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Abstract: It has been 40 years since emulsion inversion was observed. Emulsion
inversion is a phenomenon in which O/W emulsion inverts to W/O emulsion or vice versa.
In other words, the dispersed and continuous phase of an emulsion is reversed after
emulsion inversion takes place. For three-phase emulsions, not only emulsion inversion but
also emulsion transition has been observed. In emulsion transition the continuous phase of
an emulsion remains unchanged, but the dispersed emulsion drops, which is basically a
two-phase emulsion, experience emuision inversion at a certain temperature. Such
temperature is called the emulsion transition temperature. Emulsion transition was a
product of theoretical speculation and was experimentally observed for a couple of ternary
amphiphile/oil/water systems. This phenomenon is a novel one, which has been unreported
to date. In this article emulsion inversion and emulsion transition are compared and
discussed.
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Fig. 1. Emulsion inversion.
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Fig. 2. Emulsion inversion and its hysteresis.
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Fig. 3. Emulsion inversion cusp for the binary
amphiphile 2-butoxyethanol/water
system. Symbols are the
measurements, and solid and broken
lines are the fits by critical scaling
and catastrophe theories.

feA wigel Ay N FFE THF o
(catastrophe theory)® Al %3 o] &(critical
scaling theory)2.8 %&3% ZI %= Fig. 30] B
ogF 1 gty dF o]2& W I AHEl A~y

AEd way odA Hde] 3

& AF3 dgFsHot §& B2 dHs
23S & 5 Utk olsE g8 9A 3
2L Wg oLy ZF ¥ ol
2% (curvature) = & &34t of Ae
03 o|2& oEA W Uit FHES HY

rlo _CL ) -Iiﬂ

A2+ dod ABA A¥e AF FA

pa A 24 olee 334 dae A%
S 3HA A4S esbl 31 gaos
JEA B ATHE e o] F o
WA AEHE Rl FAE F ASE AN
ek,

SL' r}m
ki mo hu

3. 3 olg™e] =

3EA FXA BA/NE/EY A AFE
gutdog =glE Tz JEphich o] o A
4o 7t BAHE A JEL, 7T FL 2%
g vehid, vz g4ed 4 AFS Hole
Aol g3ty 2E7F 4 o 4 74%‘ %—
ZEZE THE 2% &4 FHGor RE gHE
274 2 34 d9oire odd Fxo A
Fig. 49 Yetdch.

T(T A Ee dddy 24 498 533
® 24 dogolre] dEA T HE 3]2H
YA 2 Fig. 49 A4Fo] w2l w9} Zed 3
AEA 24 dHEHY WE S aHEA e 24
A 278 dEAAMY o] cusp FEHjolth
T, ANX= TXT 4 99 FA8 cusp
3 ¢ AAXM(tie line)? W3ko] mlx AL
W2 gAY wuE gehie gel o,

T {T(T MM ¢d 94937 & 3
MY 24 9o 2 A4Pes FHHEA 99
o] Vtebdth 2-4 dFiA e o BA A
e DT, 55 T{T, 4 49 24 o287
HFEol frAtsrHel

33 d9doixe A HPBAJE T (top phase,
3 4, M (middle phase microemulsion), B
(bottorn phase, °}& A2 FAE F gl o]
dgo Ao dEA FxE 24 dEATGE g
o Fz27F el T, M, B Ao] & #Agt
Uehtes 29 sdels 2571#) 7 "o ol
9] & Fig. 59 et Figbsa ¢ Fig.

T 7 R 24 dAr 2EFHez E4]
5o} & (partially engulfing) AI2A Fxo|

- 269 -



4

#4733 HBEM e

Amphiphile Amphiphile Amphiphile

7 /’\\

;/ \
// \ O oil-rich phase /].‘; \\
)

Middle phase microemulsion |

/
Top (oil-rich) phase / \\

Bottom (water-rich} phase /

/ \ W : water-rich phase / ‘_/ S /
/o /e /.
e \ 2 p e
Plait pumt/ s - | o / / e
/ N i
\ /s s P
A\ —
W0 2 / /
oil !.nvverticm Brine oi He Brine  Oil
hysteresis
zone @
Th TUC
T<Ti I T|e<T<Tuc 1 Tue<T N
Two-phase emulsions r Three-phase emulsions 1 Two-phase emulsions

Fig. 4. Phase and emulsion behavior for a temary amphiphile/oil/water system. The

three-phase tie triangle appears between T, (lower critical endpoint

temperature) and 7T ,. (upper critical endpoint temperature). In the tie-triangle,
M-, T-, and B- denote emulsion morphologies where the continuous phase is
middle phase microemulsion, top (oleic) phase, and bottom (aqueous) phase,
respectively.
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Fig. 5. Emulsion morphologies that may be formed from three-equilibrium phases 7,

M, and B theoretically when the phase B is continuous; (a) nonengulfing [denoted as
(T+M)/B or T/B+M/B], (b} partial engulfing [(TM)/B 1, (¢) complete engulfing with a
core in a shell [T%/M/B], (d) complete engulfing with multi-core in a shell [77/M/B], (e)
bicontinuously-dispersed [(7-M)/B], (f) bicontinuously-continuous (T/(M-B) or
T/M+T/B], and (g) tricontinuous morphologies [7-M-B]. The number of morphologies
are (a) 3, (b) 3, (c) 6, (d) 6, (e) 3, (f) 3, and (g) 1, respectively, and therefore the total
number is 25.
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Fig. 6. Emulsion transition of T"/B/M to
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Fig. 7. Emulsion transition of of T7/B/M to B"/T/M should occur via (T+B)/M.
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