
Colloids and Surfaces A: Physicochem. Eng. Aspects 413 (2012) 239– 247

Contents lists available at SciVerse ScienceDirect

Colloids  and  Surfaces  A:  Physicochemical  and
Engineering  Aspects

jo ur nal homep a ge: www.elsev ier .com/ locate /co lsur fa

The  role  of  emulsifier  in  stabilization  of  emulsions  containing  colloidal  alumina
particles

V.  Dutschka,∗,  J.  Chenb,  G.  Petzoldb,  R.  Vogelb,  D.  Claussec,  F.  Raverad,  L.  Liggierid

a Engineering of Fibrous Smart Materials (EFSM), Faculty of Engineering Technology, University of Twente, De Horst 2, 7522 LW Enschede, The Netherlands
b Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Strasse 6, 01069 Dresden, Germany
c Départment Génie Chimique, Génie des procédés industriels, Université de Technologie, Compiègne, France
d CNR-Institute for Energetics and Interphases, Genoa, Italy

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 31 October 2011
Received in revised form 13 January 2012
Accepted 17 January 2012
Available online 24 January 2012

Keywords:
Particle-stabilized emulsions
Non-ionic emulsifier
Rheological behaviour
Thixotropy

a  b  s  t  r  a  c  t

This  paper  focuses  on the  study  on rheological  behaviour  of emulsions,  stabilized  by  both  differently
modified  dispersible  colloidal  Boehmite  alumina  nanoparticles  and  a  non-ionic  emulsifier.  Hysteresis
loop  measurements  and  dynamic  rheological  measurements  were  carried  out  in linear  and  non-linear
regimes  on  two  different  emulsion  systems  – water-in-oil  (W/O)  and  oil-in-water  (O/W)  emulsions.

Emulsion  stabilized  by a  combination  of  moderately  hydrophobic  particles  and  a non-ionic  emulsifier
is  an  O/W  emulsion.  The  addition  of  emulsifier  improved  the  stability,  however,  did  not  show  a  signif-
icant  influence  on the  emulsion  flow  behaviour.  The  emulsion,  stabilized  by  both  –  nanoparticles  and
emulsifier  – showed  a complicated  behaviour,  i.e.  sometimes  it  exhibited  thixotropy  or  antithixotropy
and  sometimes  both  of them.

Emulsion  stabilized  by rather  hydrophobic  particles  and  a non-polar  emulsifier  is  a  W/O  emulsion.  The
emulsion  is  very  homogenous  and  exhibited  very  weak  thixotropy.  Dynamic  measurements  showed  that
G’ was  almost  equal  to  G”  and  both  parameters  were  frequency-dependent,  indicating  a  viscous  liquid-
like  system  with  little  network  structure  if any.  With  addition  of  emulsifier,  the  rather  elastic  solid-like
emulsion  structure  may  be changed  into  the  viscous  liquid-like  structure.

In  order  to  get  a better  understanding  of  relationships  between  rheological  behaviour  and  microstruc-
ture,  differential  scanning  calorimetry  (DSC)  results  and  optical  microscopic  images  of the  emulsions
studied  were  discussed.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Many soft materials of immense commercial importance, such
as tooth pastes, concentrated emulsions and suspensions, colloidal
gels, industrials slurries, pharmaceutical and cosmetic creams and
a variety of soft food items, i.e., mayonnaise, demonstrate a time-
dependent evolution of visco-elastic properties strongly affected
by a deformation field [1].  This behaviour is termed as thixotropy
[2,3] and is associated with build-up of a structure in these complex
fluids under quiescent conditions and break-up of the structure
under a deformation field. In antithixotropy, the descending curve
rheograms are positioned above the ascending curve rheograms.
According to Ghannam [4],  when a shear stress is applied to an
emulsion, the flow started, viscosity decreased, and the rate of
aggregates dissociation increased while shear rate increased. On
the other hand, because of the effect of the thermal agitation and

∗ Corresponding author. Tel.: +31 53 489 2243; fax: +31 53 489 3849.
E-mail address: v.dutschk@utwente.nl (V. Dutschk).

shear induced, the rate of the aggregates association is increased,
which increases the emulsion viscosity. The antithixotropy indi-
cates that shearing can promote temporary aggregation rather than
breakdown due to the collision of the solid particles and droplets
[3].

Particle-stabilized emulsions exhibit highly variable rheologi-
cal behaviour useful in a wide range of technological applications.
Currently, there is a lot of interest in using thixotropy to con-
trol spreading, film formation, coating of emulsions containing
active ingredients [5]. In our previous study [6],  rheological
behaviour of two different water–oil emulsion systems stabilized
solely by modified colloidal alumina at different storage time
was investigated. Pickering emulsions stabilized by moderately
hydrophobic particles (oil-in-water emulsion) exhibited an inho-
mogeneous structure, relative large yield stresses and thixotropic
flow behaviour, indicating a formation of a three-dimensional net-
work. Emulsion stabilized by rather hydrophobic particles with
a water contact angle around 90◦ (oil-in-water-in-oil multiple
emulsion) was homogenous and showed thixotropy indicated
the presence of a three-dimensional network. However, a phase
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