
The effects of membrane composition and morphology on the rotating
membrane emulsification technique for food grade emulsions

R.D. Hancocks n, F. Spyropoulos, I.T. Norton
School of Chemical Engineering, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK

a r t i c l e i n f o

Article history:
Received 2 April 2015
Received in revised form
1 September 2015
Accepted 15 September 2015
Available online 16 September 2015

Keywords:
Rotating membrane
Emulsification
Shear
Cross-flow
Morphology

a b s t r a c t

The effects of using different membrane materials and morphologies in the membrane emulsification
process were observed using similar operating parameters and system geometry, allowing a direct
comparison of not only the membranes themselves but also between both a stationary cross-flow
membrane emulsification device and a rotated membrane emulsification device. Each membrane type
tested had distinct characteristics, and the droplet sizes produced responded differently to changes in
operating conditions.

The rotating membrane produced similar droplet sizes to the cross flow membrane system, but at a
much lower shear rate. This suggests that the detachment of the droplets occurs sooner due to the
additional centrifugal force and system vibration. The Shirasu porous glass (SPG) membrane produced
the smallest droplet sizes (o1 mm from a 1 mm membrane), however the stainless steel membrane
produced the lowest droplet size to pore size ratio (�0.5:1) due to its cylindrical pore geometry as
opposed to the tortuous geometries of the other membranes used. The droplet sizes produced at dif-
ferent pressures are similar between rotated and cross-flow membrane emulsification, with increases in
pressure increasing droplet size and size distribution. The viscosity of the continuous phase has an effect
on the droplet size; increasing the viscosity decreases the droplet size by increasing the applied shear,
allowing fine tailoring of the size produced, with a more viscous continuous phase reducing the droplet
size from �4 mm to �1 mm with an increase in viscosity of 100 mPa s.

Rotating membrane emulsification has properties with potential to produce shear sensitive emulsion
microstructures with small droplet sizes. Emulsion microstructures such as duplex emulsions, core/shell
structures beads etc. can be used in the production of novel food structures.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

The manufacture of emulsions is an important part of many
processes across many industry sectors; however, the emulsifica-
tion process often still relies on traditional droplet break-up sys-
tems during which droplets are produced by repeatedly breaking
large droplets into smaller ones until the desired size range is
reached [1]. The last few decades have brought many advances in
producing droplets with very tightly controlled size distribution
spans, which find uses in high value products such as spacers for
liquid crystal displays [2] and packing beads for chromatography
columns [3]. These droplets are produced by more careful emul-
sification techniques, producing the droplets at the size that is
required rather than breaking them up from pre-existing larger
droplets [4,5]. One such technique is that of membrane

emulsification, and this has been explored with the aim of pro-
ducing near mono-disperse droplets [6,7].

Membrane emulsification does allow a degree of control over
the size distribution of the droplets produced, however there are
other made to measure droplet production techniques capable of
far better monodisperse droplet production, such as micro and
nanochannel devices [8,9], edge emulsification [10,11] and micro-
sieve emulsification [12]. The ability to control the microstructure
of the droplets is perhaps a more appealing possibility of this
technique, as well as minimising the amount of shear applied to
droplets as they form [13]. It also has the advantage of easier
scaling (whilst not without challenges) than the slower micro-
channel devices, which require complicated parallelisation to scale
production [8].

The idea of applying shear to break forming droplets from the
surface of the membrane has been previously explored, using both
a flow of continuous phase along the membrane surface [14–16]
and by rotating a tubular membrane [6,17] as well as vibrating/

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/memsci

Journal of Membrane Science

http://dx.doi.org/10.1016/j.memsci.2015.09.033
0376-7388/& 2015 Elsevier B.V. All rights reserved.

n Corresponding author.
E-mail address: R.D.Hancocks@bham.ac.uk (R.D. Hancocks).

Journal of Membrane Science 497 (2016) 29–35

www.elsevier.com/locate/memsci
http://dx.doi.org/10.1016/j.memsci.2015.09.033
http://dx.doi.org/10.1016/j.memsci.2015.09.033
http://dx.doi.org/10.1016/j.memsci.2015.09.033
http://crossmark.crossref.org/dialog/?doi=10.1016/j.memsci.2015.09.033&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.memsci.2015.09.033&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.memsci.2015.09.033&domain=pdf
mailto:R.D.Hancocks@bham.ac.uk
http://dx.doi.org/10.1016/j.memsci.2015.09.033


sonicated [18] membrane devices. The forces that result in the
eventual detachment of a droplet as it grows at a pore have been
identified as shear, pressure/inertia of the dispersed phase, inter-
facial tension, and buoyancy [19]. Since buoyancy is usually several
orders lower than the others it is usually disregarded [20]. The
interfacial tension is dependant on the emulsifier present, and the
initial interfacial tension between the two immiscible liquids
making up the two phases. The pressure of the dispersed phase
through a pore, and the resultant inertia is a factor of the trans-
membrane pressure applied. The shear force is provided by flow-
ing the continuous phase across the surface of the membrane, or
by rotating the membrane in a vessel of the continuous phase
[6,21].

The application of a perpendicular flowing (rather than static)
continuous phase was shown to reduce the droplet size [22] with
greater shear (faster flow) producing greater reduction in average
droplet size [23]. Changes to the pores size and morphology has
been varied and shown to have a great effect on the detachment of
droplets [24,25], with faster, more consistent detachment from
structured uniform pores (varying slightly with shape [26]) and
slower more uneven detachment from unstructured pores such as
porous glass membranes [22].

Vibration of the membrane was studied [18] and found to de-
tach droplets from pores sooner, producing smaller droplets, but
only at low vibrational frequencies o100 Hz. In this study, Zhu
and Barrow (2005) also suggest a detachment mechanism in
membranes of low pore separation due to steric hindrance be-
tween forming droplets, where droplets are ‘pushed’ from the
membrane surface by those beginning to form behind them.

Rotation of the membrane has been studied with metal
membranes and shown to enhance membrane detachment, with
large droplets produced at low shear rates [6] and very small
droplets produced in a high shear system [17]. Both of these stu-
dies used metal membranes, which were not studied in a com-
parison cross flow system.

The aim of this study was to investigate rotating membrane
emulsification with different membrane types and morphologies,
and to directly compare the same membrane size and type in the
two hydrodynamic configurations of the cross-flow and rotating
membrane techniques for the preparation of food grade
emulsions.

2. Experimental

2.1. Membrane emulsification systems

For this research two membrane emulsification systems were
used, both accepting the same diameter membrane tube, one
capable of rotating the membrane whilst dispersed phase is
pressurised through it from inside (Fig. 1), and the other capable of
allowing cross-flowing continuous phase to flow over the mem-
brane whilst dispersed phase is pressurised through from inside
(Fig. 2).

The membrane tubes used had an outside diameter of 10 mm,
and in the rotating system the vessel used to house the continuous
phase in which the membrane was rotated had a inside diameter
of 30 mm, giving a gap to the membrane of 10 mm.

2.2. Materials

Emulsions produced were made with commercial sunflower oil
(it was important that no special oil was used to give an accurate
representation of what would normally be used in food produc-
tion), and deionised filtered (milliQ reverse osmosis) water. Sev-
eral different emulsifiers were used (Tweens20 (polyoxyethylene

20 sorbitan monolaurate), Tweens80 (polyoxyethylene 80 sorbi-
tan monolaurate), SDS (Sodium Dodecyl Sulphate), Soya Lecithin
(phosphatidylcholine), sodium caseinate) and were all purchased
from Sigma Aldrich, UK.

2.3. Emulsion analysis

The resultant emulsion droplets were analysed using a Malvern
Mastersizer 2000 with an attached hydro 2000 small volume
sample dispersion unit. Droplet diameters are given in D[4,3] (vo-
lume weighted mean) and size distributions are given in % by
volume. Relative span is calculated by D0.9�D0.1/D0.5 where D is
the diameter in microns, below which the subscript proportion of

Fig. 1. The rotating membrane emulsification system employed a rotating fluid
coupling to allow pressurised fluid to flow into the shaft and on into the rotating
tubular membrane. The continuous phase was housed in a suitable vessel in which
the membrane was submerged.

Fig. 2. The cross-flow membrane emulsification system used in this study was
setup as shown. The membrane module houses the interchangeable membranes
such that they separate the dispersed and continuous phases, with the continuous
phase flowing along the outside of the membrane tube.
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