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v vay (HAb®) BEx A ARICBWTEE A& ZR-LTEY,
B PES, ERMLAREZICDE S0 T, EEATEH S TS, =
v varEiE, AVICELYVEDRWIRIEIZEBW T, A HoREFICH 5
DEEPENLS nE SN ZREZRT, ZLOHAERTOEEZIKTHY . b D
FHOAIREZE THHE) &S5, =v vy a VTR ENICRRERRT
HoHI-0, &, ThbbOHMMENEE L CHEHICA DY, =~y a v
S5 ENRLIILIEFEZ S (Figl), =~ vy a 2 ZEALTHZODORE —
R 72 5T, RETEMEA 2RI 5 2 & Th Y (Fig.2a), EH Lo/ bES . & 5
MELERNICMYVIAEND ZENZVHBABOBEICIE, ZaomnIEs 4 v
PR G A — IS, o, bR E (7 =30 7)
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T2 A, Rl B A o0 R B L2 B A R IE e AR R o BERE A & R O RIS
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SBMRITZINERRY B =27 TTSITHN, MW HEDL S5 6T 5K
il BT D72, AAZ XA NEHEKAL L TIERICIERT 22 &%, EFIC
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1-3. Rt @Em L X
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TRFEMTH D ERBEICHAELZBEICDE > T, <D ET I v 7 FE
ELTHEDLATWERN EFETER) =R EOFKEHE T 7 LV THEILL
TenA 7Yy RMER, B L) RMERARBEL LY br=V X, 74 b=
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— B, T (clay) ) 1. v U — b (FABE) #8508 A KD C.
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EWOMEEE b AR AT, —J5, T L8 (clay mineral) | 130KE = 0> = 72 4% Bk
WME LD A B ERT, K EEWICII KRS b AERE b EEL, K&E MR
P L ISR Ll KRELS ST oD EMEEMITITXRTC T 1y s
—h (BRYU 7 —bF) ThHD, WL ORSEMEE & 9% Table 1 3 X O Fig
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2 IR 24

MM AR T D uR L, HBRO FEME TR LR L TH Y. O, Si, Al, Fe,
Mg, Ca, Na, K, H, ® 9 OB ZDIE LA ETHDLIN, AK~TATOHIZIEIF 25
CbOobHL, 74U = MI2RIEWICHER ST E KRS — F &EEK Y
—hE2EALTVD, MEIKRIEZ, 4250 0 LEAN LT SIY, AP, Fe¥'nb 720 3
ODERZBEOMEKREILFT D LT, 2 RIEWIZERIZ O 72N H
MiE % 2 L CTWw 5 (Fig.3, a-b), NmiKix, 6 >® O Ll L7z AIPY, Fe¥', Mg?",
Fe2*22 o720 0 NEEKROD =B & HHF L T\ T (Fig.3,c-d), SEFRG T — %
BT 5, NEEDOFLEREN Mg &0 21ffif &> ThDHLGEITIT, T 3T
DA T R A A DBANDLN, AP ED 3MDBGA A OEEIZE, BA
AU O 1/3 X227 5 (Fig. 4), AiFE Z2 2 NmEA, %F %2 3 \miEm e X
Ao 2 NHEEALE 3 VE AR DAL AR DBV S Bk 2 2R LR e M &
WELEZLT RO, KMEEHOSEDO oD EHEL > T D,

T A BT MEAR— M NEERS— FOHEGOBRIELZILGT L2 L
ICEoT, ZNFROY—FRFBEALTWVWD, AR EEEZ L2 T2, |
DDA T PO A F NCEES WD LB ZFIIZER & W D 2, § 2 X0 E
Ky — o SiY"a AP F"NEMT 2 &, EEMBRNE LEREOEMNITA
D, EERENEEREY— MO AP Fe'a Mg?'° Fe? 2@ L C b [RERIC
BEROEBEMITA LD, 2O X110, BEENE N -EM % J8 &M (Layer Charge)
LB, MEED 45D SO B0 1 oBn APHICERIND &, BEMIT L &
2%, MEMIIH LI OEE EMEE L RO DEARNRKNF TH 5720, J&E M
ko Th M LmmiEnEIns,

1-4. BHHFE L TOMLED

i I DK OEEREA & L COMRE 1T, T30S IR HI B AR S0 R o B RS
ZEMLOBMA R EIZERIN TN D, AL LT, EICHW L8 LI
WIZAA I XA N THDH, AATHA NIEEMD 0.2~0.6 TH V| BB Z
I, EREIZ Na"™® Ca?* e EOBA A B A-TWD, ZOA A4 il
OB A A EBEHREND D, ZBPEGA L EMEND, BICEENDHA
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FrOBESC, ABMOFMESTT (WEES — FORBERIC KD O, VHEHE
= FMORIEEBRICEDON) T AATZZ AL MIZIHIZMMNAS  ~7 M7 A4 K,
FrEUVRFIA N PRFTA B, RATTA FFECHESINATWD (Table 2),
ngmﬁiiim\x%&&%%@x@i%%ﬁ/i%ifw@ﬁﬁfm
AL TEBY, KFTIEBA A OREEICIVEMICZEDKZ LD AL
JEIXHBES S,

AAT B A NI OMREIZ O D IR BBRES, —HAAIZEDY
BEL OWERLRINTVD (2 BB, I A D =X LICHT 2 /&) O ®mE
l%. Freundlich IC X2 FFY mJ A haEWS LT LB T A FxKIZ
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TFNOREEE T AL A T = X AIZDOWTIE, 1930 FRpbEmR SN TEBY, K
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SWRIEWR AR Yy U = Z BRI BCR OB BEEMKL T £ D L OFRFER 251 11
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Shdéashdit "Th2D ., THIZHETL2EFOHREILR. EIZEM~Z FT A
FTHDTAEFA b (BYK Additives & Instruments £:5L H7 B 45 A 13 b 8 Y
JRL ) 28nm D EFEEZ OB MR F) BHAVLILTWVD
ZOXRIICHEZLOBRERDHDIICHLEDLT ., AAZ XA PO A D =X A
EFREBIZOWTIERRAHTBLT . IR T A MNIHET I LETOERRT — 4 %
MATELET VR ELEGFELR Y, £, A AT X A4 NT VTR THEE SR
EREANTD =7 EMENLBRR AN, =— P 73 -< D
CHEATL, FHNTETI2EHAELHLN, 2OA D =XLIZHO>NTHETIT-
T LT TR,

AATBEA NDRWEGA F % 4kT =0 LI F A MR mIE A &
R LT E 2 AR TERE RO & D AERAVER LEI T BRK AL & AT
AT TR E L7 SR IEMER O B 00T THUKBI Th v AP C g M IC w2
MYiAteZ & CTHBE, DBL., HDI2FEOAHBEAZHK T2 L BAREL R 5,
AATBZA NOKOERIZET AR LBR L T ABEEARA X2 AL NOF A
JUHE RS RE O S IC B T 2 M X E BT e S0 IR D XA = X AT L
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WCHEET DKEBREERE £, KA X J — L EMNEL TKRERA L, &b — i
MM EE LI LD RABEEERTAIEEZLN TS 2 | T Ric o T
1-5 THELIBRRD
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AREZEVER LIMIT. T oA A VERE R R L. BB, A U FICB T D E
NEBB LA, BERHEREB IEAlE LT, £2HIRA X281 2 8kA 13, I 2
FUTBIEARIE LT, U — A i, EEAl SOV Ar U—FRER L LT
IR FIH SN TWD, ZAALRED H 72 &3, @~ hiE kY 'E o @18 1) % Fl H
L. AREIBEYREYE R EORER 4T L LT, -BMICERLEFMYWE % [E 1L
THIEL T MRAREELRETLIMBE LTHEAEZBO TS 1819, 20 fit:fd
DD ZTAHPBIEFE, R~ —Z2 BRI IALESILIET, TT7AXF v 7D
W REZSERICmMEIERETF / a A Yy e XIENDHMEDN S A
FEND L DT o T 2024,

ARATBZA NOREMIZEHGA AR TFPRVIAENDLZEE2 A X —T1 b —
areWnWd, TAXANT UE=ULBTF Y (AAC) DA AT XA NER~D
A==y a VEBIZOWTIEHS LRI TS 22, —RAYIC
ARATHA FNOFHEEICHWSLEND AAC % Fig5 IR 1, —EO¥ L&
WX LTRSS NGB A T DEE, A4 Z#5 & (Cation Exchange
Capacity; CEC) &\ 9 2% Cks L8584 100g H7-0 © I U ZE & ; meq/100g T/R S 4L
%), AAC IZ CEC L RIEE CHREMMAMAICI VA LTEHITREL, SHIZ
BAKEESILDOTZ7 7T NI — VALY CEC Z2 THRET D, MY

BRI, A —H L —hLEESTORIITERFEL T, WAL & bICHBNR
BoTWE T X EH TEY, MENEML TV 2830 gz i TeFrey
UL, BEFIINDMNIAFAT R ULAS A WG T, AAC A
F v OREEN EFH 4 51254 monomolecular, bimolecular, pseudotrimolecular &

ELARATZ A NEMICB T DBIENEDD 2 ERmho Tng 32, £
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EJmF A MICKAE LT AAC DA A — TR % Fig. 6 IC5RT,
WNERTHLIRE LB E, NV 7 ORBRE LIRSS B DL | FFiCER
DEREIL AAC ODRBEEEICKRELI ELAEIND, X, ~FHF T MY AF
NT =T AAA Y (HDTMA+) 13, REEE MRS EISIE, 57 R L 25
NTHAELTED  TAXFVEOHEBREIZASALVIFTOZNERELELEDDL
728 | paraffin-type (Fig.6-d) & PRI 282 FHERAE 4 TlI, 7oy
O LDOMAMEHANELS  MEBREIXI LA T2 mMboNTWD ¥, /14 v
Z—J3L— K L7 AAC X, B3R ET v a— oM B¥icky, BEM»D
BT 2L 0 BELH D,
1-5-2. AHEMELTEDICE D244 VO

Rk L7k 212, A VO A B = X LB T 2 HF5EI1E3EF 12D 20 s,
Kieke & Cody HIZ X D2 MV RV OME T ZOHOMEDRKREH &> TS,
B oE, AANVEEBSE DI, ANV F TOAMENER LI % 58 212 3B
SHELZ L OFWEMMLIEMOR Yy VT = ZRIELZENLETHD
EL7e, QIZEALTIE. 27N DX EYWEERNTHZ T, A
PEAEVERS LM E S LOERIBIEN Y RIE2F L T L LHmELTWVWD, £
@IZE L TiE, KEHETRRIED & D507 (B 2 1K) 234 L8k 1 O b il %
KEBACELVEBEL, "V HFTExy U =27 2B LTWD ELTE
(Fig.7H)!'"12, i oix, 2O IEA A R EIEEA ZRNT 5 &, REH T
T4 R TR R ORI IENY . A VTV EA L, K IC HLBS
BREOIEA AU EREIFEERORMICE  EHEOFA NV FANRERS L
WELTWD Y, Zo#HEIL, gl ® Cody BT X D WEWE O RMNIC X 25 F B
DLt L P LRV D,

EWSIX, NI AFALRavALT 2=y 2l E AV, AEEESR (CEC IZxX
TOWMAAC &) LA TCHBHLABEEEEY S A D, Pz
Xt DRI OV TR T WD, AN 0.25~3 THE L2 LIy o
IH, bo b bEWHEHEEEEAZ R L OIXAKEN 1 BEL O 1.25 F0k LY
Tholz, IRICEDMHNE, TNLOR EEWERICESE LT AAC X, BT
ENEN TBVIBEELEEG LT o TR NN EBLZLTWDH, AKE
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PERNPBEDNEREFT TOSEEN T+ TR, BWE AACOT LFILELY H L
OMAEERNELS , WEF LW Zd L L Twnd 40,

1-6. FALF &L LTOMLED
1-6-1. vy )z Lvay

vy U <)Ly a (Pickering Emulsion) & 1%, AR 25K 7Z &
DE—H., HDHVITR—EWRAEIZERE L, KES N~y a rThd, &
B o LHM R E O FEHWT vy g U ERET DD
i, 20 HEACWIFHIC F) &0 THAAE STV B 4041 T4 U IS MEA 28 AR B AR
RBEICEZEBLZRITTEWVIAA—UNE R miEHA %2 & £ 2 Wbt % i®Es
HEZOLZL By FoOREEEAZE L2 0A BT ZHERET 2 2 &1, bt
MmERICEWTHUEATH D, RmEIEER 7 U —8A L L CiE, Bk 2 M
BTN AXIE=VRY v =7 EOmBEMEG D2 AW THAT 56 +
MIEEAETHDIN EETEE Yy ) VT mv by a VHElie A0 TLZERL
e A 2R S 2R AN RS TV D M

By 7<)y aryORZEMEBICON I ZERUICLUTOZ &80
MoTWNDE B O MROBBEBKMENT VARAAOLEMIZKRELS EEL KT
T2 &, @Fig8 IZaT Koz o RmEiEMA R L REMHE, — KNI BNDE
BEARDNBENEE RN, EL LRI 0 TEEIZEI T EDY 252
L@ FABKRLFRIIHMRELIV /AL RERNWI & OHALD ZEAIT T
KA LOHEAFEHANEET BMAPRCRLBELEZREOEZIVNLETHD Z & Y,
Thd, OO, FuiEMHA O HLB IZ & 72 5 B AR OB BiK M 1%, b1 O 5 m
TOHEMABIZEIV AR ZENTE, RE~DORAET RV F — (=BFKF %
RENPHOZXEFERNT OO FZAF—) EFLUTFORICEIVEB IS 4,

2 2
ma cos@yow (1—cos) O

2T, RIZHLFO ., yOWITHAKRmET., 0ZR 2LV BFMEDOH B
W o33 2 Befik 4 2 x93 (Fig.9), KL O #HKME., -8 mERAES,. 00
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0° ICIHWHEIL, 1—cos 0 HMIFIE 0 &40 R HIXHRmE2 S XN CIREEE
~OBT DY, RFENKREWNIZE, MAFREEDNRKREWIZE, BEZ XX
—lEEmWZ EN LD, N1 I LR o> T, ¥ R=1x10-8m DKL F 23 5 58 /)
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Table 1 Classification of Hydrous phyllosilicates

Type of Group Octahedral Species
layer (x=layer character
charge)
Serpentine- Tri Mesite, lizardite, cronsyedite
1:1 Kaolin
(x~0) Di Kaolinite, dickite, halloysite
Talc- Tri Talc,
pyrophyllite
(x~0) Di Pyrophylite
Smectite Tri Saponite, hectorite, stevensite
(x~0.2-0.6) Di Montmollironite, beidellite
Vermiculite Tri Trioctahedral vermiculite
(x~0.6-09) Di Dioctahedral vermiculite
2:1 True Mica Tri Biotite, phlogopite, lepidolite
(x~0.6-01.0) Di Illite, muscoite, paragonite
Brittle Mica Tri Clintonite, anandite
(x~1.8-2.0) Di Margarite
Tri Clinochhlore, chamosite,
Chlorite o .
i Tri-Di1 Sudoite
(x variable)
Di
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A
2'2Av / 01- \ v O v - - 4 _’O
Layer
charge 0 0.6-1.2 0.8-1.2 0.2-0.6,0.6-0.9
Kaolin halloysite Pyrophilite Mica Chlorite Smectite
serpentine Talc Vermiculite
Tetrahedral sheet mm——  HO plane @ H20

D Octahedral sheet @ K+, Na+, Ca2+ @ Exchangeable cation

Fig.2 Models of phyllosilicates
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Fig.3 Structure of (a) SiO, tetrahedron; (b) tetrahedral sheet;
(d) AI(OH)4 octahedron and (e) octahedral sheet

Fig.4 Ideal (a) Di-octahedral and (b) Tri- octahedral sheet
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Table 2 Classification of smectites (after Uehara, 2000)

name Japanese name chemical structure

saponite YRFA+ (Ca/2,Na), ;(Mg,Fe?*);(Si,Al),0,,(0OH), *4H,0
=. hectorite ~NIRSAR Na, 3(Mg,Li);Si,0,,(F,OH),*4H,0
§ sauconite V—ar+4k Na, ;Zn;(Si,Al),0,,(OH),*4H,0
%‘ stevensite AFToH Ak (Ca/2),3Mg;Si,0,,(0OH),-4H,0
B swinefordite AAURILE A+ (Ca/2,Na), 5(Li,Mg),(Si,Al),0,,(OH,F),*2H,0?
o montmorillonite EVEYAFAK (Ca/2,Na)((Al,Mg),(Sis)O,4(OH),*nH,0O
ii beidellite RATSA - (Ca/2,Na)y ;AL(Si,Al),0,,(OH),*nH,0
;t nontronite /JokBFrAk Na, ;Fe33*(Si,Al),0,,(OH),*nH,0

volkonskoite RILaARATAH Cag;(Cr¥* Mg, Fe*"),(Si,Al),0,,(OH),-nH,0
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b)

d)

\ N—(CHxsCHs Cl + HO

HsC

CHy Br-
H3C(H2C)15—N"-CHjs
CHs

a) Cetyl Pyridinia (CP+) b) Cetyl trimethylammonia(CTA)

c¢) Tetramethylammonia(TMA) d) Trymethylphenylammonia(TMPA)

e) Hexadecyltrimethylammonia(HDTMA)

Fig.5 Alkylammonium cations
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b)

Fig.6 Conformations of interlayer cations (after Lagaly, 1982): (a) monolayer
(1.37nm), (b) bilayer (1.77nm), (c) pseudotrimolecular layer (2.17nm),
(d) paraffin complex (>2.2nm)

Fig.7 Gelling mechanism of organoclay in oil (afer Kieke, 1988)
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oil

walter

water

Fig.8 Position of a small spherical particle at a planar fluid-water
interface for a contact angle (measured though the aqueous phase)
and the corresponding probable positioning of particles at a curved
fluid-water interface. For 0<90° , solid stabilized aqueous foams or
O/W emulsions may form (left), for 0>90° | solid stabilized earosols
or W/O emulsions may form (right). (after Binks, 2002)
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oil 0
(a)
0
(b)
water

Fig.9 Position of a small spherical particle at planar oil-water interface;
(a) lipophilic particle, (b) hydrophilic particle

E=nr?y5y (1 —cos0)?

3000 [ -
| A

2500 |
L 8

i

2000 [water 27

1500 F

EXT

hydrophilic lipophilic

1000 F
EEI'D:--/
U:. MR

Fig.10 Variation of the energy of attachment, E( relative to kT), of a spherical
particle of radius R=1x10®m at a planar oil-water interface of interfacial tension
yow =36x10°Nm! with the contact angle 0 the particle makes with the interface
at 298K, calculated using eq.1 (after Binks, 2000).
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Fig.11 Stabilization of emulsions by (a) surfactants; (b) solid particles
(Pickering emulsions); an envelopoe around the droplets and a three-
dimensional network of particles spanning the coherent phase between the
droplets (after Abend, 2001).
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2FE RAAJ A PM-PEGHBABOWMEREHEL—T V JEE

-1. #E
Bt I ITHER FICEBICHFELLMTHLZ L. ABICHLTEZRETHY .,
Mo BLE O DRSS EE T AL A —F v SRR E L D
NTWD I OFTHEARAZ Z A MIKFTRHBEEL TV ZRRT D20
THEMITETMEAIE LTHWOEND ZERZ W0, (LR OBLEND X, A A
ZA MIEXDKET VAL NICEAN LIZERIZR D RN TR DO XD &E 70 <
XY ARV AFXF I E= AR v~ =7 EOKEMEGE D FIT X DKMES
MNIE RN X WA 2 BT 2 R CRERT AT =V 52T 5, L L
— 7T, RHEAE TIERERF CHEEL CREBEST Z L REETH L OB E R AL
THLZLENSG AF T TR EDKFRHMIZEBWTELD F VLAl E L THW
BNDHZEIFIFEAERLI L FEHEREEED RO IEmS T EOAT 12
DR TR O KW A A IS RE T E TV AR,

AATZA BT O LR ESEROBEICE L T RICE R~
FTIARTHLTRTA FMTONWTEHLSDLLMESIN TV D R LI RL+ D
-y VHOKMEMNICERT 50— Ky 2EE2 LD ET 50 20
IR HBALTWD A, A 5 R CTIEE M X ICHE K T 5 Wigner Glass #i&E 2,
A F IV HEELZ LD LETIRRE WERECHREI KN TWD P, ARAT X
A FDOKFTOH - BEERRET, BIRE >° pH', HE I THRLRD,
FLETHRRTELIIC RETARATIZ AL NOE R S VEENRAIZELL,
TNVHENER T2 22—V 70 0nI N FICTHRTA MZBELTLIXL
TSN TED , 2=V ZTHERBNIEF IRV IR E R (& 50 BOR T 20 5 K

STHORT) . HIRE T, MOBRMREOR WA — L TR D Z L5
Mo TG M0 2RI, AAZZA M NLVOREER, HHLThHrOREL
TRFHCHEIRE, SR GIBEIC L THRRDIIEN, ARX T XA N LD
BEICET 2 EEDIHTICRsTVNDHEEZLND,

R CHMERENT D2 =D U VR EZIME T 2720121, KL+ 05 HUR #E
HRECHRDZEDLETH D, an A FRFDOpWMEZEERE LT 2 HEO—>
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LT HRFORMICEDF2RESE T, VRKEZMAT D HEND D, K
VzFL o7 a— ARl zFrLrr7)a— - R el r7Ja— L7
By 7 aR)v—R 0L A U MRY ~—LDORA T HELEDR TORBRER

CEREICED2HpBEER M S E VWO MERH L 2 MmN Y ~—
EOMBEEREZRAET S ETCOETAPEL L TR =F L7 Y a—)L (PEG)
W TR ZE BT HC R, S 4, PEG OR HEE ~ DO W AR EE ., T 72 b B L~
W% L7 PEG 3 F DIy 7 —A—a REHEICONTONFFRREITD A
Zpuny Ble RN 2N =V JICE2 8 BIZONTOREFTIZTEAERAZ
oL,

— . TRFTA RGBIKT T, IRT A FEKEND Na™ Mg2 R EDA A
DML, FFICK pHAF L CZOMPmMARE N ERHE SN TS T8 E5E
TR LI, AA T A MWK OWEIL, MIREICIV RS EEZXDON
TWL7D, MmO KP TORRFMEL(LZE X DRI AA T XA o
BDOAFT L OEMEZBRBICANDIVLERN DD, FTCEORAITEID, AAT X A
N VIIRRRECHBEL . KEZEET (BEKT 2),

fEFESIC A A 24 2T bHlE L THWD I, BT E ToMEsEE (B
K) 4o 2 & G%ﬁﬂﬁ&%@\ﬂnpruﬁEpr6w7Kﬁ$§é%Léx 7%
I COMIEELZ I3 570 b L IZH < SER e EIELHZ ENMNET
D IR LD K LM OBELZME T2 RPFESNLTVWD Z L,
FAREAE LT AVON, ZEQFHRTHVEMLES 2N &6, PEG
EXRTEMOBEEERIIOVWTHRHMNETI>Z L, T EOEMLD PEG & S
DAATZA N3 BOIRICIN A, 3 EIROREERE & BRI o8BI LY PEG
MAATHZA NGB OT =V TICH5EZ28BIZONWTELELE, S 612, ¥
PEATITIZ pH HBE L7 A A 7 X A4 PO = —2 > 7 12% 3 5 PEG ORI
BlconWT . BAFTroBute el —08 A bEZBEZLEKEEICHOWDTHE
15,

2-2. EBRFEE
2-2-1. JFB
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AAHZAL RELTIEH, RADEVEYV R T A FPTHDLIZ=ET F (7 =3
T, UFKU EREH), Gl FRFA R THDHAAT b SA (7= xT¥,
LT SA &5t#), A~2 N7 4 N THDHTFHRFTA b XLG (BYK Additives &
Instruments, 2L~ LA &Fdak) B L, 7R F A F XLG iihi © OH O — RN 7 v

BExfbol-HiEz b o7 KT A4 kN XL21 (BYK Additives & Instruments, LA
T LAX &) 2H W, Al A A7 24 FORKMEE%A Table 1 127 F, 24
BDARATZA FOF T, SAIFTMEERY — MZAEMEA L. LIS D KU,
LA, LAX [ ZNEES— MZABMEZA L TVDLIN, RIFETIEZDENITOD

TIEEBEZL TR W, H/e PEG @4y 1 &t % Table2 (277 L 72, PEG23 LIS DR
BHIMEPEmE R e L ToflkTH Y . 2 TORHIES ., Bl & o TE %%
T ZFOEFFEFHWT,

222 U A DOFRM A
ARA B A NGEWEIL, 680g DA AU RAKEFEI XY — (TK FEIFH
BRI CTIREREBLANS 206 DARA T XA FEBRAICEML, 28 %
Wt 6000rpm10 R LD bH, 50ml A7 U 2 —FNTHEDERE LD
XA A ke mMz, AEIXFH— (KU Fr o, KINEMATICA) T
10000rpm1 23 IR L TR L 72, MR A Z X 2 o 7 v o EIc >0 T
X, ROEICFHFELIELH L, AAZ XA ML PEG L DOREAGKIZ, Lok
T 680g DA AU ARHIKIZ20g RIMLIEHIES L., KIRIZ AR L7 A
A A MaHKE HRLTIEEHE LR ~ —20wt%/KEHK % FT E O ik
LD ko, 50ml A7V 2a—FERNTKRY brrTH 22 dF THAEL TH
fL 7=,
2-2-3 KB E 7 ik
FENEZT T VY 7 7 40— P (B R) KEF (BEAAMrry ZHY AT
L) ZHWwW, m—#%—No.3, B 12rpm TITVW, KFEEICHRGFELEYS T L%
25CIZTHIE Lc, MR E X v A4 A —% — (MR300, 7> k> 3— /1) |
D, BEESmD/NT7 L7 L — a2 HW, gapl mmT3EHE L 72, Amplitude Sweep
AE X, 10rad/s (2 TAT -7z, WIET R T 25CICTIT- 2,
2-2-4 AATBA MNFBBE» L DA Z L EHEHIEFE
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pH %3, 4. 6. 7. 8, 9725 K 91T total0.1 £721% 0.2mol/L THIE L=V =
e, 72T MU U LREEIKEZ T ARHIIHBL, 202 1 7003 2wt% &
BAHBEIAATZ XA NEMxTc, g | KRB EELELZHZICAY he T
10000rpm T 1 pMHE# L, pH ZHE L72% I 0°C, 25C, 37C. 50COKIRE
R LT, pHOMEIZ 2V VO EEZR LT,
ERROFECTHRBLEY T LD 5L 25CITRAFLEF T E v, #&
R CORBRETOAL A IEHEZNE L,

AT EHMEEZIUTOEBVIT o RELLEY TV E2E—IZIRVIEE T
30g i LEIZED, 22075 DREAMA TS 72, £ D% 10000rpm
T20 0 HELDHZTN, EBAZ200m D7 4V Z—TAHBLTY TV %&
Bl R ET TNV BEZIMA D O MR A AT X2 A4 MR Z2 EE SE T,
TANZ—TRBIZRVERES 2O THDL, HoNY T IO ICP g 21T\,
GBREHEAZRE Lz, LALAERDL, ZEIC NaEEZ M THET 2 H kT
EICAHE LT DD, PEG EAAZ XA NEDREGDBIENG D Mg &
X, VA7 a7y 7 TEHOWEHREEY ICXVEERE LT,

2-2-5 AR A MVHBIBOVEFTT 4 v 7 BE
borrrorvAdoy—FfRELRBICEBITEEZRE T 270 0EEOME %
Fig.l lZ/"L7=, A MLV A LA XA —%— (Anton Paar f, MCR301) %= &) 7/j
ELTHW, DO T7 A (BK-7) AT L ALTL— b OMIZH TV E IS B,
WEEIT>72, He-Ne L —HF —HFIX L A A —F —DO FTEICH 0 | B3 R
BFRNEAEMIBZE L CREICEEICRI T 5. 70 208l U726 E 13w
fEfras ChHL2MMNAEBR LB L 7+ X A4 — RTHRE L7, 2EEOFEMIT T %

ZH S o 202

2-3. BRBILUEBE

2-3-1. AR FA b (LA) O —T v J%H)

LA B X SA2wt% 0 #ikid, SEI X —CEHEP L CHMLZE%OHNE
FIEEAEREOROVHFHWKRE (F<ARX 201X R Ik 2HEL) Th S
L RERR D ICONR A ITHENR EF L, 3 BIZETREMED WV EFRK
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T %, LA2wt% s ik z . ¥Rz 2 2 TR L, 25CHB XU 50CIC THR{F L
Toth o TV DRTEE & B RURE EEEE TR HIGE L 72 R R & Fig2 (IO ¥, SR AT
Scheme 1 (2R L7z, fEFRFHE AR WIT2N F 2 ORAFIR 23 i3 W) J7 28 59 WU O kG
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BErmEmzRA B LERERNDH LI 2, Zo®RE LFEIC LA 8LV SA
TR % 2 ORI OBICE S RFBLE L, RELEABETH -7z SA
2wWt% BRI DB E & Fig3 R Lz (B 7 vidfl L CiRiE) ., R E%ITE S
PETH o B T2 ks Rk 7 A EL I L CEIESTEE R L, Favie T
DERFDEL DD, SA2Wt% D BIK T Vb LicH o 7 vid v b Mo B
KDDL S, BEREFICEVMELREST 22 L IXTE R o7,
2-3-2 PEG OHRMBz—V v ZICRIETHE

Scheme 1 IZ/R T HIEIZ T L7 LA & PEGY 38 L O PEG90 & DR G 4y #iK

BRYEFZH W TRECTHE LZ#EREZ Figd BEOSIZRT, WTHDik
B S LA2wt% B 3 80K & A AR IS, IERIFRI S R W 23 F o R AF IR BE S
BN JT 2N G B O KL B RSy o 723, PEG90 & DR A 0 B D UE D B3 KE

FICHEZ2EL, AU TRE -REERECHETHIETT F—ICET HIHE LK

WEAINZ B o 72, %FIZ PEG90 IR A EXIR @ 25 CHRIFMmIX. Sl 30 HEZICRBW
THOHELANRAONT 40HENOHRAICHE LA L, 260K END
I ESFED PEG 2 FSEELEAEICIE., = —2 0 72 L D E EF NINH

ENDHEMIZH D ENRENT,

Fig.6 |12, L A THHR L7z LA B BikEs L O PEGY9, PEGY0 IRA 7 K
. Bt 25°CI2 T 40 HAAE L72% T E L 7= Amplitude Sweep HifR 2 =77,
LA HA 8k & PEGO RGO ZEEXIZIEE U CTH 52, PEG0 iRA 4 Bk C
EEOTAREDO G EED BRI TH D, ik, LA Bl 721X LA+PEG
VRABNHIEN, BMOTAICEID Xy P RNRAMITHEIND O Ll L T,
LA+PEG 90 IR0 HRIZ. x>y N —JERPLNICEITT LI 2R L
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TW5%, Fig.7 |2 SA EM 4y #ik & PEGY0 JR & %5 Bk @ Amplitude Sweep i #t %
g U TR L7z, SA B BURICHE W TH PEGIO IRA B TIEE 0T HATO
HEWENP LN THIN., LV E OO T THEEWENEBL TWD Z &R
D%, PEG ZiRMLT7=RTiX, PEG DB AAZ XA bR FES LD “Dip
7 LLTEELE, BRMABRZEZEML TVWLOTIEZR0WNEEZI LN D,
2-3-3 pHRABLEARAZ ZA MOBBROT—Y » 7EBIZKRIET PEG MO
EE OMEZEI

Wi, 7=V ., 728 FY T A Buffer # H0CTH% pH IZiE L 7=
PEG4wt% + LA 1wt%3 L U PEG 5wt% + SA 2wt%iE A 47 HOk © . B UKL 3 T
E LT EORKZEZ Fig.8, 912, ARE®K L 1 7»H#% D pH % Table3 TR
T TNE, T =R 03wt%, 7 TR R U U A 0.Twt% DR A KIBIR &
FTEDORE 722 X5 1ciftt 1 BRI LR\ LERX X7 2 My iRz .
50ml A7 Y 2 —&HCTAHRY 2T 1000rpml AL L THHL L, £V 7
ME 2T OWME L, pH ZHE L7Z%IC 0C, 37°C. 50CHOKEEMIZHRITL
2o PHOEIX 2V 7 VOB EE R LT,

PEG B LU/ = VBEEIK LIRGK, A A7 XA MoyBiRITdHR%E 1 HH %
Bl L TWD 72D RFOaEREBIZRFTIIERERCHERBICIHLLEZ XD
b, LA By 8k IE, T AVHEMM Tk pHIO i #2 TdH Y K5 E K 2000mPa - s Th
DN pHT T2 K5 7 2 VEBEE IR ZIRA T 5 & IRGEZITHE D2
W ES L, BRICIERBHEO R WT VIRECTHEARN b, BREMEHORr — 4
—RKHECHEAKLZZKIZEZ2 BB REZVMENE T2 o7, PEG BRAK
TIX., PEGOIRGK T 3 ARZRICHEARNZ A B4, FFIC SA P HUIK CTHETH Y
MR E N TE o 2WE PEGY LV &y & PEG & ORATK TR 45
HELEEKDZAEONT, WIFhnbikEhtEod sy VIREETH - 7=, Fig.10 127 =
VAR E IR 2 N 2 T2 LA2tw% 2y B iR X OV PEG IR AR O 1 B #% 04 8l % R
o LA B HOK IR EIPED e WAZEH 72 7L ¢, PEGIRAKR CTIEHF AWVE
7z ViR THD Z EBNbnd, Figll 27 — U EBEEMIK %2 N 2 7= SA 7 Bk
& PEGI0 Z MM A T BUKOFHEE 1 A OABLLE . T b a2 EATIEFERD
MIZIESARERETCONBE RS ARA T Z A4 FOHMASHER & ik L T PEG90
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BEHROBERFTERB N LR DONL, 2O X0, T TORARX T Z A
MR F OB AMEDL PEGIRINIC LV E o2 & TDRN PEG D4 FED &
WHEBRBHETHDL Z ENRENT,

2-3-4. pHABLIZAAZZA4 FaBBEOZ—Y v J7EHICTKIET PEGHRMOD

EE OMgBEHE

23 WWARLEHIETEBEAAZ XA N Iwt% BURICY »ERME @ IK %2 I 2 T
pH4~9 I L, 25CICRF L T3 HEZ & 2 EMBICKPICEH LR A
& ICPIC X VHRIE LR %A Table 4 ICR"7, I pHIZEWT Mg A A 1%
SHRHEINTWVDLH 7L TH Fe BEXW Al A AU B S TN &
HLELDHEERE CEIFETORARATZ A MRV EINLTWVD Z &M
IRENTWD, FETIZ MgO OEFHEN D70 KU 0 BIR»N S O Mg 5 H & 1%
WIIn o=, SA BIXO LA DBIEN ST Mg A AN EL<BEHLTEBY ., K
pHY U T NVIEEREHT A MgA A OENE -7, FriZ, pH3 IZFHE L., 50C

WCIRTE L7 KU 2Bl s s L7z Mg 813, KU KL+ DO K 10%ICH Y L
72, pH3, 6, 8IZHHE L, 0CHB LN S0CIZRTFE LW v 7 v D pH £k % Fig.12
WRLIE. Mg A F VIEHEDD 7)o 72 KU ZBIEKEITWT oY 7 TH pH
AN Dol L, WHEDZ ) - 72 SA B L LA 4y ik, pH8 LA
ETEERN DR oD D, pH3, 6 AR IT, pH 2 & L2 d8 %R 1 K%
WIETpHO6RREFTER L, TORBRITIIEAEER o Tz, IHEICLDED
FEAER NI,

PEG ZIRM LT A A X A4 N3 HIE Mg A A DR EZE{LEZ ) A7 1 A
77y TaEHHAWEFETHE LR, PEG IINIZ XY Mg A F 2 & H &R
HHFEBENLTWD 2 EnRsn (Fig13), &1 PEG WA IC Z A
A MRFEFEOA T VREDEED BEHEPAMBE SN THDLDOTIZ RV
ZZT0D, HOBEPIMEI SNTERHER, AA 72 A PRFED LORENT F
D BEKBIMHE SN TV DDO TR WD EEZTWD A, pH B/L ol iX PEG
WM TN 72 - 7= (Fig.14),

2-3-5. VEAFTT 4y ABRBECLDAAI XA F—PEG BET VOBEK
il %h R o fEAT
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R A MA T AA T 2 A Mgk %E, Figl (R LIzEEZHNYTLA AT
T 4w 7 WEZITV . PEGY & PEG0 2343 BUK D IRENIPEIZ 5 2 2 EIZ >\ TH
B L7c, LAX (T, % OH D — A7 v RICEEHmbo T HEL2 B, F UiRE
D LA R & i3 5 L IRKE TH 5, PEGY & & e SA X° LA 20 #UIR (2wt%)
AHRMATICHRET D L BRI L ERAL, Wolc Ay 2T EMA D
EREENKEIN TRV, VA —F—THETHI ENRTX R0,
— 7 LAX 8Ok 1%, B IR (2wt%) TIEZ ViZ7e 55, PEGY L LD 5y 1
BD PEG ZIRMT 2 LMD H L mMESHMIE L D, AAT Z A Mo EBK
~® PEGY9 & PEGY0 ODIRMM R Z LT o720, T b Oir#tEis L OE T
Wa LA A 7TT 4y 7 MECKVIEN Lic, o 7D % Table 5 12537,
pHABAKI L L CZ 7V v v 7 U v a2 Hni,

R & &b ICRAICEZ D FAMIGE ) c Z KRE LABLRE2 0 T L Dk

JE LR E ZREFICHIE LR % Fig 15127, 77 7 ORflIX R, it
iz 7oA E (Pars) EEEFME (An, X)) 28 L TWD,
F7-, Fig.15 TIHEIM LB ABE HOBBICE 22 bERTERLE. B
TPEDRBII AR 24 PRFOEMEZRLTEY | EXMEWNZE (777 TF
FA~WIZE)LAX B O AREN m < 725 2 & -3, Fig.15(a)lZ 7/~ T PEGY
ZIWRIN L7z LAX b BORIEK 50 B CRMZRMERT (=7 Vo) B ET
L., T NVORBEANICEIBETINIZEALEEBRNZ ENBRFDOX Y U — 27 X0
BTIZEAEERE LN DR L, ZFVORBERIHBYVHOBENLLIZLED,
ZIMBRERTFAVOBICARY, WENNHET Z & THMILL TIRBEL RS, &
JFEIE S AR E LTIEND X5 2B 2 R T ERICITHEMNERAH TRELE
L, MbEEbicT kel nd, REELE (1058) #% b ERITIX
MEIFEFEUCEAMERF L RELEEBERSRQICEEE L2 EDDbND, — .,
HE K Bl 2h ] D 2y o 72 PEG90 Z RN L 72 LAX 43 HUitR T, Fig. 15(b)IZR"7 &

ICHEAR TN 70 CTHRAT 20X LTA0R AN EBIEN LA T2,
HE, AR I OBEINCR LT LAX RO Ry N —27 BNEND Z L7 <
BERICETE L, 2o TR AR T2 22 R LTS, 70 & HE 2
L EREIXWAD TN PEGY ZIRMULIZLOD X ) AWK FIXAETRN. &
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OLEFEBHMEITIRFAH TCRELS LTRSS TEY, LAX EF Vo RE 78 &
HE TS, BN EL ERESKT L, AEICEBIELRAICHENTS.
T 7B, PEG BHEE M LKA L TCWAR FORBMMEESINTZEEZLLR
. TAWIE N ZEIET S (105F) LERFTIIAMICERICES<, WENIC X
DL LTz PEG MERM L CHRL 42 7 U X A2 RBICARIE I Z & 27
T, INHDOZ END, BT PEG M Fig.16 IZ3¢F K 51Tk F A+ & 2846 L.
oDy N =7 BT HI LT =T IC L2 2 M IEmE L& L.
FEELRIFICEETAIREE RS ETORBEE L CHEKREZMHE L TV
EFEZbNT,
2-3-6. WHER LA — VBT D &5

LA ~D &4 F PEG O EFERIZONWT, O FEOREZRM T Bk
EVPEGHFEVDEWIZEWERITL | FFICHFEER LT TlEoF&KAFEN
R&ELS WITHFE 100 FUL ETIERE 281 0ITR W, £72 PEG 0 T ORAJE
. LAKL 7 E Tk 1.5nm F2 £ T PEG 0 T BICITKAFEE T, = v VWY OWE
JE X i LD bR EL 2.5nm~4nm T PEG 0 &N EL R DHIC 2N THEL 2
S>TW<, LA & LAX ~®D PEGWAZENFLTHL LIREL, VAFTTT
4y Z7MEICET LD PEGI0 & LAX KT OB T RO A7 — bz BAKK
2B Z D720, PEG @ LAX £E~DOWAE R & 5 BE T O LAX KL+ 5 A&
BIZoOWTHAEZIT- =,

AR R XRIC L B & RAFFETH W2 PEGI0 O W% &1L 0.6 mg/cm > TH
%, LAX K1 %t « 8 « JEA=30nm X30nm X Inm DEFIK L H72 L TFIAET D
EL SWE%IRM L7Z PEGY0 @ 9 B D 20~25%FEE Lk R EZIERE L T
RNZ LB, FloE OB, PEG4000 43 1 1 A LAX R 5 D 5 W% il
L 4nm U 5 CTH % (Fig.16 (a)),

LAX B DO RHEICWH L7 PEGDEAZEET D &, b 11% Fig.16(b)D X 9
(2. HE - A+ JEA=35nm X 35nm X 4nm ORFE & FF o, kL 71X 0 BUR TS 2wt%
EFNDOIN, LAXDELS LA LR U 2.53g/m 3 (A —T—15H) £ 95 &, PEGY0
W FE LTz LAX KL 11X, —3 2% 48nm DK DN HIKDOHFIZ 1 2 AN D FEEICFE
T 2% (Fig.16 (¢))o =7 N5 & T ICEHOR T &G 5 BEIITTEL
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THEY, EHICZLEOHRE PEGI WhL - OFEM AT A TWDLERT N A X —
v CT& % (Fig.l6 (d)),
2-4. FEE

1 & 4000 L EDE ST PEGIZTA AT XA MRLFICWAE L, ARA T XA MK
F OB 2= TEHREEELET, (KpHERE N TIEAAZ XA ML
FTNODAF BB D OND 0, & PEG IINIC X0 & 28 i S
iz, @1 PEGIIHFMMNIETOARA I XA NRITEI LOBERAR v I %5
D, WL EELTH LI FoMEEfEZEMm L., BiKkZmEl L Tnws &
AL, TNHDORENL, HHMIEHOLRW PEG LHFHT2Z2 LT, A A7
A A MR OLHEIWEAMAEZEL S Z LR KRERICB T D7 (LAl & LT
ARAXATZA NEFMHATE DA @BEN RSB I,

JIE 1. SA & LA ORENRELZLZV T AVOEREZRLIZOE, 2wt% sy BUK 1T
PEGAZMATHHEEKRKT 2V T ANEL MEMENITARPoT2DTH D,
BVE 2. BIERFIZ S 2 2 AMR J11%, PEGY & OIRE D HUKIZTERBML L L b
Z20Pa FEIIL, T DHRAICEA L T 100 #H T 30Pa il b L HIC L,
PEG90 & DEALDHIR TIXE a5 10Pa £ T 100 P THWMEE TV 5729,
el 72 0 O AWIS D OINRIIME & bR L THD. PEGI & DIRE 57 UK
FERISED D ENTEDIT AL — F DL % 20Pa 2 H oA -, 7238 Fig. 1512k
TWMENE SN AFXZ—FL TS,
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Trigger Signal

Optical
Data Mechanical
Dynamic Stress Data
Control Rheometer
Box Control
Signal
Polarization
State Analyzer : I
Polarization
Laser State Generator
| -7
Fig.1 Rheo-Optical analyzer system
Scheme 1
Clay 20| MixAorB
Deionized water 680 *
: : mix _ 25°C
Dispersion 35 1min degas \
Deionized 50°C

or

Deionized

PEG 20% solution 12.5

water 15 ]

water 2.5

A :Homomixer 9000rpm Smin
B :Homomixer 9000rpm 60min
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Table 1 Characteristic value of clay minerals

Product name KunipiaG SmectonSA | LaponiteXLG | Laponite XL21
Abbreviation KU SA LA LAX
Company Kunimine.Ind | Kunimine.Ind | BYK Additives & Instruments
Group Natu.ral . Synthes.ized Synth'eFic Synth.e"[ic
montmorillonite saponite layerd silicate | layerd silicate
S10, 61.30% 52.7 59.5 62.5
Al,O4 21.9 5.1 <0.1 <0.1
Fe,0; 2.2 <0.1 <0.1 <0.1
MgO 3.4 29.1 27.5 27.1
Na,O 4.1 4.0 2.8 2.3
F --- --- --- 3.0
(me(cflc(:)Og) 114.3 71 55 107
Diameter (nm) 200 ~300 50~100 20~30 40~60

Table 2 Molecular weight of PEGs

Material name Mw
PEGY9 400
PEG23 1,000
PEG90 4,000
PEG250 11,000
PEG460 20,000
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8000

6000 —

)

g —o— A50C
% 4000 A — A —&— B 50°C
0 —O0— ART
g /0/0 —&— BRT
~ 2000

0 | |
10 20 30
Time (days)

Fig.2 Viscosity change of LA 2wt% dispersion prepared by different procedure
(shown in scheml), O; A, O; B, filled points; samples stored at room
temperature, open points; stored at 50 degree

Fig.3 Birefringence of SA 2wt% dispersion

Between crossed polarizer, A; Oday, B; 6days, C; 14days after
preparation
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Viscosity (mPa=S)

—0— A50C

—a&— B 50C

—O— ART

—&— BRT

8000 ——M8M ,
6000 5
- /W i
birefringence

2000 gL, . o L

0
0 10 20 30

Time (days)

Fig.4 Viscosity change of LA 2wt%+PEG 9 5wt% dispersion
prepared by different procedure (shown in schemel): O; A, [; B,
open points; samples stored at room temperature, filled points;
samples stored at 50 degree. Samples in dotted area have

birefringence.
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Viscosity (mPa*S)

—— AS50C

—— B50C
—O0— ART
—1— BRT

8000 [ Toooioooooo oo

. birefringence
6000 | ]
0
0 10 20 30

Time (days)

Fig.5 Viscosity change of LA 2wt%+PEG 90 5wt% dispersion
prepared by different procedure (shown in schemel): O; A, [;
B, open points; samples stored at room temperature, filled
points; samples stored at 50 degree. Samples in dotted area have
birefringence.
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LA G"

= LA+PEG9 G'
—— LA+PEG9 G"
= [LA+PEG90 G'
—=- LA+PEG90 G"

100
Pa

0. 1 10 100 1000
1 Strain (%)

Fig.6 Amplitude Sweep of LA 2wt% and LA 2wt%+PEG 5wt%
dispersion (prepared by procedure A, measured 40 days after preparation,
stored at room temperature)

1000 - SA G
o= SA G"
= SA+PEG90 G'
100 &= SA+PEG90 G"
Pa
10

0.1 1 10 100 1000
Strain (%)

Fig.7 Amplitude Sweep of SA 2wt% and SA 2wt%+PEG90
Swt% dispersion (prepared by procedure A, measured 40 days
after preparation, stored at room temperature)
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3000 Formulation
LA 1 wt%
PEG 4
= Citricacid 0.03
: 2000 Na citrate  0.07
"é Water 94.9
>
% 1000 % PEG9
S X -+ PEG23
§ = PEG90
0 1 1 1 - PEG460

day

40

Fig.8 Viscosity change of LA 1wt%+PEG 4wt% dispersion including
0.03wt% of citric acid and 0.07wt% of sodium citrate.

3000

[\
S
S
-

1000

Formulation

SA 2 wt%
PEG 5

Citric acid 0.03
Na citrate  0.07
Water 92.9

Viscosity (mPa*S)

10

20
day

40

= PEG 250
*~ PEG 460

Fig.9 Viscosity change of SA 2wt%+PEG Swt% dispersion including
0.03wt% of citric acid and 0.07wt% of sodium citrate.
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Table 3 pH change of clay-PEG mixtures

Clay SA LA

time 1d IM 1d IM
Control 5.98 8.63 6.02 9.4
PEG 9 5.76 8.18 5.88 7.78
PEG 23 5.9 7.94 6.12 8.05
PEG 90 6.08 8.65 6.04 8.12
PEG 460 5.96 8.44 6.1 8.11
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Fig.10 Appearances of the LA dispersion; LA 2wt%, PEG 5wt%,
Citric acid 0 .03wt%, Sodium Citrate 0.07wt% (a) LA (b) LA +
PEG9 (c) LA + PEG90

Fig.11 Appearances of the SA dispersion; SA 2wt%, PEG 5wt%,
Citric acid 0 .03wt%, Sodium Citrate 0.07wt%; Appearances of (a)
SA (b) SA + PE90, between crossed polarizer; (c) SA +buffer, (d)
SA + PE90 +buffer, phase separation occurred in sample a.
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Table 4 Amound of cationic ion dissolution from 2wt% clay dispersions
with citric acid buffer of different pH (ppm)

Mg Al Fe
Clay pH
3 days | 2 weeks 3 days | 2 weeks 3 days | 2 weeks
4 3.5 5.7 0.1 0.2 0.0 0.0
6 3.8 5.4 0.1 0.1 0.0 0.0
KU 7 4.6 4.5 0.1 0.1 0.0 0.0
8 3.3 3.5 0.0 0.0 0.0 0.0
9 2.8 2.3 0.0 0.0 0.0 0.0
4 89 194 0.1 0.0 0.0 0.0
6 103 159 0.1 0.1 0.0 0.0
SA 7 53 83 0.1 0.0 0.0 0.0
8 14.4 21.1 0.0 0.0 0.0 0.0
9 3.9 9.0 0.0 0.0 0.0 0.0
4 87 249 0.0 0.0 0.0 0.0
6 105 223 0.0 0.0 0.0 0.0
LA 7 41 81 0.1 0.1 0.0 0.0
8 3.0 7.6 0.0 0.0 0.0 0.0
9 0.3 1.6 0.0 0.0 0.0 0.0
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= pH30C
®pH350C
= pH60C
*pH650C
S-pH80C
4 pH&850C
(a) (b) ()
— —— —o
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3"'/"5\ﬂ | | | '
0 10 20 30 0 10 20 30 0 10 20 30

day

Fig.12 pH alteration of (a) KU + buffer (b) SA + buffer
(c) LA +buffer dispersions at 0 and 50 degree. All
samples contains 1wt% clay.
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mg/1g Clay

Fig.13 Dissolution of Mg ion from LA-PEG composites
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—-4-PEG9

—# PEG 90
Formulation

LA 2 wt%
PEG 5
Citricacid  0.12
Na citrate  0.08
Water 92.8

~®- control
4+ PEG 9
- PEG 90

Fig.14 pH alteration of LA-PEG dispersion

(formulation is the same as Fig.13)

47




Pa

Pa

60

40

20

30

20

10

10000 .

1000
100
10

h Pa.s

0.1
0.01

10000

1000
100
10

h Pa.s

0.1
0.01

Fig.15 Rheo-Optic measurement flow chart; (a)
LAX+PEGY9+buffer (b) LAX+PEG90-+buffer

48



Formula of dispersion
LAX 2wt%
PEG90 S5wt%

(a) (c)
LAX particl
particle o A%nm
<€ >
4 Inm
48nm
35nm
Single molecule PEG90 /3.8nm square
(b) = 7 W

2% \
Thickness of adsorbed polymer =1.5nm =

A : db ﬂ shear

( <€—> | 4nm
2.5nm
<€ > /
35nm
DN\

Fig.16 Schematic image of adsorbed PEG and LAX particle in water
(a) single molecule of PEG4000 adsorbed on LAX (b) Adsorbed layer
of PEG90 on LAX (c) single LAX-PEG90 particle in water (d) image

of particles and excess PEG90 in water
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Table5 Formulation for Rheo-optic measurement

A B
LAX 1.6 1.6
PEG 9 5 -
PEG 90 - 5
Glycylglycine 0.48 0.48
Preservative 0.3 0.3
Ion exchanged water 92.62 92.62

{,« § N
¢
/7 \

PEG90~

Fig.17 Schematic image of (a) clay and (b) clay-PEG
network in water
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3 BHBIUOIFAUHERI—2FDLRAAT 54 FaBEOMEEL L L
LREIC B8 ¥ 2 BF 42

3-1. ¥E

AL X HEAE O 2 Zem, fl 2 X F Ao b, B, &, EEA
EBWTHHERLTWD, =wyarEid, JRUY AW “HOEREKIZE W
T FOWEER S S R FOBEFICH» S SIS REEAZR L, @GO
WK (RIEDEAIZmEK) MDD S5, REiEEAZ AVl s 5,
LorLant, BEm (M) SAER~OLEmIZIBV T, S g MEH It
TOLENARA—TEZ L OARDRNOTHFEAEL. 2O FEEMER 7 U — R
DEEFENRENAICITORL TS, TO—2OFEEL T, By Iy
a VEINR D D,

vy Y =<)L g (Pickering Emulsion) & X, EAR 723K ED
W=, HDOWVITR - AmICRE L, XESNT L a Dl La L
9. ZEITOHETH D Pickering 25, HAKM D FE KK 2N HAKFEICWEL., H
b REEEROLIIC~ Ly a v ERTENTIHESE A 1907 FEICHE 'L
Thb (EBERICEERFOALENR, MORIEZEZPD THRE LD
Ramsden T&H % %) 100 FLL EXA KRBT 208, T /2R FICET 28987 — AL 12 &
D, BIBICI RSN D X9 o72DF 1990 EUBEDO Z L TH 5,

FALA E L Ciddix RRL T2 W R H 0 | SRR LY, 1 —
RNy T Ty 7RIS MO N O EE LT 18, SRR oMz,
RYVAF LU0 RY (N-RYVAYTabe 777 I R) (PNIPAM) © 2
sa AN ERCEREEEEOD v Ly ay S RPEESR TS,

—hH. AATEA NERHWEAARICESZH TTHDLE, AAZ XA NHM
TRERIAYZFAR LG T3 HEFICD R AA T X2 A4 b EREIEMEA &
DHEFHR OO KA N T ANOBMMPAEWVICH T D EREKLELED
(Layered double hydroxide, LDH) & A A7 X A4 NEDIGFERID Fhx T
B B HDWITEKMEME Y 0BG REZER I E TLERAMY P HE I
HEWOWMERNDHD, FLL.EOBWMCLVIEZELE]EE RV E X LKL TE
Bz~ va PRIt e @ELH D M

BRI KD ZEARSNTZAADICONTIEH., 2 TOMIE P05 1)
MARDPHBAKEZGET 22D, AMLOLEITHEFICEHETHLZ L, 2)
mIGTER R RIS, K< DN EBFEIA ERD03, &6 6N
L0FHHEICE T EDLY 2528, 3) AR FRITHERBELY /SR
LRz b 4) AMOLREMIZITIHRELOMAEFEHANEET, HRNOE
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HELEREDIFIIONDLERIE. N oTWDH, AAZ XA FEMTLERI
Ita ST 20PRNETHLOE,BARKERNE LS K~ODEERE WD TH
L. 5T, EFLOBI DX DI BHAMEMEZARA T Z A PRBEICEKE ST,
BERICEIOPATILIZD T2 ET AR XA ME/KPThDHREERES
L2 Ao BIZEIANTH D,

7 O/W A (oil in water type: 7K H Jil1 8) fLBE db 13, FLAE A & U T 5t is ME Al
R E L CKREBEER S FERAGT D, L2, REEEAO RS E0, KE
PER 3+ DO 0 72 8k, AbhE i O BAA ROl 2 87 v HEZICHDbNLD Z
EHLLIELIED D, AATZ XA FPERKROKFTHDHD, JLICEA LIRSS
HEELELELEREEA L, SHITARA T XA A, LT O KMk,
HDOEI RO PR, AA T Z A MEAALFB L OHEREA & L THWTLE
BRI ERECE R, R WEMOLEL N E LRI EBE LN D,

ARFZETIE, OBBHEICARAZ X2 A4 FOFMLiEEZM LS H N TE D
ERAEL. AAIZ XA DMCEDBE W) T o~y a Ol i, 20
FCT.ETHADAR I ZALA P2V, BIREIZEDAAZ 24 FOHAALMEDZE
bR RZ2 7T, RIC.EBEEZZEICEA LERIZBWTHL A AT X A B
R E Kb 2o EAT AL, HAOITF AU HERY v —L D
BEEOHEEMEE L LB OWVWTHAREERICOWVWTHIET S,

3-2. ERFEL
3-2-1. JFRt

AATHEAL FELTIE, REOEVEI BT A P THEZV =T F (7=IxT
¥, UTKUERHE), AT AT A P THDEAAZ FSA (7 =3xT¥%, U
T SA Lig#)., &~7 T4 FTHDH XLG (BYK Additives & Instruments, LA
T LA ERR#) ZH W, ENENOMAR L FEMEEIL 2 D Tablel (27 L7z, &
. Al F 4o MRY ~—% Tablel (/xR L7, B F A4 MLE (Ne) 1%, &
Vv —HEDOHTAMMT IVEERTLHIERD TOELGE (%) 27T, 1L
5DOFEHZ O W TITLRES BRI E L Comdilkihz . i R Yo TRZ2 /R,
ZTOFFERACNE, M E LTI, LT MY v AB LMk~ 2T T A (WD
TR, FokMsE) 2 Huniz,
3-222. UL OFBFGE

ET. 680g DA AT U RBKEZIKETIL LN S 208 DAA T XA MEHRAIT
W, 2EFRMLEZObICZFAEI XY — (TKAEI X — FFBEL) Z2HOW
TIE#54% 6000rpm T 10 S L., A A7 XA bOSBEEZHAMLEZ, 20X
AT EZA N WMEER2ETOY T NVICHW E, RV~ —Z2FFERNVAA T XA |
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DER T, ERRA X XA NI E 1OWt% DI KR . B LA 4 ZHKE
FTEDRE LD X2 50ml A7 Y 2a—FIZMA . AEIFH—(KY ha,
KINEMATICA) % i\, [E#5% 10000rpm T 1 oM L TR Lz, A AT X
ANER)—LORAERIT.HE LT IHEBUERE L EFEAA T XA Ny
Bige ., AL CIBKRHE LERY v —20wt% /KKK, BLOA K%
FTEDIRE L7222 X5 50ml A7 Y 2 —FRNTH—ITRDLETHY herTRS
LT L HEGOAA XA =R ~—KiZ, LELOFIETTOHRAEL
AR T HZA =R~ —IRKIZ 20Wt% D KK ZMZ T, 50ml A7 Y = —&
NCTH—IZRD2FETHRY berrTCHPLTHBELE, =< vy a id, T Eh
EATEDEELRDEI2EAL, 50ml A2V 2—FHNTHRY barzfvn, [FH
H5 %L 10000rpm T 1 0 M #E L TRE L 72,
3-2-3. MERIEFIE

vk X OVFAL ) o K5 EE I GE 1% Brookfield UK (WA X by ZiH Y A
T L) ZHW, v —%—No.3, [H#54 12rpm TITW, FEEICRELEZY T
 25CIZTCHIE LT, BFAERY ~—KIEIEROEIZT AT~ A 7 o k53
(AMVn. Anton Parr) ZH W THIE L 7=,
3-2-4. BWMEBEFHIE

LA KL+ O e F B S B 221X OLYMPUSBX-60 Z fl\Z, A5 A4 KH T A ETA
A UK T 10 EREEICAHR L CTIT - 72, SEM #1%431X KEYENCE VE-8800
AV, EBERERS 9mm, fEE 1.TKVICTIT - 72, BT, 7 I ke &
CEEBMA L, BRICCHARLBEIE CHELL,

3-3. BRERBLUEZE
3-3-1. AR 7 ZA MBI ~DHEEM L HRE

HIDWED NaCl ZMATZARA T 2 A4 Ny BIEOKEZ % 1 B B A
KRG 2 W TCHIE Lz (Fig.l), A A7 Z A MYBOKIZ, HIEBENEINT 512
DN AA T ZA MLFHEOEBEMBIIEN RS RVEEIERT 5 2 & THEES L7228,
SOICHERENEMT D L FREOEEICID  MEIXRMICED Lz, K
MG A A 2 A4 FOREBEICK > TR Y | KU, SA, LASRKEDIAE, 37205
AZAATBA MRFEP/NSWVIEEMRME TSN T MR EZ R TIREICEK
W, PR T EM %O KU S BORITIREIPE A A L TWied, SA B XU LA ik
WX T b L, WEMER R SR o o, MEEMK & 72 2R EIX, KU 75 #UiK
TIX 0.7wt%. SA 73 HUIR TIiE 0.05wt%. LA B TIiX 0.1wt% TH D, A AT X
A N ORI A 4 v R E (CEC) LIFHMERALNRhoTo, ZhHD A
AT BA Ny HKZ SEM OBIZBICBML, BRICTHRERIETHBELLE
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KA Z Fig.2 1279, NaCl OIRMIC L VR 72036248 L TRV . FFIZT LA TBEHFE T
o7,

NaCl RN EZE 272 LAWt% D BIEOAB E . 256 OO0 HK &% &0 iE)
NT 7 4 Mx T (LA 1.5wt%., BT 7 4 > 50wt%) #HA b L7z & & D4t
B,z Fig3 lZxd, ez & TARPICHBEA oB SNz O/W B Th
ST, KPP TOHEBEEN 0.01wt% E TIEZ LAIZ O BIREZ R > TB Y 0 HiKRITE
HThole, INOLDODHIRICHENINNT 7 4 v EZMATHB LI LY 3 X
HALE R ICHALRL 7+ 23 A —. KM LA EICoBEL -, HEIRE 0.05wt%D 577 HUiK
TEFEHTHY, RTROE KA BFAR I N, WERE 0.1wt% Tix, 4+
BUIHERE 0.05Wwt% OB E KREL EDOOL T LEHTH > 7= B E ALY
XN, HIEE Iwt% B X 2wt% TIXZ LA IZEE L., oA E - LN, &
ERFL AR Sz, WIEE Swt%ll Tk LA T L., MK 23k -
BEbLOAHITHR I NN HES LI ELAY LD ) - T
MAECTZ, LAPBHLBETHERE CRI2AMADPARBEIND &0 ) BRIT
2 flitE (MgCl) OWMTHLREEETH -7 (Figd), HEE ER\WVWAKF TIE, LA
B3k EDBIMMENE S K< oM MAREA~ORENLZ VI WA
W X0 B UBLKMESME T (Bik({k) 72 LKA HEA~AERE LTS RDL
ERHAYEZFRATEE D, TR0, WEINT 7 4 U Z2HAALT H2DIZHEH L -
HBKEEZAELE LAK FIZ. DABREORE SOBEKREZ KT TERT S Z &
ZRLTWDH EZEZLND,

SA, KUIZHEBW T HFEERIC NaCl IBE 22 2, FAL i 2 3 A 72 5 R % Ll
L. Table3 12”3 (RAZ XA B 1.5wt%, M# /N7 7 1> 50wt%), T LM
W L0 A XM EL722, LAZ 5D R TOARAK BN HM 7 (301
mfRE) AR FEE I, KU, SA 2502 TiX, 100 m 2L EOH K23 AL
KF Ll SN2 > 72, LA K 2 HALY O FHMEE S 2 % Fig.5 ICR” T,
HALKL FRITHAA THDLAA T 4 NRERORETIITHLIBREKGFT D72
O, EERFERN B um L EDOA AT Z A4 N TiE, 100pm £V /S WHALRL
TR CTCE ol BZBLONA WTHOHAAALY L RIFTHEE R EDBR
FROENT ARA T Z A4 PRFICEDDRERFEREDZTEHR N TND EEZ X BN
726

HWa 3wt%ll EE L iRIE. A A7 XA MR IRE LU BIRIE R ITHE & &
WL FUEm IR X N7 ) =2 7 L, BRSNS B W TR, R o K E &
ZEICEAGT2Z2LbLELESA-O, HE 3wt%ll B A L THHERHEE
KOBWE I REAMNOMUZDI L RICAAZZA N ATFH U HERY v — L
DEEERICONWTHRHZIT - T-,

il

=]

54



3-32. AR EA V—IFFUHER)~~—BEEEICL B

AATHA NEIERICENABHZAL TWDIZO, T4 EWE &<
HAERT 2, 47 o= DGR TF A U MEREIEEAZ A > X — DL — &
LB AKIEAR 7 Z A M TRDOLEREMEARX 7 Z 4 NI, AEEBEAIO LV AR
V—arbhuo—LHLELTRAIRTWD 20, Bk KK &2 R i kAl %
THEBICH AL L WA 5T 52Ty B v 72~ a UER
I noltHEXIINETICELY 2N AHREMER A7 XA PEHVTREE
72 W/O B! (waterinoil type; M /KM) ==L a v 2T 2L WHIES A
ERTWDE 0 RXA 724 vehFArEREEEAR CBALT D E, K~D
THMEPER T T 27OICEEL THEL AR 7 24 FoKEM#ERIZEDN D,
AATBA NOKEEREEZ RES AR 2R <HARLLT LD, BT A
PEREEER LD LB AERELS D TEOH VI TF A UERY ~—%2 Mz T, A
AVEZAN=—RI)~—EEEREZERLSE, ZDOHAALRE L M EBEBIZ OV TR,

FT KA XA NO 3Iwt% BIRIZH T4 (b e — A (CC-A, Table2)
Z 0.01~05wt%E TMA TCREZBE LA, MDD TF A fbEre—
ABEPEZ DIV EHIRONBIZTA<<EY , WE» (FEMHAIERICLY)
BELTWDLZ EBNREINTE, ATFF bt ra — A REDN G 72 D ITHE VL E
A L7223, 0.5wt% £ TORMETIX, ARX 7 Z A4 FNOHEEEREN TERIZRKD
NHZ ENrolz, 2O NG, CC-AlL, AAT XA MOHERKEZ KX
KWT D& AATZ A FE2EE HAKILSEDLHEPN DD Z LR RIN
7=,

WA SA 4y ¥k 1 NaCl % 3wt% /Il x CHe#e L 7= (Fig.6), 26 O¥5E % B Y
FEEFICX OV E LR E%E Fig7 1077, RO ®H, CC-A HAMAKERIZ D
WTHRILZ T 7 RIZ/R L7, NaCl & A L 72\ SA— CC-A0.01wt% & & D K
Oy BORIE . HAE R TR PERFICIHEENR A Y v S LI ETE R o7, 3wt%
NaCl # &6 T 50 8ikix, NaCl 5 £ WAHBiRE ik L T, WFitd CC-A
BETHLHER T2 R LN, BMDOARXAZ A MFVIZ NaCl ZRMLEZEEO X
IMBERBER LI OB EE LD Z A VHEREE R TV, T bbb,
SA—CC-A BAKIZ, MEEOEIEA L L THET L2 ERHLNIR T,
NaCl Z 0 L7 SA—CC-A #HA KK IR DR IL. CC-A DS 0.2wt% T il
K% LTz, SA S BUKIE 3wt% @ NaCl Z RN 5 L. hEA B 2 Lk
M FIL < oD 2 L E72 CC-A BMAKEIK LV & SA—CC-A HE MWK EW
NEZEICEMETHD Z LB, SA L CC-ADHEERICEIIHEEEZLN
D, CC-ASAICHAEL., KHiFREOREHR L L TEH Z LKL CC-
AN SAKL TR LOFBENX BN EZTOBET D LK DD RFICET L
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N

TWDHHR, CC-ARENERWEGAIZIEAEDOZEN, GV IIL®BRE OREN
RKE<ERLTWD EEZ BN,

WIZ, BHEARA T 24 b CC-AEBERDODIARBITONVWTHANTL, ARX T XA
FMR.LFZNERRFEICEESEDL D _i%m%®ﬁﬁfx%7&4ké
CC-AEAERPIEHR L, WETHZENEELEEZ X, CC-AZE/KPIZ, £ A
AVEAL NEDBELERBI AT 7 0 2 MATHABL, Al a2 L, fdh
T T 4 THAE M AR D 15wt%, CC-A T2 ED 0.005~3wt% & 25 L 9 v
TV L=, Fig8ll, AA T XA s —CC-ABAKICE DAY DORE L A
8 Z2 R,

AR ZA PHIZED CC-ADIMMMPITRL -T2, KU &L DHEEKIZ, CC-A
REPNEEDLIFLEAARFITHARICRD, MFREPREFEL R | CC-A 1&%#7%
0.1wt% TIIH — b nGEonhno7-, Zid, KUK 2 CC-ARMIC

DEEFET HZ & T, KU-CC-AEEIROK BN/ KL, fﬁmw\zubﬁ%%ﬁ/ﬁk
TEhhollbtE2ZND (v I~y ailBnT, ALkl +
BIZHAK TH IR T D 10U ETHD Z ENEBRMITHON>TWD), SA L
DAL, CC-A BEE N 0.01wt%LLl £ TIX A bk & ICEALIZ 2> 7=, LA 1T,
WED CC-A B (0.005wt%) TP WHALKL O EZRHBATETH D |
CC-A DWMPEIZ LV HALKL FRICTIFE AL EEILDR 2o T,

ALY OFEEIZES L CiX, KU Tk, 5 CC-A OIRIME CTMKMEEZFF- 72,
ZhiX, Fig7 2R L7 SA—CC-A—NaCl AR TORR LRI, KU ~v—¢
DHBEAERIC L 28K EBELENFEFETL TV ESZIHNLD, LAICZD
WX, CC-A FRIME 0.1wt% AR ili TIL LA-CC-A #H & R K 4y BR 23 7 vk hg
D, BAEKEFHORERE COREKIZE DB THETE o722, SA, KU
EOBEERKSEDIT, WTHO CC-AREIZBWVWTHZFMEET, BEETH S
MEMN B B iL7e o 7=, SA3wt% B Ky Eoik il 1 B # ’/7“/»45#5733 Ve
FTAEHERY) =D SAKTEZRETHAZLET, LVvEy vl de d—x%
HEr R L TWbEEZLND, WTFRDODRARAZ XA FTH, CC-A FINHEE N
0.05wt% & B 2 5 & A Tk 2 M &2 R LT,

3-3-3. IFFUHERY v —FOBRFH

WIZ, AAZHZAMELTSAZHW, BRMEBESH FTEORRD D F A UHER
V~—Z M2 THAKEZERIE, ZOEEE %2 X7, SA3wt%F L Y, Table2 T
oDLfEL DT AR v —01wt% D EEKR O KIS ORI E (V) % Fig9 I
R, BAEKRKDEIEOKEIL, W F A MR ~—D 0 FENEWIE E & W HE
MIZH Y FFIZHh & 100 TR ABMIC EA Lz, 2FETIZ, I +F O
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SAKL BN EAET HEMEIZONWTEHEEZIT > 7= (SA HE =2.5kg/m™) 22, SA Ki 1
HE - BR - R A=75nm X 75nm X Inm (2 & Tablel £ V) OE GRS AR L THEA
T 5 & 3Wt% L BRI B W TIE—i8 75nm DL HFIE O T2 1 H D SA KL N TF
ETHZ L2, Al TFA MR ~—0F T, KLESTFETHDI DT
4 > ft HEC (CH, Mw=5 %) (X, DLS ZH W THE L =K FELL 70nm TH -
e, R —DBSARTEZRBECEIRECEXFoEEL WD Z &0
yOYIRR)

HFFERY =D F A ML E (Ne) DEm Wi E A X7 X A4 b OEENE

ELURENMIS 220 THAITK L, Nc@rﬂ\DDA DDB&uD@ 43 JCIR
&, Nc DRV CH & DA AR IK 7 BOK O R EE 1 T, HA RO BIK O R
FEIX Ne XM N 220> » 7= (Fig.10),

WA, T OB ARy EIRIZ NaCl % 3wt% Il 2 72 B O X5 (Vo) 2 HIE L
an%ﬂﬁmt&bvﬁﬁmkant@%fiotof%%%Fg11_ﬁﬁ‘Iwcu%ai
RWEA IR DORE V & NaCl & & e 8 A 1K 0 ik O k5 E Vn ODJ:E(Vn/V)
TROLEICLA2WHESGIT ALEEZAT IR v—HLTIXIZER%ETH
572 (CCH:%05 DD% :#03) B, hF A MRV ~—DHF+&E, hF A
YALE (Ne) oW e BN 20> 72 (Fig.12),

SA LRV~ —DEBEMBEEICOWTEHET L L, I F A UALERIEK W CH I,
SARL +REOABMICKH L /1000 FEE LN EEBMEZA L TWARWAR, I TF 4
IBEDOEWDD-AIZ I3 REZAL WS, A2 TERET2ED T 7L
XU T =KW, DADMAC # £ T2 @0 1+ F#HITZL N7
LXTEVT s —DEWL, ZThoDZ &b, DD%RE CCHRENT, SAKL T DA
B EMHBEEAL TV D EBRMOBNRKES AR EZ X DN WEDOFEHHITK
EREFEVWIAHLIETFHRINEN, HREITHIIK LTV, ZOHEHBITHOWTIE
FHTHY, SHBRIOBRIBMFADBDLETH D,

WIZ, SA DBIRIZFE 2 1 F AR Y <~ —0.1wt%i L Y NaCl3wt% % il 2 T
PR L ARSI, BN T 7 4 30wt% A M A CHAL A REL L 7=, 5
bW D K5 & HALKL 72 % Fig.13 12783, NaCl 38 X O SA % & T4y #UiR C
L7=HAL O HAVKL F81E 100w m A TR 52> 7270 (Table 3). W F A4
VRV —ZRMTAHZ LT, WD 30~50u m O 7 FLAb KL T A
THIERNTEL, BTFFUHERI~v—IZE, 7 TRNICHEKEEZETLIHOLE
WIZD  AATZA N - ADFF MR v —BEERDOBKRMEN A AT X A N HAM
EvbmbEL, WKRAEAS~OWUERESG ICRoTTodEFZE X TWDH, AR -8

T F AR~ —FICEID REBRER L, 2T Ly 7 20K
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K72 EDOMEIZ, RERENRR VW ENTRENTZ, 2O Lid, SA-IF 4
VRV~ —a T Ly AFD AR XA NRLFREEOEBEEN T A R
J~—OEMBESLDFEICRKRELSEEINRNIEEZTIBLTNDEEZXD
Nod, WTROAH L RECTHALK FOE—ITALNTRETHD, ARXATH
A =B FF MR ~—BAIEN, Fig.14 1273 K 5 (Tt o 8 kA & FAk
FleLTHEET I ENRRENTE,

3-4. ®S

AR EANGBIRIS, AAT XA MRLTPEE - LETOREORE  THE
BRI DL, BERIAAMYPABCTCE D BN No T,

AR HEA N = F A AL = AL NaCl %2 3wt% g ek H T H#
MRS DY (MEEEER), 2o AR E L THETLIZ BT,

CARATEA S =D FF A =V EERIT A AT XA B HR &
WL T HDODFEMLETTAAZ Z A FORBREZDE | KR L L THOM 7 Ak 7 £
D<) arEiflcEi-,
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Table 1 Cationic polymers used in this investigation

. . Chemical Mw .
Abbreviation Sales name Supplying company . Nc structure of cationic part
structure (x10%)
The Dow Chemical
CC-A PolymerJR-400 ¢ Dow Chemica 45| 1~2
Company CH,
CC-B Jelner QH400 | Daicel Fine Chem Ltd. Cationic 80| 1~2 |+ -
) cellulose CH,CHCH,—N—CH, al
CC-C Catinal HC200 Toho Chemical 160 1~2 | |
cc-D Catinal HC400 Industry 2000  ~1 OH  CH,
CH,
|+ -
CH Oligoquat M Arch Chemicals Cationic HEC* | 3~5[0.3~0.6 CH??HCH2_T_ R 149
OH CH,
R=C18~ 22
CG-A JAGUAR C-14S 280  1~2
. Cationi .
CG-B JAGUAR C-17 Rhodia atiome guat 650 1~2 same as CC series
gum
CG-C JAGUAR EXCEL 2000 1~2
DD-A Merquart 100 15 100
DADMAC** CH, H,C
DD-B Merquart 106 1.5 100 He — cq
- DADMAC- I
DA Merquart 550 Lubrizol ¢ 160 8 H,C_+ CH,
AM*** N -
DADMAC-AM e e, @
DAA Merquart PLUS 3300 e 150 10 ’ ’
AAFHEE

* Hydroxyl ethyl cellulose
** Diaryl dimethyl ammonium chloride

*% Acrylamide
ik Acrylic acid

60




8000

S

6000

4000

Viscosity / mP-

2000

0
0 2 4 6

8000

6000 J\

4000

2000 \
N

0 02 04 06 08 1

S

Viscosity / mP*

20000

o] |\
|\

5000 N

02 04 06 08 1
NaCl Concentration / wt %

S

Viscosity / mP

Fig.1 Viscosity of the (4)2 () 3 (A) 4 wt% clay
dispersions a; KU, b; SA, ¢;LA, as a function of NaCl
concentrations.
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Fig.2 SEM images of the 3wt% clay dispersions with and without
NaCl, a-1; KU without NaCl, a-2; with 2wt% NaCl, b-1; SA without
NaCl, b-2 with 0.5wt% NaCl, c-1; LA without NaCl, c-2; with
0.5wt% NaCl.
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(2) (b) (9 d @ @O

A ]
Appearance homogeneous
ol el i
water water
KRR s
Appearance phase separation | emulsion emulsion
Droplet size (um) - >100 30~100

Fig.3 A: LA 3wt% dispersions, B: Emulsions containing 50wt% liquid
paraffin and 1.5wt% LA and water.

Concentration of NaCl are (a) 0 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 (f) 2wt%,
respectively. Doted area expresses its appearance; [J:transparent,
[J:translucid, urbid
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Appearance

hase
homogeneous P

oil

water

il

Appearance phase separation emulsion emulsion

Droplet size (um) - >100 30~100

Fig.4 A: LA 3wt% dispersions, B: Emulsions containing 50wt%
liquid paraffin and 1.5wt% LA, water, MgCl, .

Concentration of MgCl, are (a) 0.001 (b) 0.01 (¢) 0.05 (d) 0.1 (e) 1
wt%, respectively. Doted area expresses its appearance;

[1 :slightly translucid, Etranslucid, B :turbid
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Table 3 Appearances and the droplets diameter of the clay-NaCl emulsions

Emulsions containing 50wt% liquid paraffin and 1.5wt% smectite, water,
NacCl, respectively. Doted area expresses its

appearance; [ttransparent,[d:translucid,

NaCl(wt%) | 0 | 0.01 | 0.1 0.5 1 5

KU

Drople 500 ~1000 ~500 phase
iameter (um) separation

SA

Droplet
diameter

(pm)

~500

LA

water water

Droplet
diameter (um)

phase
separation
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Fig.5 Microscopic image of the emulsion
prepared with 2wt% LA, 0.24wt% NaCl,
50wt% liquid paraffin and water.

Fig.6 SA 3wt% dispersions with various CC-A
concentrations, A: without NaCl, B: with 3wt% NaCl.
Concentration of CC-Ais (a) 0.01, (b) 0.05, (¢) 0.1, (d) 0.2,
(e) 0.5wt%, respectively.
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Fig.7 Viscosities of SA 3wt% dispersions as a
function of CC-A concentrations, 4 ;without
NaCl, l;with 3wt% NaCl, A; CC-A aqueous
solution, respectively.
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Fig.9 Relationships of the viscosities of clay- cationic polymer
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Fig.10 Schematic image of cationic polymer and clay particle in water
(a) SA3wt% (b) CC-A
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Fig.12 Relationships of the Vn/V and A; Nc, B; molecular weight
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Fig.13 Black bar; viscosity, grey bar; average droplet diameter, of

SA-cationic polymer-NaCl emulsions, respectively.
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Fig.14 Schematic illustration of oil droplet stabilized with

smectite-cationic polymer complex.
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Fig.1 Oilgel with _
Organoclay (OC) and @ (Cy4),C,NH,*Cl
liquid paraffin O™  Nonionic surfactant

Fig.2 Schematic image of oilgel of OC
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Fig 3 The viscosity of oil-gel prepared from the various mixing
ratios of mnonionic surfactants / OC. Surfactant for
cyclomethicone was PEG-10  dimethicone, that for
isohexadecane and liquid paraffin was PEGS diisostearate,
respectively. Stable oil-gels were shown by the dash lines.
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Fig 4 Comparison of the inclusion compound and OC
SAXS spectra
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Fig 5 (A) The interlayer distance of OC, the viscosity of oil-gel
prepared from the various mixing ratios of PEG-8 diisostearate
(P8I) / OC. (B) The adsorption ratios of P8I on OC and free P8I
in the systems.
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Fig 6 SEM observation of oil-gel prepared from P8I / isohexadecane
with various mixing ratios of P81/ OC. The ratios were shown at the
lower left corners of individual photographs.
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Table 1 Formulae of the W/O type emulsions prepared in this study

Dimethicone | Isohexadecane
Ingredients type (%) type(%)
Water 58.38 59.35
Alcohol 3
Glycerin 3
Butylene glycol 5
Disteardimonium hectorite (OC) 2.1 2.1
Polyoxyethylene * methylpolysiloxane 3 1.5
Copolymer (P10DM)
Polyethyleneglycol (8) diisostearates (P8I) } 0.1
Isohexadecane - 10 - 10
Isododecane - 13 - 13
Dimethicone 2 9)
Decamethyl cyclopentasiloxane 23 ;
EDTA 0.02 0.05
Phenoxyethanol 0.5 0.5
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Fig 7 Changes in the frictional properties of the emulsions on

artificial skin.

The blue and red lines represent the friction of

conventional cyclomethicone oil-gel and isohexadecane oil-gel
systems, respectively. The friction of the latter was found to be
lower than that of the former.
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Smooth after application

Spreading character H_‘— ® Better
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ly fecling NN
Non oly feeling [ No difference
Skin compatibility [ S]] 0 Bad
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Fig 8 Results of sensory texture evaluation of isohexadecane / P8I
formula. Eight experienced panels compared the formulae with
cyclomethicone / P10DM formula as the control by 6 evaluation
items and graded their impressions into 5 grades; better, good, no
difference, bad, and worse. The 6 evaluation items were spreading
character, non-oily feeling, skin compatibility, non-stickiness,
moisture providing ability, and smooth after application. The non-
stickiness and skin compatibility of isohexadecane / P8I formula was
found to be better than that of cyclomethicone / P10DM.
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Lo BEN R Z 5, LTFIC, REFEZEMORIG 2~ VF IV g il
LTODORA L FMITHONTIRRD,
5-1-4-1. REEHAORBRLESE

A REiEERH OBEESCEIT, ETOALEMRBIZRE REEL KITT,

89



FF.wAF L v a URBICHE L REIEHEA OB IZONTIER S,
BEWMDORE R~V F T~ Ly g Zifllfl4+ 520, #HokrERmiErEg & #
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LR EEEAENKRE D> T S 2230 Table 5 27T K912, K~DfEH

97



EARIIMICHEXTEWEZD, O/WO BlwrFFro< iy arrONMEICESE
Lo THMENCTVEAZHLIADD Z & T OKMHENREBEHENY ¥—& L TH
RS, ZEMINDZEE2MFL, AR O AEENR LW A B S L7 O/W/O0
B~nF 7<) ar (NHEIEDMEIMEICLYME) oMz, 2. o6,
MEICL->THOMING N, LT/ — AL (EXI AT Va—L) ZHALCIAD,
R CoRENE R,
52-4-1. ==V varifTDEE

FPF.HEHEv LY a VORMIZLT ) — L EEREGLEBEO B & 50C
4B DO VT ) —)VFEFHE % Table 6 [ZR" T, MEN T 7 4 VTR LI LT
J—=iE A EMBICEEFEL TR oo, mw by a VEFITIEES LT
BY., ZOEFERITO/WO, WO, OW =< /Ly a rOlEIZEN»- 7z, SMEIC L
F )= NEREALE WO =< /Lya T, MBHEWLTF ) — LIRERNED
NERERLLT, ROEIICEZTND, Thbb, FEEMEA O X 5 7
MEWE T AREER LEMICRET D2 N TEY 0 LF 7 — b A
R EEEMICRE L, BEAKEZER L T D EEZOND, LM E LT
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20 EERWMEICT A0, V=L XD B EEICENTEXY I A
SNV T — NEREBNT 7 4 VIR, 2-2-5 IZEE O FETHBILLY L EE 2
7 B S TE Al (HC060) Z#HWVWT O/W Bz~ Ly a vzl L, 50CIC
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b, EZIV ANLMIT-FOEAEREIT., =~y a VARPIZE N5 EER
LRI L TV D Z ERRES Tz, RIT, WO HALAl & L TH W A HE
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EDTA - 3Na (EDTA) 0.1wt% # A& L, TOEEEZFH -, REETOLF /) —1
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Fig.1 Schematic illustration of multiple emulsion

Fig.2 Process of destabilization of multiple emulsion
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Fig.3 Schematic representation of a O/W/O multiple emulsion
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Fig.4 Schematic Illustration of interfaces of multiple emulsions
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AN OH

Fig. 5 Chemical Formula of All-trance Retinol

Table 1 Condition of HLPC measurement

Measured condition
material
Reversed-phase | Vitamin A Vydac 201TP 104 C18, 4.6 x 250 mm
HPLC column (The Separations Group, Hesperia ,
CA)
Vitamin A Capcellpak UG 120 C18, 4.6 x 150
palmitate mm (Shiseido)
mobile phase Vitamin A 10 mmol/L potassium phosphate
monobasic and 2 mmol/L potassium
phosphate dibasic
solution/acetonitrile (4:6)
Vitamin A methanol
palmitate
flow rate Vitamin A 1.0 mL/min
Vitamin A 2.0 mL/min
palmitate
detection 325nm
column oven temperature 40°C
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Table 2 Formula of O/W/O emulsion for varying concentration of
hydrophilic surfactant

: Content
Material (Wt%)

Inner oil phase Liquid Paraffin 20
1,3-butylen glycol 10
Water phase PEG60 caster oil (HCO60) A
Water 40-A
Liquid paraffin 27
Outer oil phase Organoclay (OCDS) 0.4
PEG14 Di-isostearate (PEIS) 2

= S
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E * 1300 2

= o m =

(D) . o

% 1f e T200 ©

2 =

S o Q ® o

g 1100 5

: z

o 2

/0.1 0 3

0 1 2 3 =

HCO60 / wt%

Fig.6 Effect of the concentration of the hydrophilic surfactant on the
diameter of internal oil droplets (@), and the viscosity of O/W/O
emulsion (). The concentration means wt% to the whole O/W/O
emulsion weight (all of the following graphs are the same). The solid
line are connected and data points.
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Table 3 Formula of O/W/O emulsion for varying concentration of
lipophilic surfactant and organoclay

: Content
Material (Wt%)
Inner oil phase Liquid Paraffin 20
1,3-butylen glycol 10
Water phase PEGG60 caster oil (HCO60) 1
Water 39
Liquid paraffin 30-A-B
Outer oil phase Organoclay (OCDS) A
PEG14 Di-isostearate (PEIS) B
3
25 [ ®
S ,xe00000 0
= °
” 1.5 ® . ©
® ° 1:03
S xxe0 @0 ©
VS C R
05 Aed © @ ©
£ A A A
0 e I I \/ N/ N/
0 0.2 04 06 08 1 1.2

PEIS / wt%

Fig.7 Phase diagram of OCDS / PEIS system for O/W/O
emulsion. The open circle (O) represents the stable state of
O/W/O emulsion, the open triangle (A), unstable at 50°C for 1

month, cross ( X ), no O/W/O emulsion obtained.
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Fig.8 Optical photomicrographs for O/W/O emulsions; 1 Initial
condition of O/W/O emulsion for OCDS/PEIS (1.5/ 0.6 %), (a)
right after preparation, (b) stored 1 month at 50°C.
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S—-4288 1.8 kV X3.58K 8.57em

Fig.9 Cryo-SEM for O/W/O emulsion with organoclay

(a) (b)

P,

=)

Fig.10 Schematic depiction of effect of W/O interface on O/W/O
emulsion system; (a) rigid interfacial membrane with organoclay
prevents the internal oil droplets from coalescence with the external oil
phase, (b) the internal oil droplets are more likely to be absorbed by
external oil phase without organoclay.
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Viscosity of O/W/O emulsion (mPa-s)

ang g 1
P By
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Content of PEIS (wt%)

Fig.11 Effect of lipophilic non-ionic surfactant concentrations of on
the viscosity of O/W/O emulsions. The open circle (O) represents
the O/W/O emulsion using 0.75% of lipophilic non-ionic surfactant,
the open square ([1), 1%, the open triangle (A), 2%.

Viscosity of O/W/O emulsion (mPa-s)

03|

1 : 3
Content of the total amount of
OCDSHPEIS (wt%)

Fig.12 Effect of inclusion compound concentration on the viscosity
of O/W/O emulsion. Weight ratio of OCDS to PEIS is fixed at 0.2.
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Table 4 Formula of O/W/O emulsion for varying weight fraction of inner oil
phase ratio

®O/W

Components 0.1 0.2 0.3 0.4 0.5
Inneroil 1. id Paraffin 71 14| 21| 28| 35
phase

water 52.6 | 45.2 37.8 30.4 23
Eﬁltseer 1,3-butylen glycol 10 10 10 10 10

HCO60 0.4 0.8 1.2 1.6 2

. Liquid paraffin 2

Outer oil OCDS 0.4
phase

PEIS 27.6

Table 5 Formula of O/W/O emulsion for varying

d(O/W)/O
Components 0.5 0.6 0.65 0.7 0.8
fnner ol 1y ;1 id Paraffin 15| 18| 195| 21| 24
phase
water 2429 | 29.14 | 31.57 34 38.8
Water | 1 3 butylen glycol 0] 12 3| 1a] °
phase ’ yien gy 15
HCO60 0.71 0.86 0.93 1
1.14
| Liquid paraffin 46 36.8 | 3232 | 27.6| 18.4
Outer oil
phase OCDS 3.33 2.67 2.33 21 1.33
PEIS 0.67 0.53 0.47 041 0.27
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Fig.13 Effect of weight fraction of internal oil (¢O/W) (as measured by
the ratio of internal oil weight to the whole internal O/W phase weight)
viscosity of O/W/O emulsion. The open circle (O) represents that the
stable O/W/O emulsion was obtained, the cross ( X ), unstable state (oil
float was observed).
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Fig.14 Effect of weight fraction of O/W phase on the diameter of water
droplets and the hardness of O/W/O emulsion. The open circle (O) represents
that the stable O/W/O emulsion was obtained, the open triangle (A), slightly
oil floated or water separation was observed, ( X ) not obtained.
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Fig.15 Schematic depiction of retinol stabilization in O/W/O
emulsion.

Table 5 Solubility of oxygen to solvent

solvent Solubility*
X1072=cm?/cm?(25°C)
Water 2.8
Ethanol 4~6
ester oils around 10
Hydro carbons around 20
Silicone oils around 30
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Table 6 Formulas (%) of Emulsions and Retinol Stability

Components LP* solution O/W W/O O/W/O
Inner oil phase Liquid paraffin 99.9 10 10
Retinol 0.1 0.1 0.1
Water phase 1,3-Butanediol 5 5 5
Glycerine 5 5 5
PEGG60 caster oil 1 1
Carbomer 0.1
Methylparaben 0.1 0.1 0.1
Ion-exchanged water to 100 to 100 to 100
Outer oil phase Liquid paraffin 27.6 27.6
Smecton DS-100 2 2
PEG14 Di-isostearate 0.4 0.4
Retinol 0.1
Remaining percentage of Retinol 0 13 457 50.6

at 50 °C after 4 week
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Fig. 16 Effect of peroxide in an O/W emulsifier (Nikkol HCO-60) on
the stability of Vitamin A palmitate (VA-pal); the remaining
percentage of VA-pal at 50°C after 17 day. POV, peroxide value;
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Fig. 17 Ffect of organophilic clay minerals and O/W emulsifiers on retinol
stability; the remaining percentage of retinol at 50 ‘C, with (@) Smecton
DS100 and Emulex 600 di-IS, (A )Smecton DS100 and Emulex 600 di-O,
(®) Benton 38 and Emulex di-IS, () Benton 38 and Emulex di-O.
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Fig. 18 Effect of inner oil phase ratio (¢1) on the stability of
retionol; the remaining percentage of retinol at 50 “C after 2
weeks, (@) in O/W/O, and (H) in O/W.
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Fig. 19 Effect of inner oil phase ratio (¢1) on encapsulation
percentage (the ratio of retinol in inner oil phase to the total amount
of O/W/O emulsion); (O) day 0, (@) 2 weeks at 50°C.
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Fig. 20 Schematic depiction of retinol distribution in O/W/O emulsions at

the same concentration of retinol; (A) @i = 0.1, (B) @1 = 0.2. The difference
of retinol concentrations between the inner and outer oil phase (AC retinol)
induces retinol to migrate from the inner oil phase to the outer oil phase,
resulting in a decrease of encapsulation percentage.
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Fig.21 Effect of antioxidants on retinol stability in O/W/O emulsions; the
remaining percentage of retinol at 50°C, (@)control, (O) 0.05%
Buthylhydroxytoluene (BHT), () 0.1 sodium ascorbate (AsANa), ()
0.1% EDTA3Na, (A) mixture (0.05% BHT, 0.1%, 0.1% EDTA).
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Fig.22  Phase inversion measurement system

Table 5 Formulation for inbestigation

Material W/O O/W/O
Inner oil phase  Liquid paraffin - 5~10wt%
Higher alcohol - 3
Water phase Glycerine 5
Sodium Stearoyl glutamic acid - 1
preservatives 0.1 0.1
Ion exchanged water 100 — content of other materials
Outer oil phase  Volatile silicone oil 20 20
Organophilic clay 2
PEG-10 Dimethicone 1 1
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Fig.23 Changes of frictional coefficient during applying, the inner oil phase
ratio for O/W/O emulsion is (a) 12wt%, (b) 8wt%, (¢) Swt%, (d) Owt%
(=W/O emulsion), respectively
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124



Frictional coefficient

Fig.25 Microphotograph of the O/W/O observed (a) before drastic
change for the first time (b) during the friction decreasing (c) after
the second change

Fig.26 Appearance of (a) W/O emulsion with 90% water phase
ratio (b) O/W/O emulsion with 87% inner phase ratio
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