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In the past two or three decades, many studies have been reported concerning effects of shear
flow on the structure of the lyotropic phase. Among them, the most striking result may be the
transition from the lamellar phase to the "onion phase" where all the space is filled by
multilamellar vesicles alone, which cannot be observed at rest in usual. After the first
publication by the French group in 1993, the onion formation has been reported for many
surfactant systems. However, conditions and mechanism of the transition have not yet been
fully understood.

About 8 years ago, we have found the lamellar-to-onion transition with increasing temperature
under a constant shear rate in a nonionic surfactant (CisEz/water, C,En is an abbreviation of
CnH2n+1(OC2H4)mOH) system by using simultaneous measurements of rheology/small- angle
light scattering (rheo-SALS) and rheology/small- angle X-ray scattering (rheo-SAXS). Recently,
we have also found a system (CisEs/water) which exhibits re-entrant transition, i.e., the
lamellar-onion-lamellar transition with varying temperature. It is shown that the onion phase
forms a closed loop in a temperature-concentration diagram at a constant shear rate.
Comparison of the dynamic phase diagrams of
homologous systems suggests that the re-entrant
transition should be a rather general phenomenon although
either the upper or lower transition can be observed in the
most systems. Theoretical discussion reveals that the
re-entrant transition with temperature variation may be
dominated by temperature dependence of the deformation
energy of planar lamellae at rest.

From detailed measurements of rheo-SAXS near the
transition temperatures both for heating and cooling
processes, it has been suggested that the lamellar/onion TR |
intermediate structures exist not as transient but as steady 40 60 80
states determined by the temperature and the shear rate. temperature/ °C
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Figure 1. Schematic picture of the planner

lamellar phase (left) and the onion phase
(right).
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Figure 2. Temperature dependence of the
viscosity (c) and 2-D SAXS patterns
observed simultaneously for the radial (a)
and tangential (b) configurations for C1sE7

(48 wt%) /water system>).
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Figure 3. Temperature-shear rate diagram
for C16E7 (48 wt%) /water system (a) and
2-D SALS patterns (b). The panel (c) shows
calculated patterns for optically-anisotropic

spheres*9).
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Figure 4. Temperature-concentration
diagram for C14Es /water system at rest (a)
and at a constant shear rate of 3s' (b). Li,
Lo, and S indicate micellar, lamellar, and
solid (gel) phase, respectively. 2¢ indicate
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Figure 5. Temperature dependences of
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