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Abstract : This study is described the stabilizing technology of water-in-oil (w/o)
emulsion and the mechanism of emulsification with quaternium-18 hectorite (Q-18
HTRT) by swelling action. When Q-18 HTRT is dispersed in oil, it swells and
constructs card—house structure adding ethanol, and formation of water phase is caused
by hydrogen bonding. The gelling activities of Q-18 HTRT were excellent such as
mineral oil, squalane, cetostearyl isononanoate, isostearic acid, cetyl octanoate, octyl
dodecanol and so on. Especially, when oil gel containing Q-18 HTRT passed one to
three times by Roll mill. It made the W/O emulsion cream (W/O-ECRM) having 2.0
w/w% of Q-18 HTRT and also produced the control sample (control) including 3.0
w/w% of cetyl PEG/PPG-10/1 dimethicone. The stability of after 24 weeks, Hardness of
W/O-ECRM dropped 7.48%, whereas hardness of control went down 57.71%. As a
result of these test emulsification of W/O-ECRM is superior compared with control. In
cosmetic, Q-18 HTRT can use as suspending agent, oil adsorbent, emulsifying agent,

dispersing agent, viscosifier and pigment.
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2.1 M=

ATl AREE Al oE Ex SFES ST 43S AREEn, WO oHa
= ZA87] st f3AE quaternium-18 hectorite (9]3F Q-18 HTRT; Elements,
USAE AH&et3lth. B&A2 % glycerin (Henkel, Germany), 1,3-butylene glycol (o]}
1,3-BG; Dicel., USA), Na-hyaluronate (°]3} Na-HA, Bioland, Korea)Z A}-43}9tc}. 4
A2 cyclomethicone (©]3} CMC; Dow corning, USA), isononyl isononanoate (©]3} ININ; Kokyu
alcohol, Japan), capric/caprylic triglyceride (°13} CCTG; Kokyu alcohol, Japan), dimethicone (13t
DMC; Dow comning, USA), mineral oil (¢]3} MO; Penreco, USA), isostearic acid (©] 3} ISA; Kokyu
alcohol, Japan), microcrystalline wax (©]3} MCW, Strahl &Pitsch), tocopheryl acetate (°18} TA; Roche
Swiss)E AHE3ITh E&H, Q-18 HTRTE ¥+4¢E 2 propylene carbonate (Tokyo kasei
kogyo Co., LTD., Japan)# ethanol (Sigma)& A}&3tth Control F3AZ cetyl
PEG/PPG-10/1 dimethicone (Glodschmidt, Germany)& AH&8t%ith 718t 2 Ao Al&
RS 4FL2 AF 2 GHEE 45E HEY Ay Qo] aE Al EEg).

2.2. 717

37342 T.K Robomics (Tokushu Kika Kogyo, Co., Japan)Z& A}235t% 11, BAF 24X
2 Agi mixer (FFFHEF), F3)E 21435t Q-18 HTRTY #4lo] & HE=2 3¢
Roll mill (Kaxakt, Germany)& AH&-3t3th f-23YAE #2817 st @9 (model
LSP-13, Russia)e AM&3AT Geldld 2 =A317] 939 Sun Rheo Meter (Sun
Scientific co. LTD., Japan) A% &% 7|5 AF&3}9t).

(@ oll —| Swelling |[€¢——b) Q-18 HTRT

l At RT, for 5min,

Mixing [4—— (c) Activator

l At RT, for 10 min, A/M : 3,000rpm

Roll mill

l Passage through 1~3 times

Gelation
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Fig. 1. The manufacturing method of swelling activity with quaternium-18

hectorite containing oil, RT: room temperature, A/M : Agi mixer.

Table 1. Physical Properties of Clay for Bentonite and Hectorite

Hectorite Bentonite
Chemistry Mg-based Al-based
Platelet Elongate Equidimensional
Dispersed particle size | 0.8 x 0.08 x 0,001 microns! 0.8 x 0.8 x 0.001 microns’
Swelling ability 35X 15X
Color Light pink to tan Gray to green
Iron 0.2% 2.3%
Viscosity (at 5%) 100,000 Ps 750 Ps

Y dirpersed particle size : width x length x height

Table II. Composition of Water-in—0Oil Emulsion Cream with Q-18 HTRT and Normally
W/0O Cream with Cetyl PEG/PPG-10/1 Dimethicone

Phase

Ingredients

Content (w/w%)

W/O-ECRM' Control®
(A) Quaternium-18 hectorite (Q-18 HTRT) 2.00 2.00
Oil phase | Cetyl PEG/PPG-10/1 dimethicone - 3.00
Carprylic/carpric triglycerides (CCT) 2.00 2.00
Isononylisononanoate (ININ) 3.00 3.00
Cyclomethicone (CMC) 6.00 6.00
Dimethicone(DMC) 5.00 5.00
Isostearic acid (ISA) 2.00 2.00
Mineral oil (MO) 8.00 8.00
Isopropyl myristate (IPM) 3.00 3.00
Microcrystalline wax (MCW) 2.50 2.50
Tocopheryl acetate (TC) 0.1 0.1
(B) 1,3-Butylene glycol (1,3-BG) 7.00 7.00
Water Glycerin 3.00 3.00
phase Na-hyarulonate (Na-HA, 1% soln.) 2.00 2.00
NaCl 0.80 0.80

D.I water to 100 to 100
(®); Ethanol 5.00 5.00
Activator | Water 2.00 2.00

Totatl to 100.00 to 100.00

W/O-ECRM! : water-in-oil emulsion cream with Q-18 HTRT

Control? : generally water—in-oil emulsion cream with cetyl PEG/PPG-10/1 dimethicone
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2.3. Q-18 HTRTS| geldtz] AMH
Geldtd A2 A% 4L Fig.1d YehATh Fig.1olA 2 vy 2ol geldA
< A% YHeE 43 FF 24 (@9 (B 10.0~12.0 w/w%e] Q-18 HTRTS iz;z}
. od7]e] ¥rSEol 0.1~0.5 w/w%9 ethanold E7}3 t}2 Agi mixer® 587 53]
N7 gelo]l FAHT, FH gelstdE S7HA1717] 98] 3T Roll mill& 0834 1
oA 33 FHAAZIE wAT gelo] FAEY. ol WHOE AFFAA M gol A}
stz Qe 98 71A oilFol el geldt AEE EAsIPed, o] Ans nigoz o
Al S AFRSHA 3 HA9 W/O Ee W/Si f3tetde a2d& Ao

fu o _bi_', F—lE (ol

2.4. Q-18 HTRTE AZ3H W/O o|HA I & =H|

Q-18 HTRT®E AHES W/O olEd Feje] 28L& ZASGT. o] AL shFFed
ojA IR Aoy, AF FT& Y o 7HR 2dg HYHoF ALt UA
3t water—in-oil emulsion cream (°]3} W/O-ECRM)d)] gl ZA-& Table IIo] Jeldigich
W/O-ECRME ZA8l7] 98t #3tAE Q-18 HTRTE AHE3tdtl. #9424 CCT,
ININ, CMC, DMC, ISA, MO, IPM, MCWE #}&3t%ith, =8 HEa|Z glycerin, 1,3-BG,
Na-HAE A183l9 2o, 43 Al2 TA, NaCl, ethanol, PCE AHE38tt}. 500 g W/O-
ECRM¢] %A= Table 19 $Fd2 (AT BAFES Zz A8 AZsted 70~75°C7HA
7h2 £33 g2, (A (B)AES AA3E FYsHAA Agi mixerd ol&3la 1,500 rpm<
2 1083 BA% or)d (OAS #7sla, oAl 3,000~4,000 rpm e E 1087 2450
2 A SAdg Ido] P48 wrtx] FES) BAAZI o] A 8E 30°C7HA 37t
o AxE A55Th Control® oo T WHoE x4 3lvt. A=E W/O-ECRM
9] pHE 6.12+0.3 (n=3, SD), AEE 32.1 dyne/cm®0]9)o™, control ¥A] pHE
6.1740.26 (n=3, SD), AL 27.8 dyne/cm’Z 3 AT ZH& 7| AT 24
dE F AN

2.5. St T =X

2.5.1 Q-18 HTRTS| gelEofl o|st A EH

AY 2.339 gelst g o] &3dt9 Q-18 HTRTZF 429 oile] F57o) wel gelst o
gt A= SASUAT 29 SAWHLE WAE 6 cm, E0] 10 em?! FHE 52 £
2go) 7|27} E071A] FAl ot 193 543 T Sun Rheo MeterE ©|&35td HA=E
A 39 Gelstd L o8 7HA oilF: FL AAETHS AAsie AFsignh. A=A
AH&E adaptore F710.2 mm, 94AE°] 1 cmd A& AHEdIY 2H, $5%+ 120 mm/min.,
Zol= 200 mm/min® At FHE T FE (hardness)?] A4k ob# (D ()4 &
2§38t ALitskadct.
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W/O-ECRMS] B4 % $JollA A3 WHH 54 IS d83ideor, Ax SAHVE
Agsle] AxzA =890 o] 7]7]18 ol4sld AxE =R WAL ol (1) (D)
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a
G'L
Hardness = dyne/cm® ———--———-~—- (2)
1 a

L = Original sample height
1 = Compression distances
G = Stress (g x 980) dyne/cm®

a = adaptor area
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3.1. Q-18 HTRTSl SA T} |3t HHUES

3.1.1. Q-18 HTRTY +&x¥ &7

AdwrH oz HAEeo]EE Table oA B ule} o] iEV | ES vus & o, 7%
A, QEAYA AolE 7t un Y}, dEFHO)EE F2 Mg Hlolaz do FAH o,
Ao goreg 1 ®gL Jtsa Zd9, A7]E 0.8 x 0.08 x 0.001 pmolth. L
A7) A Ao oF 358 o] AAY, 5.0 w/whe FEHEE B wf < 100,000 cPe
A=t FAdAY. dH, HEUE9 EXAL Al Ho]AZE 331, O B¢ ¥ ARG
& 7HA3 o, 39 #9uR, 37)& 0.8 x 0.8 x 0.001 pmolth. BEH-L 7] A
o o 159 A= AAY, 5.0 w/wn] HEYEE HEA A o, ¢ 750 P9 H=7t 9
4 A}
Q-18 HTRT= FEgo|Ed 47 &g F42E dalsted 2709 CHy71E A &8, v
A}z F2E tJAlste] 2HolA(CgHs)71E A 83819 quaternary 725 FAAAH 7] ¥
AAA AL EZo|t}, o] Edo g BAFRY EAEE Fig. 20 Yehidd MgOE
Ho]~2 & dEeolEVL 47 AEF 4LrE ‘1%6 T TEEXR, #7184 A Q-18
HTRTE ©E + Utk o] 249 5L #8484 EFd digtd ZHd F/HEL /HAn
doH, & FHste AZE A 7t Yo ol 53 "R ¥ F38E st

o

1]
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2§ o Q-18 HTRTE 48 MY #x7 Aol BAYA oiler o2 gelstrt #QD&A

Hectorit

NaCl +

Fig. 2. Schematic diagram of qurternium-18 hectorite synthesizing bentonite and

quaternary ammonium, R;:CHj, Ry:CHj3, R3:CigHay, Ry:CigHay.

FEE T o], 2d9 FHEE F7MA7)7] 98t propylene carbonate, ethanol,
triethyl citratet} %9 43h4 5o activator® H7}gch o] activatoro] o)ste] of g
A4 Q-18 HTRT7} oA WA #e <o 2dE T/ 4+ At ol FAlg o8
Keizo1V7} Na® Zrg2UolEE A5}l o] Ffgol sty H3l o2 Fd
atrtal AlsdT

r[o

lo W
ruzf”

3.1.2. Q-18 HTRT9] 3 nﬂﬂ\flz—

Q-18 HTRTY 3 d#AUF2 Fig.39 A =2 Yehfd) Fig.39 ()t 29< gel
A7l dAYEolE, (e 748 geldtsts o2 Ul dwzoz Q-18
HTRTE 7t=E 4 A3 %ol & 722 FAsta Utk ¢4 298 gelsists whygo
24 o8 Ho=z o)t Q-18 HTRTY activator® ethanol, propylene carbonate,
triethyl citrate\t 53¢ #3418 dod B9 A F$o gA450] FolA et npx 7}
ok 22 Y9 e v=E AMFE WA 9EAY. oAL 5A “sl=st¢2 (card
house)” &t A3}, Fig.39 (a)9} &L 7% wjdso] 1 Alo]Z thdst 998 FF4AHA
gel2 A *]Z—__l T °‘C} 2 ATl E AR 2AFH S 1835t activatorZ4 ethanolyvt
= 7k 3 Adshaloh £, Fig.d (b)e] 2hdX BE niel o] 82 Q-18 HTRTS 9
H2 -OHEo] wjEHo] Qlof, o] -OH 2§34 H,09 422 3t < holding &
Atk 9 FHEL A, HSAHY 2¥9 EA uat deixn, oY ExpzFon,
potentiald]l WM gel FAlo] Ztr7] detd 4 dula o|Z"u}. Fig.d= Table 119
W/O-ECRMol| that 3@ R welth, Figd4olA BE vt} o] Batio] Hy00)H,
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(b) Structuring mechanism of water phase by hydrogen bonding on swelling reaction
with Q-18 HTRT.

Fig. 3. The schematic diagram of hydrogen bonding mechanism and swelling

structure in W/O-ECRM with Q-18 HTRT.
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Fig. 4. Schematic diagram of water—in—oil emulsion cream swelling
Q-18 HTRT, /f : fine particles of Q—-18 HTRT.
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AEEL oil phaseZ & FFFHIPY F372E FAIL Oile) &4 Q-18 HTRT

o] oil& %@s}tt] 49 -OHEHA] 4224 S doA AT 3 +25 4
Adde A& BoFE oot Ed, Al cetyl PEG/PPG-10/1 dimethicone& A}
oty AT ddALE T F2E FA s, geld] FAo] HAPol T} HE I
dol o Ren, olF 3t WL gelstAlE QolFolof e WAl YU Q-18
HTRTE AHEE W/O oldd AxBloXs Bx9 gelstale] Atgo] HastA gFon, &
gAY 7% Zol ZHAa Qlo] ME f3k dadA] g FHE /M dod B A
TFoAAE geldrt & He AT & HA ¥v AL S oz Algste HAT gels}

g2 714 + slon, $EW F3ES 4+ A= =4S

Table III. The Gelling Activities of Q-18 HTRT by Measuring Hardness

Oils Gelling activity Hardness
(dyne/cm?)!

Mineral oil (MO) ® 412
Squalane ® 187
Cetostearyl isononanoate (CI) ® 465
Isostearic acid (ISA) ® 568
Cetyl octanoate (CO) ® 342
Octyl dodecanol (OD) ® 325
Isononylisononanocate (ININ) O 178
Carprylic/carpric triglycerides (CCT) O 43
Isopropyl myristate (IPM) O 62
Decyl oleate (DO) @) 54
Octylmethoxycinnamate (OMC) A 17
Macademia nut oil (MNO) A 23
Alkyl (Cy5-13) benzoate (AB) A 32
Jojoba oil (JO) | A 24
Cocoglycerides (CG) A 16
Olive oil (00) A 22
Butylene glycol dicarpylate dicaprate (BGC) A 14
Dimethicone (DMCN) x 6

Cyclomethicone (CMC) x 7

! Measuring condition : diameter : 20 cm, thickness : 2 mm, speed : 120 mm/min, depth :

20 mm/min., n=3. Gelling activity : ® : excellent, O : good, & : normal, x : bad.

o

3.2. Q-18 HTRTS Oile} gelslzin} so|H X} zHA
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3.2.1 Q-18 HTRTY Oil gel=ty

Gelsl® & 2d29 2334 oA A¥sHon, Fig.29 geld Wi wat o8 £59
edo tste gelstq & SAEAT Z2he] 2dd) dist 12.0 w/w%9] Q-18 HTRTE
Qo] F8o] 100 w/w%7F HA T thg, W3S AA, ethanol® PCE o] Agi mixer
2 1083 E4tstx, oA S 1~337bA] Roll mill2 BAHA}A geldt gL A& o
249 gelstd 53 ZFAE Table Il Yetdth. Geldto] 7} & & @7, 25
Ag «O”, Z2F 43 AL “A7 Y g “X"Z FA53 ) Table 119] Aol e} o)
MO, squalane, CI, ISA, COE gel3t8 o] 3 JEo|%2m, ODC, ININ, CCT, IPM, DO
HE9 geldt §AL 71X 3 YAtk 3§ OMC, MNO, AB, JO, CG, 00 @& geld EA
< 7HAa gl ¥, DMC, CMCY 2%, dAIH o Z gelo] 4 HAT 2de AN
o] ettt A Ao e oW activatorg AlE3lEgt® EEl@dAdo] dojyttt o] AR
of thate] gelo] FAHES steld 90 FFs FTrlste HHe U + g

o o

700

600

500

400

300

Hardness (dyne/cm?2)

200

100

L kil bl
A @] ] > ¢ @
f F P L & & ¢ o &

Fig. 5. Hardness of oil with Q-18 HTRT with mixing ethanol at the treated three times
to the Roll mill. Showed bars was S.D, n=3.

Fig.5€ dA 33F Ador F2 Algstn g 29 e gelsts®l S vhebd gz
olt}, ¥ AFoME activator2 ethanold}t PC, 2 A& tste] geldtd L 4319t}
Fig.501A4 X vie}l Zo] ISA, OD, ININSoj A= activator® ethanolg AFE3E o gel
871 2 A4 =908, MO, Squalane, CO, CI A E PCE Y2 W7} gelo] 2 44
A Activatord] F7ol wel 52 299 SAd wet geld ol 247 dZ2A Yehd=
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MAX.1600 Q-18 HTRT Powder  20um
(a)

MAX.1600 Q-18 HTRT Mix LP  30um

(b)

(c)
Fig. 6. Photograph of microscope of Q-18 HTRT gelling activity. (a); particles of
Q-18 HTRT, max 1,600, (b); particles of Q=18 HTRT with LP, max 1,600,
(c); particles of Q-18 HTRT with LP put ethanol, max 1,600.
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g Aoz FAAY B AToAE <
Fig. 5 vlmsla] BAs) &
FHAE 29 250 def da A o

3.2.2 Q-18 HTRTS| &io|Zd X3

Fig.6°14 & Q-18 HTRTS &n| 4 53] 1,600m9 vlg=2 stfste] Baa Aot
Fig. 69 ()& ¥dv|Z<& F3] Q-18 HTRTY #9ris #AZ3 Aoz A7t 33 B4
Agt AL & 7 dA3, Y EF MO £33t ©&s| Agi mixerZ 38 BAHAIDN
Abdoltt, odo] BEEH A AA eS¢
S Egate ofx YA 2 1087 BAE AR
A= AT gelo] & HAHYCH } . Fig. 7& MO 12 w/w%9 Q-18
HTRT® 0.5% ethanol& Y3 10 obA] YA & 4 oh, 3¢ Roll millg AH&-3shy
1338 337tA] AHeleh &, dvd JAE 2,600812 ol #atglk Abzlolt), Fig. 7014 B
= ukeh Zo] Aelsg 2L ()= Q-18 HTRT7} oild #H&dte] & Aatet &7 B35
oF 40 mAVIZ A FAHBE & F Y3, 3¢ Roll millZ 13 (b) A&, 23)(c) 2=, 33
(@ A Algolxe] duld Y= 10 moldte] A2 o} F YT gelo] FAIRSE
& F Ak o] AR st AEE SAs 2 A, 13)dA 33 A Al 412904
425 dyne/cm’2 A9 FAHE AE 4& ¢ AT B AsejA o Zo] 3T Roll mill A
= 13 A2 AMstd s dsatd, AEFY F4& nestd 33744 A st AMEEH
=3

T Qg EF ()= activatorZ ethanol
dul A Aloln, AlRlol A e} Zo] FU&}
o)
M

fr de

pid
Lo o
=

A
s

i

4>

3.3. Q-18 HTRTE At&er W/O OlEH™ A9 otdd
FEFAGY odRAM dubHoz Algsfob st FIAS AR %@, Q-18
HTRTWE AH&3ste] W/O-ECRME o= & e °]&2 suldAs anx] Foprz] o
deh 2 A7 E B8k f8halet gelst 54E FAl 7HAR e Q-18 HTRTE AH8-&
o A7 Sl ABAE UHE £ JATh Table 119] W/O-ECRMo| AAlE 2A o] F3
3 ki W F e sttoltt. oA oln] AFF

=
W) wel dYAE TEI, o] AgE AANS wE AHEE SASAY. F3 4F
=9 §& 7|7 x7|HE 24F0 25F0=2 FArE FAG oY, dtdow s B
o] A} g35tal U&= 342 cetyl PEG/PPG-10/1 dimethiconeg control® a}ed ZA}gE o
44 A9e Y% 2oz {3 dAEE AN 2 ZFHE Fig.8q YERAH
Fig.8o]A ®iz wle} o] z7] alz¥ W/O-ECRM®] ZEE 32.1 dyne/cm” o]9lod, 24

F Fol ARE 297 dyne/cm’Z F 7.48%AE dtEa uld . controlol Al 2] AL
27.8 dyne/cm?, 245 %9 A= ok 11.2 dyne/cm®E W 75.71%7F WolA= A3t
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(a) (b)

MAX 2600 Roll mill 2 times MAX 2600 Roll mill 3 times 10um

(c) (d)
Fig. 7. Photograph of microscope of the gelling activity of Q-18 HTRT containing
ethanol with in LP. (a); particles of Q-18 HTRT to free mix with LP, max 2,600, (b);
particles of Q-18 HTRT treated Roll mill passage through 1 time with LP, max 2,600,
(c); particles of Q-18 HTRT treated Roll mill passage through 2 times with LP, max
2,600, (d); particles of Q-18 HTRT treated Roll mill passage through 3 times with LP,
max 2,600.
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Fig. 8. Hardness of W/O CRM compared with control (normally w/o cream) during 3
months, showed bars : S.D., n=3, p~value < 0.05).

249 Ey@gol ¥ vewth oA g SAF FoAAe ofnnl t-testE B3 7

& A3 p-valueZt 0.05RT Z& gt 7tAo 2 954 o] e stola}

Rt £, FLT 7)ES 40°CH 5°CY ueH A2 zddAY HPHLS A, W/O-

AE 24FFE 2719 HAEE FH5t3 dE Aoz Ul ou) controld =

3], 2of A T"rz‘z}sl =475 AshA vEtwth 2gd oz dut FaAle 30 4" =

71E A=rt 4A3HA TrXIEI OLJr AlZkel AdE RE dAo] ved Aoz Bo},
29

4. & &
FEFE £3le WEYOEE {7)WA 8 A7 quaternium-18 hectoriteE A}&3}0]

water-in-oil ABAE A= dWAYUEH ethanole AT geldtd Ad8 2 W/O
NEH AE F3 dAHAY Ao B 2PATE o2 2.

1. #39 "gAYZL TS Q-18 HTRTS -OH%9 FA2A% ] oste] WA=
H, QAR actwatori/ﬂ ethanol& Al&3}9] card house 7RE YA std
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BEAFeZ AT W/O dEAE A3

2. 12.0 w/w%el Q-18 HTRTY oil9] geldtE2 ethanolg activatorE AlEFS o,
7V -Or"F—é} 0il2 mineral oil, squalane, cetostearyl isononanoate, Isostearic
acid, cetyl octanoate, octyl dodecanol®]l 7}& $438}Q 1, carprylic/carpric
triglycerides, isopropyl myristate, decyl oleate= HE9 gelz}& & 7}X 1 9o

1, octylmethoxycinnamate, macademia nut oil, alky! (Cys-13) benzoate, jojoba oil

cocoglycerides, dimethicone® cyclomethicone & gelo] FA%A

3. 2.0 w/w%2 Q-18 HTRTE &#3t= W/O-ECRMI control2 3%9 cetyl
PEG/PPG-10/1 dimethiconeg 3t AY¥E =Astgt. W/O-ECRM| pHE
6.1240.3°]12™, A== 32.1 dyne/cm?o]fdth. =3t controle] w3 pHE

6.1740.260190o9, A5 E 27.8 dyne/cm’E FYd AR=S A}

4, 3 AR =X AT W/O-ECRMY 24F F9 SMAEE 748% AL Fsls

HHH | control 57.71%7F BojA & ®eich wlgbd W/O-ECRMe] control®.th <F
Al AL & 4 Ik
A}

webA], At F3AE AFSSHA] @a, #7] WA AEFE £35l= Q-18 HIRTS
23t W/O-ECRME& ZAtE w4

o] 7ksstelel 7ivdnt.
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