKHAIZA Ao BEE Fste] 71E3t TF, 2UARA o3

& 2dAo] dA] FUZ ok 1087 it 3TAIRAN A&50E dA] FYsL
o 10 2uby ¥zt A2 ¥l

E3 vlol fAY ZAdo wWE B S {HI 913t fHAY =
4& A HIBRAE BAsIdct. T3 2, 39A APl 7 AN
2 ANEE BY #S HIHAA HF oEAE At Al VL nAE= &
Aol g3t Boko] Iu 3uiA AN 2viAR HUEEe &4 2IE

o}
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st
2. 3. odAY =} =7] 9 HAA (Phase Inversion Point)& %

#HE AZY oA YAIERS} FAVIE B3I %t A BH &
n]7 (Phase Contrast Microscopels, OLYMPUS BH - 2)2 & A& #% 3t
2, oEA U5 LT sl FHI o] T Fes FHRTE
4uf B A 3te] TSt HolBF Y wl&L 10008f2 3ttt

ol Al A ZA WOoolA O/WE AAHE FE FF317] ¢lste A7 A=
%7 (MULTI METER HC - 260 TR, ¥% EAihHE o] &3le Eo] AL oE HI}
gto] whE AAAHE FF st

3. Az ¢ 2

Hlo] LA HH A -2 Y-E(nonionic-surfactant-oil-water:nSOW) & o] Fof
A {stoll A WOAM O/WERe AABES FEAHYe] F 3} (catastrophic
inversion)t} ozt St iy AHBAEAY HI=(affinity) H3I}
(transitional inversion)ol]l &J3f ol ¢t}[5]. transitional@Ho] dojLt=
Holl A AR Aol &xjgtct, o] AVAL “optimum formulation”o]g} F
27/ =3tch6].

AL AHBAA v]lAd(nicell) S /Y Mol ALY of st
[5], nSOWollA o] MM AAE WHI FAZ olct. Salager F2[6] 4
AL BBty g3 Ad"AA #Ix xlo](surfactant  affinity
difference:SAD) 2l £o]& T3t} SAD+= Winsor Type [(AHFGA n]A
S eYgate]l )zt BAQS, SAD-+= Winsor Type II(AHBZA v <
xbo] %r)et, SAD=0%= Winsor Type I11(ZT7t&3H &3 edz T4 AR
g njAo) 3oz Exf)zt HAFATHTI.

Fig. 1ol AArHo] os] A 23 od A2} Homo MixerE o]&3to] 23t
HE oW oldAe = 2718 HHoF A (efE x 1000) 22 LEp gl
t}. (a)i= Homo Mixero] &J3] HRZ Hog Uxpyt W3] A1 E4Y 3t
th, (b)g (d) dAEALS 1wA A fdat 3utA A HeR Az Jem
A, (b)e BAE FEIAUL d4H 2T EL HIUISIY ARE Zojrt. (d)
L 2} AZUAE AEE IDAR o] AHRI Ao A dAtAVE ETH
15231 YA F-E (d) 7t 23 Foh (c) oldd2 Lin[1]9 2¢tA A
Mo Az RogA (b)e} (dHETie dxt7t A (a)FFHYALRTE olAl
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£ d&4 Adrt. Fig. loA Ueld Zo] AYUE ol &
stod A Z3k o) HHo| Homo Mixer& o]&3sto A ZE ARt FUsta wAT
AAE BRES & 4 ok (b)Y (de AYHE LA LR AHXY A
GAF o2 o] Az ZAdY, & A¥olME fAE AzsE ustont of
@ ohE vi}lﬂ«l ZAoly FR/o uetM= (d)¥Hol (b) Rt of mAMsta
T+ BAE ST %% 1 &8A gl 2 1. (o)} (d)Y g8 zto]
= Flg.2°ﬂ*1 HE (o) FFL A FUHAAAM o] F K3 (double
emulsion) 7t FEH = 7/1-9-i 2 Z o Ho] A sf FAHHct of o]F
f3te o7 dFeFdAM ctFoE A (Multiple emulsion)o]2fir e = olct
[8-10]. (d)fr¥ollM Fig.29 (b)AE FHnF oz FHU37] EF =Y
22215 717 pseudomicroemulsion?®] B NFE AHA HF odHol A
Hrh o] fajmfolaZold AL sAD=0Y wf WE A= VWinsor type IIT 2}
#THol . & Y3 Eo] BF continuous¥t FREZ:= ulo]AZERA &4
© 24 oleic microemulsion M,, aqueous microemulsion M, surfactant phase
M. 2 E]elt}t. SAD+ollA] SAD-0 & =]} SAD-Z2] transitionald# L tjS3
o] Type II1& AX Lol drl. W/0, - WM - (0+W)/Ms - O/Me - 0/W, [5]. 313
2} mZ ojAdo] /A HE FA L

FuHnF 2} oy de upHe] Az 3‘:}74]%‘_*&‘?..32
01‘—‘34,"3—‘5—5«1 Aol fratutolA2od ANl BEES o 4 drh oA
T2 ez vlo] 2 REA |, EY BHAELE o' 27 g 5F =4
*1 whAdsicts AAzZbHcoh 2ub A A A catastrophic H#o] F2 AR 3 3
TA Aol e FUsEE BY 53 24 EsUAA transinitional Mo
dojytriar yzhdct.

Fig. 3o 3vA ANHLZE A ZA %1}21]3] HLB 3t H¥fo] & 2F 0/W
ofdd ¢zt Ar] HIE FE WolF (vf& x 1000) 22 LIEIU AL, Fig,
4o F2A o] 7H&3F AN nlx= HLBY F3at 2F oW oldd g=pe 3
71 W3E vehjadct  Fig. 3ol HLB 10.028] §3A 24 & 712 ojdA
o] 7}% nlAsta FUT APIAYAE 7;%“:7/13 o 4 k. JHg3E ALY
AGAE FFs7] 93 BES U f3As 48 edited Ay A3
Fig. 4 oA A3 detd digo] Eol Hzigoel wiet F3 MA|cirt 7183}
AR E 233198 FEHA2H of HoA A AEE U= FFFH A
Fig. 32 HLB 108 % & Zt FHAE ASUSd 1% odA =7 2
U3t A3 WAL FA = A& HoFrl, o] Liguid Paraffin
0i12] R FHLB Zlo] 10.0 A2 &nstrIx stai[ 11],SAD=0 A Ao E¥H
BtA 2] HLB7F 10.08 = El+&= Z1& ojujdttt, o] A2 BrooksT o AF&=Fl
2] SAD=0 line & 3} mapping procedureo] A SAD=-0& L}ElLi= 2] HLB
A3t A ZAzfolri[5]. SAD=0 A2 H: AFFHo] WA}=RXoE ujs
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3

N
flo

ol AUt} FUd¥ A7 UAE BAE3= 71 F2 conditiono| T},
Fig. 5+ E°| 2dxito &4 A HIdo & A=x HHE FFT
Zddl W0 oA (W/0)/WE AAZEE= B =9 o] ¢ 1.65FE UE YUE]
U3 oF 5 - 8xB oA $A3 0/NE HAME S RErh

Fig., 62 2%tA A YPolA 1ctA oA 2*7}51“ 22 o] HZF o/w o
A At 2700 oA S UEIWZACEZAN BE AT Aoz EF
AL ] 2ol HIIY EY Joll mel dAHY 3717} ﬁ?ﬂvl CHERS B Fcl,
o] ol ¢ 1.6 - 3%8] ES WA i Hr ¥ew gAY AT
7% 2 3T JIHE YAHSE S B Frh. Bolyunist &1
I glo e A7 AxEE &3 U] oF 1.6%0llA Ayl AEEZlo] AT
71 Az gchs Holth oA o] F AL JIL3 LA He] & 1.6 ¢
ERLiaL, o] HolA W/0ollAM (W/0)/WE 3= 7] Alztsicin AzZbEch 1.6 -
3.062] HelolMe Ax=rE ERT W2 & YvElZ ALH LT So] H
Zhdol utel AEEZS ZFH FolAtirl & SxPx EFAAN E& H
FAEE 2ES UEeldch. & B Zof A (¥/0)/WollA o/vE Hd A% HAZSS
UEeld Zloletz AzbHEch  ER ofe 43 o] edate] HxE AW
Y, & HA B 9 o 0.5%F WA Hu Y&z (4), o 8% Fo] L

dg&ufe} (C) mpxt 71X 2 ol E¢HEsty & ZelsE o EQE o
2}7} 2 /30 B4 "Hel, BY o] BARE 2 st Hot sldsd, F

& 27 "o #H 2o HAEEE WO R7 e SUF3 BEE HUA
%7171 o Foll A HAHol ¥ KIE FAEsta Xk oty AR #
Hdxtr B "ok A BAE G M E LR o|FEtE £E71 w
2 AL ftAel #Hzxe W0 AHE ojrxA= AIsA wEZ A
(WO)/WE AXHs, e AR F3AY =¥l "Wesiciaz At Fig.
6ol A LIEl 2 o] 2xIAEAMH LR oEAE ¢HEA, HAAY AAE 47 ¢
A= W0l (WO0)/WE 4 H¥o] HyHoltt, o HIHE EY %ol
1.6 - 3.0%u 2] Helojgr A% TG E& 5 dArt A HAHAME
2HA oM HUiEle B ol wel Jd=Fx date] AU delAl= A2t
LELYE T,

Fig. 7& Fig. 68 A, B 12|31 CHoIA 2] U=} HHE F3 dAnjg A
o2 vepd ZAzloltt. IdlolM uelut A H Agl CHolM = FAFEE At
]2 Xalt},

Fig. 8& HXE Hrisle B ¥& 258 1A 2vtAolA drjo] H
ZIEle= Bo oo wtE #ZME H7] $8], 3¢tA AdHeos A= oW oEA
o] adxtza 7] HEE vepd Zolct Al HLE AY o IE EF5ta FHA|
of 71" E2 o ulel dap Z7I7t Aot & BAF 5 - 17%8] 4
Holl A mMsla FLE PAE ZUE AdEHE EE&F al%-% o 4 gk

e
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10 - 12%9] o Hrl B8 2okt AE EFol goldol whet B
o] o] Frh. ofRE 5-17%2 £ FZolA fatule]ZRgeldol BEHE
olmjgict. Fig. 8olA A@ Fusjo]l Hrisles B Qo weh =7t &3
& o4 9l I B 2AUCE HF v odEA gte] A7E WHA

Fig. 92 Fig. 89 4, Bot CHolM o < B3 Wulz Adeg vehd
Aoltt, Fig. 734 el A%k Cof 9 AvIxjelst wol W& & 4 vk w
ehA 2vbAl WAty Hrhe 39A AN E olgstd HF dude A 27

2PY 471 QUin DRHI, cARMERT ARl Ug we
Qs+ o oA YANE 88 4 aar

4. 4 &

Hlo]& {34 E polyoxyethylene (20) sorbitan monosteareate, sorbitan
sesquioleate, QU4 S E liquid Paraffin, &4 2 F deionized water&
Apgstod o/W o BAL Azstglon, MUY FY FEHE ol &3t 1,
2, 3utAL] 3712 WH o g Azl ZF ABAF G AMuEUT, EI 2 A
- HE BUlEE Bol HF oW oEd Uxtol niXe 4V LMY A3 i
3} e RS 2e4 AUk

1. Homo Mixer& At&3lo] dojzl o/W ofdd Uatict A4
stod Az 0/W oEAY A} ulMste FATE U+ AUAR, S
Sabolejsl FoiA Al FUT YAE ZE /W EFLS W0l A
(§/0)/W ol FoHA o R FHAATIAE AHofYt & 4 3l
"‘°E¥E‘E’C} Tr}*}ﬂ]"’]ii":'l”"] HAAEE AR ALG3Hel o%d nl A8t

I FA AAE derke RS o +Adnh '

2. A4 F3pEE 01%5}0”] A z2g oMl FdY YAE e o8 oAEA
& Z3F ulol §3}Ae] HLB7 10.0 - 10.82] dolr deojzxlor, o] HLB
HelolM g 7g3EE BYE 2D AUASS ¥ + Al & Uil
3" S3A7 2 FHoly e M gE ¢
O/W o "ol dolHrt

3. 2vhAl AA S3eA 2ExE HIIH Eo| o] 1.6 - 3.0% & Foof
o) oA YRS zte o/W ol Ho] B HAonm of HeKch A
2 org H7A e EgFsT 2 UdaAE A oEHe] dojHTt.  3&HA
2 3o s 2ntAlolA Ao} HEAEE B o] 5 - 17%2] F A A
M3 FUI YAE 2t fajnjol A Ro|dHgelo] HA €& d4UA,
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o] £ ¥& =AYl wet HIF LA A7t thE AEAE E& + Adch

Abstract

o/w emulsions with mixed nonionic surfactants(
polyoxyethylene(20)sorbitan monostearate/sorbitan sesquioleate), liquid
paraffin, water prepared by direct inversion emulisification method and
continuous inversion emulsification Method. The one-step, two-step and
three-step phase inversion emulsifi-cation method were wused in
experiments, Effect of added water on droplet size of final O/W
emulsions which is prepared by phase inversion emulisification method
were investigated. In direct inversion emulsification method(two-step
emulsification method), fine and homogeneous droplets of 0/%W emulsions
were fo-rmed after phase inversion steps i.e.,W/0 - (W/0)/W double
emulsion - O0/W em-ulsion. In continuous inversion emulsification

method(three-step emulsificati-on method), fine and homogenuous O/W

emulsion were formed after phase inversi-on steps i.e. W/0 -
pseudomicroemulsion - O/W. By latter method, more Fine and
homogenuous droplets were formed than former method. 10-10.8 HLB
regi-on of mixed non-ionic surfactants could produce most fine

droplets, This HLB region had maximum values of solubilization water and
This HLB wvalue of mixed nonionic surfactants produced fine and
homogenuous droplets,
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Fig. 1. Effect of emulsification methods on the droplet size of 0/W emulsions
emulsion contains 28% LP#70, 4% Tween-60/Arlacel-83, 68% water)

a) emulsified by homomixer

) emulsified by one-step phase inversion emulsification method

) emulsified by two-step phase inversion emulsification method

) emulsified by three-step phase inversion emulsification method

(
(
(
(
(
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Fig.2. Microphotographs a (W/0)/W type double emulsion{(a) in two-step phase inversion
emulsification and pseudomicroemulsion(b) in three-step phase inversion
emulsification,
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HLB 11.0

Fig.3. Effect of HLB value on the droplet size of 0/¥ emulsions prepared by the
phase inversion emulsification method(emulsion contain 4% Tween-60/Arlacel-83,
28% LP#70, 68% water)
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SOLUBLIZATION LIMIT (CC)

Sep—— \ +15
24 +10
O\
O A
O
OG' f t } } f } 0
0 2 4 8 8 10 12 14
HLB

Fig. 4. Effect of surfactant HLB on solubilization limit and average droplet size of

0/W emulisions prepared by the phase inversion emulsification method(emulsion
contain 28% LP#70, 4%Tween-60/Arlacel-83, 68% water)
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Fig. 5. Electrical resistance measurements against added water in one -step phase
inversion emulsification(emulsion contain 28% LP#70, 4% Tween-60/Arlacel-83,
68% water).
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MEAN DROPLET SIZE (MICRON)
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INITIALLY ADDED WATER(%)

Fig. 6. Effect of initial added water on droplet size of final 0/W emulision prepared

by twe-step phase inversion emulsification method(emulsion contain 28% LP#70,
4% Tween-60/Arlacel-83,68% water)
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Fig. 7. Microphotographs of 0/% emulsions prepared at point A,B and C in fig. 6.
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MEAN DROPLET SIZE (MICRON)

14 L

12 +
C
10+ e
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O : o J\\IO‘\\I/O | | |
0 4 8 12 16 20 24 28 32 36 40

SECOND ADDED WATER(%)

Fig.8. Effect of Secend Added Water on Droplet Size of Final 0/W Emulsion prepared
by three-step phase inversion emulsification(emulsion contain 28% LP#70,
4% Tween-60/Arlacel-83, 68% water)
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