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Double emulsion gels stabilized by surfactants and nanoparticles

JIANG Xiaogian', SUN Xiuping®, SONG Aixin"'"
(1. Key Laboratory of Colloid and Interface Chemistry, Ministry of Education, Shandong University, Jinan 250100, Shandong,
China; 2. Shandong Haihua Group Co., Ltd., Weifang 262737, Shandong, China)

Abstract: In order to obtain the stable emulsion structures to further improve the performance in encapsulation and transport for
active substances, a water-in-oil-in-water ( W,/O/W, ) type double emulsion was successfully constructed by a two-step
emulsification method, and the emulsion gel was obtained through a gelation process. The polyglycerol polyricinoleate (PGPR) and
silica nanoparticles modified with hexadecyl trimethyl ammonium bromide (CTAB) were respectively used as stabilizers for W,/O
and O/W, emulsions, andoctyl and decyl glycerate (ODO) was used as the oil phase. The effect of emulsifier dosage and oil-water
ratio on the emulsion type, droplet microstructure and emulsion stability were investigated to obtain the optimal conditions for
preparing stable W,/0 and O/W, emulsions. On this basis, the W,/O emulsion from single-step emulsification was used as the
dispersed phase with W, as the continuous phase for the preparation of stable water-in-oil-in-water (W,/O/W,) double emulsions.
The emulsion gels with excellent stability were obtained by introducing Gellan gum ( GG) into the outer water phase, with no
observed microstructural change after kept for 60 days at room temperature. In this study, the stable double emulsion gel system
formed by gelation of the external aqueous phasewere hopefully helpful for the applications in encapsulation and release of active
substances using emulsions as carriers.
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Fig.1 Emulsion formed by different oil-water ratios
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Fig.2 Effect of PGPR content on the droplet size of emulsions and the oil-water interfacial tension: (a) diameter of emulsion
droplet varied with the amount of PGPR; (b) oil / water interfacial tension at different PGPR contents



5510 9 TEMEA | 45 « SRS MR AN K BORLAS E 1O FL IR BRI 145

2.1.3 BEMILRRTHY
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K3 W,/0 FLRAEA AR T CE 30 min 5 SMRIOUIEST . (a) REAAMILEL; (b) BF 5 S0 iR
Fig.3 Appearance and microscopic morphology of W,/0O emulsion at different temperatures ( after 30 min) .
(a) sample appearance; (b) sample micrograph
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Fig.4 Dispersion of SiO, particles in water and contact angles of SiO, at different CTAB concentrations: (a) particle size
distribution of SiO, particles; (b) contact angle of SiO, modified in situ by CTAB
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Fig.5 Variation of interfacial tension and zeta potential of CTAB aqueous solution, CTAB-SiO, dispersion and oil phase with

CTAB concentration; (a) change curve of interfacial tension with CTAB concentration; (b) zeta potential versus CTAB
concentration
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Fig.6 Effect of water-oil ratio on stability of O/W, emulsions; (a) 2% SiO,+2 mmol/L CTAB;(b) 2% SiO,+3 mmol/L CTAB
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Fig.7 CLSM images of W,/0O/W, double emulsions: (a) excitation at wavelength of 488 nm; (b) excitation at wavelength
of 543 nm; (c¢) combination
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Fig.8 Microstructures of double emulsion gels with different mass fractions of gellan gum at different times
(red color is oil phase and black color is water phase)
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Fig.9 Rheological characterization of double emulsion gels: (a) stress scanning; (b) frequency sweep; (c) steady state shear
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