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Colloidal particles can be irreversibly adsorbed at fluid interfaces, such as oil-water and air-water interfaces. The particle
adsorption leads to stabilization of dispersed systems of two immiscible fluids and particle-stabilized, that is, Pickering-type
emulsions and foams can be prepared. These materials show some unique properties as a result of adsorption of the particles
at the fluid interface. One of the striking phenomena is that liquid drops can be dispersed in air with the liquid-air surfaces
coated by liquid-repellent particles. When the liquid is water, a water-in-air material, named dry water, is produced by
aerating water in the presence of extremely hydrophobic silica particles. The dry water is a free-flowing powder which can
contain significant quantities of water as micron-sized drops. A powdered oil-in-water (o/w) emulsion, that is, oil-in-water-
in-air (o/w/a) material is a dispersed system in which the continuous phase of a particle-stabilized o/w emulsion is dispersed
in air by encapsulating the water globules with hydrophobic particles. During their preparation, oil droplets in water globules
are forced to move due to high-shear mixing, leading to creaming of the oil droplets and possible wetting of the oil droplets
on the hydrophobic particles which induces destabilization. In order to prepare powdered o/w emulsions efficiently, the
extent of creaming of the oil droplets has to be suppressed. We describe how to achieve this by mixing two oils of different
density and prepare powdered o/w emulsions from oil mixtures exhibiting a decreasing density difference with water. As the
extent of creaming is reduced, enhanced stabilization of the powdered emulsions occurs. By applying the strategy used to
stabilize the powdered o/w emulsions, a powdered aqueous foam, that is, air-in-water-in-air (a/w/a) material can be prepared.
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Figure 1 Dispersed systems prepared from fluid mixtures

and colloidal particles. For oil-water mixtures (upper),
emulsion drops of oil in water or water in oil are stabilized
with hydrophilic or hydrophobic particles respectively. For
air-water mixtures (lower), air-in-water foams or water-in-air
powders can be likewise stabilized, as demonstrated here.
The particle wettability is described by the contact angle
0 the particle makes with the interface, measured through
water. Reprinted from Ref. 4.
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Figure 2 (a) Digital photograph of dry water. (b) Optical micrograph of

dry water. Reprinted from Ref. 4.
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Figure 3 Preparation of oil-in-water-in-air materials. An oil-in-water emulsion stabilized by
partially hydrophobic particles (blue) can be aerated by mixing with very hydrophobic
particles (red). Oil-in-water-in-air materials consist of oil drops dispersed in water globules
themselves dispersed in air, with very hydrophobic particles adsorbing at the air-water
surfaces. Excess particles that are not adsorbed retain their powdery nature. Reprinted

from Ref. 8.
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Figure 4 Density difference between water and oil mixtures
(Ap) as a function of volume percent of silicone oil in mixtures
with dodecane measured at 25°C. Reprinted from Ref. 10.
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Figure 5 Dependence of average diameter (filled points)
and average C.V. (open points) for oil droplets in o/w
emulsions on Ap. Reprinted from Ref. 10.
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o/w emulsions versus Ap . Reprinted from Ref. 10.
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Figure 7 Optical micrographs of powdered o/w emulsions prepared using oil mixtures of
different density. (a) Powdered o/w emulsion as is with Ap= 0.033g cm™. (b) — (f) Powdered
o/w emulsions dispersed in dodecane for Ap= (b) 0.248, (c) 0.194, (d) 0.143, (e) 0.089
and (f) 0.033g cm™. Scale bar refers to 500 um on each. Reprinted from Ref. 10.
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Figure 8 Dependence of average diameter (filled points) and average C.V.
(open points) for oil droplets in water globules in powdered o/w emulsions on
Ap. The dotted line represents the average oil droplet diameter in precursor
o/w emulsions. Reprinted from Ref. 10.
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Figure 9 Digital photographs of powdered o/w emulsions prepared using o/w emulsions with Ap= (a) 0.248
and (b) 0.033 g cm 2, which were piled on a cylindrical base showing different angles of repose.
Diameter of cylindrical base is 45 mm. (c) Angle of repose of powdered emulsions as a function of Ap.
The dotted line shows the angle of repose for dry water (no oil). Reprinted from Ref. 10.

Figure 10 Optical micrographs of a/w/a materials prepared using agueous foams with different water
phase viscosity: Wi sion / Wt% = (a) O, (b) 8.0. Scale bar refers to 500 um on each.

BEL., KAl oG4 5 ICBUKEIR - cE bz
Kit Ga) R 4—2RI L, [EHEET L ENT
MEIND, RIFFETIE, WEERE, 225/ KERITH L
TIEWAEEDIFFITHIKN 2 ) AT (HDK N20 > Y
) REMNT A X KHOKE RS &, B
DEIBOBEEEOIH T 5 Z LI2X ) a/w/amiiiho
bz ATz

BICBUKINZ: > ) HRT- (HDK N20) Zhn2. Bk 7z

YU AKF (HDK H18) & & btk - R L2 2 5,
KIA Y+ —&— LAk RROWEPER SN, &
OBEROWE ZM (FFH ) 120 EE5 EME un
FEEE DKM It an B O RIE & Bobh 2 Wikhs g
ENLZENDL, TNSOBRERWE L a/ w/aniih O3
Y F =T —20) THDHIEHIREEN (Fig.10), F72,
ARG EE DB GRAHZ N3 % HDK N20 ¥ 1) 7 D
FE W 1000 sion PIEI) \ZHE, a/w/a 53 BCRN O IKIE R O,



HWORIZHEM L7z L2255 Ty a/w/aZiiRizBnTd
A O (KiE) OBBMEE OIS, ZEfbodk
EMHTTHHZ EHURB I, EREIO—HMEHIVR S
nrz.

&!n

¥
PAEMEIEAN T Z X b o Y — iR R E o TR X
D AFEO—EDOWNED, 7 A ) IMLFEZDFEREITHE
WINF LA GIHXERLI) . THRIWA7Z&E L2
2L DB L 5,

(51ACHER)

1) B. P. Binks, T. S. Horozov, in Colloidal Particles
at Liquid Interfaces, Eds: B. P. Binks, T. S. Horozov,
Cambridge University Press, Cambridge, U.K. 2006,
Ch. 1.

2) M R T & BRI SBCR O R,
LFH1 x> 10,9-14 (2010).

3) HE R:FIA4)Fy /) Fy RYe—7VOREE),
MR FEET VY a v BXO7 +— 24 (B2 ks
BiAE), THHbERE (2012).

4) Binks, B. P., Murakami, R.: “Phase inversion of
particle-stabilized materials from foams to dry water,
Nature Materials 11, 865-869, 2006.

INGZ—II 3> BLVINTE—T+ —LDOREIERDAZEA

5) Binks, B. P, Duncumb, B., Murakami, R.: Effects of
pH and salt concentration on materials derived from
air-water-silica particles, Langmuir 23, 9143-9146,
2007 .

6) Murakami, R., Bismarck, A.: Particle-stabilized
materials: dry oils and (polymerized) non-aqueous
foams. Advanced Functional Materials 20, 732-737,
2010.

7) HAEE, B EM, TINE—S: W/ PHEZ AT
A3 F—BAH ORI L FOH M, #HE, 42, 313-
318, 2008.

8) Murakami, R, Moriyama, H., Yamamoto, M. Binks,
B. P., Rocher, A.: Particlestabilization of oil-in-water-in-
air materials: powdered emulsions, Advanced Materials,
24, 767-771, 2012.

9) Binks, B. P, Lumsdon, S. O.: Effects of oil type and
aqueous phase composition on oil-water mixtures
containing particles of intermediate hydrophobicity,
Phys. Chem. Chem. Phys., 2, 2959-2967, 2000.

10) Murakami, R, Moriyama, H., Noguchi, T.Yamamoto,
M. Binks, B. P.: Effects of the density difference
between water and oil on stabilization of powdered oil-
in-water emulsions, Langmuir, 30, 496-500, 2014



