Zweitveroffentlichung/
Secondary Publication

Staats- und
Universitatsbibliothek
Bremen

https://media.suub.uni-bremen.de

Rafael Kenji Nishihora, Laura Luhede, Udo Fritsching, Mara Gabriela Novy Quadri, Dachamir Hotza, Kurosch
Rezwan, Michaela Wilhelm

Premix membrane emulsification using flat microfiltration inorganic
membranes with tailored structure and composition

Journal Article as: peer-reviewed accepted version (Postprint)

DOI of this document® (secondary publication): https://doi.org/10.26092/elib/2512
Publication date of this document: 10/11/2023

* for better findability or for reliable citation

Recommended Citation (primary publication/Version of Record) incl. DOI:

Rafael Kenji Nishihora, Laura Luhede, Udo Fritsching, Mara Gabriela Novy Quadri, Dachamir Hotza, Kurosch
Rezwan, Michaela Wilhelm, Premix membrane emulsification using flat microfiltration inorganic membranes with
tailored structure and compaosition, Journal of Membrane Science, Volume 608, 2020, 118124, ISSN 0376-7388,
https://doi.org/10.1016/j.memsci.2020.118124.

Please note that the version of this document may differ from the final published version (Version of Record/primary
publication) in terms of copy-editing, pagination, publication date and DOI. Please cite the version that you actually used.
Before citing, you are also advised to check the publisher's website for any subsequent corrections or retractions

(see also https://retractionwatch.com/).

Publisher Statement ausblenden Publisher Statement einblenden

This document is made available under a Creative Commons licence.

The license information is available online: https://creativecommaons.org/licenses/by-nc-nd/4.0/

Lizenzinformation ausblenden Lizenzinformation einblenden

Take down policy
If you believe that this document or any material on this site infringes copyright, please contact
publizieren@suub.uni-bremen.de with full details and we will remove access to the material.



Premix membrane emulsification using flat microfiltration inorganic
membranes with tailored structure and composition

Rafael Kenji Nishihora®", Laura Luhede ¢, Udo Fritsching ““, Mara Gabriela Novy Quadri ",
Dachamir Hotza ", Kurosch Rezwan *“, Michaela Wilhelm *~

2 University of Bremen, Advanced Ceramics, Am Biologischen Garten 2, IW3, D-28359, Bremen, Germany
b Department of Chemical Engineering and Food Engineering (EQA), Federal University of Santa Catarina (UFSC), 88040-900, Florianépolis, SC, Brazil
¢ Leibniz-Institute for Materials Engineering IWT, Department of Particles and Process Engineering, University of Bremen, Badgasteiner Str. 3, D-28359, Bremen,

Germany
4 MAPEX Center for Materials and Processes, University of Bremen, 28359, Bremen, Germany

ABSTRACT

Keywords:

Premix membrane emulsification
Ceramic membranes
Asymmetric structure

Symmetric structure
Oil-in-water emulsions

Uniform oil-in-water emulsions were prepared using MCT (medium-chain fatty acid triglyceride, 10 wt%) as the
oily dispersed phase and polysorbate 80 as the surfactant (1 wt%). The emulsification process was performed via
premix membrane emulsification (PME) using 3 flat microfiltration ceramic membranes with different mean pore
sizes (dp): borosilicate (symmetric, commercial, dp,: 1.39 pm); SiOC (symmetric, manufactured, dpy: 1.76 pm);
and mullite (asymmetric, manufactured, dy,: 1.18 pm). The droplets size and their distribution varied according
to the membrane type and number of permeation cycles (up to a limit of 2 passes). All prepared emulsions
presented a tendency to monomodal droplet distribution with span values in the range of 0.82-0.97. The coarse
emulsion (premix) droplets were reduced from 6.30 to 4.50-2.17 pm. The asymmetric membrane (mullite)
exhibited the highest permeation fluxes at constant relative pressure for both water (43.1 x 10> m®* m2s71)
and premix (Pass 1: 4.6 x 10~ m® m™2 s7%; Pass 2: 5.3 x 10> m® m™2 s71), still maintaining satisfactory

emulsification results.

1. Introduction

A simple emulsion system consists of a mixture of two immiscible
liquid phases. The major component of such a mixture is called the
continuous phase, and the minor one is the dispersed phase [1]. Emul-
sions play an important role in cosmetics, pharmaceuticals, paints, as
well as in chemicals, petrochemical, and food products [2,3]. Even
though there are plenty of techniques already established in the lab and
industrial scale to prepare emulsified systems, they still present some
technological issues. For instance, conventional emulsification devices,
such as colloid mills and dispersing machines consume low energy but
produce polydispersed emulsions. On the other hand, high-pressure
homogenizers generate monodispersed emulsions at the expense of
high-energy consumption [3-5]. To overcome the operational limita-
tions from the aforementioned devices, the technology of membrane
emulsification (ME) has been attracting great attention as a sustainable
and efficient alternative [6,7].

The primary features of membrane emulsification include: (i)

* Corresponding author.
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production of uniform droplets with a narrow size distribution, (ii) low
shear stress, (iii) low energy requirement, (iv) tailoring of droplet size by
the proper selection of the membrane, and (v) operational flexibility and
simplicity [8].

There are two main ME processes: direct or cross-flow, and premix
membrane emulsification (PME). In the direct membrane emulsification
(DME), an applied pressure forces the to-be-dispersed phase through the
porous structure of a membrane into the cross-flowing continuous
phase, which can contain stabilizers (e.g. surfactants) [9,10]. The PME
method starts already with a coarse emulsion, which is pushed through a
membrane to produce a finer emulsion [11]. The PME process main
advantages are the droplet uniformity at higher fluxes (>2.78 x 10~*
m® m~2 s71), smaller mean droplet sizes, simpler experimental set-up,
and easier process control [12]. One of the major disadvantages in
PME is the polydispersity compared to DME, which normally can be
overcome by increasing the number of cycles or passes through the
membrane [13]. However, the membrane characteristics is noteworthy
the primary key component in these processes.
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Table 1
Main characteristics of the applied inorganic membranes.

Membrane Awverage Thickneas Composition Reference
pore zize ()
()
Parl (Support) 40-100 1000 Borogilicate Glass [13,15]
Par4 (Premix 10-16 3500 (mymmetric [18,15]
prosduction) struchure)
Pars 1-1.6 1000 [13,15]
510G 1.76 1000 Silicon OxyCarbide [21]
{eymmetric
strscture])
Mullite Lz 6117 Minllite [20]
{asymmetric
strscture])

The Por"x™ membranes are commercially available products.
* Value related to the top layer of the asymmetric Mullite membrane.

Several parameters are imvolved in PME process; however, the
literature emphasizes especially the transmembrane pressure, disperse
phase fraction, stabilizers, continuous phase viscosity, number of ho-
mogemizing cycles, and membrane properties [11]. Among membranes
properties, the pore size (and distribution), porosity, interconnectivity,
surface properties, and material class (polymenc, metallie, or ceramic)
should be highlighted [6]. There 1z an increasing mterest in applying
and polyvmeric membranes. Thiz 1z mainly due to the chemical and
structural etability intrinsie to ceramic materiale [14]. Most of the efforts
regarding the use of ceramic membranes in ME processes involve the
so-called Shirasu Porous Glass (SPG) membranes, due to their narrow
pore size range [15,16].

Therefore, this work aime to address the lack of research studies on
the application of a larger vanety of Inorganic membranes in the ME
procesz. With thiz in mind, we present a systematic investization eval-
uating the feasibility of producing cil-in-water emulsions by PME, using
process parameters on the mean droplet size, size distnbution, and
permeation flux are evaluated and compared to the main studies con-
cerning PME of oll-in-water emulsions using glase and ceramic mem-
branes in a dead-end configuration.

2. Experimental
2.1. Chemical: and membranes

The emulsions were prepared based on previous work from the group
[17] with a medium-chain triglyeerides oil (MCT, vizcosity = 290 mPa =
at 200 =~ ! and 20°C, density = 952 kg m >, refractive index = 1.450) az
dizpersed phase. A non-ionic surfactant was added to the continuous
aqueous phase (polysorbate 80, Tween® 80, Sigma-Aldrich). Concern-
acteriztics are summarized in Table 1. In order to prepare a stable
premix, a commercially available sintered-glass membrane was used
(Por4, Robu Glasfilter-Gerate) with pore size of 10-16 pm, according to
150 479380 (Fiz.51) [18,1 9]. For the premax emulsification tests, three
flat ceramic membranes with 10 mm of diameter and ~1.0 mm of
thickness were studied. However, the effective selective layer (top/-
slan-layer) of the asymmetric mullite membranes has a thickness of 6.11
pm [20]. The commercially available membranes (For2, Por4, and Por3,
Robu Glasfilter-Gerate) consist of a symmetrie structure made of zin-
tered non-spherical fragmented borosilicate glass (80.6% 5104, 12.6%
B0+, 4.2% Nag0, 2.2% AloOs, 0.20% others, by weight). According to
the supplier, Por5 presente a pore size in the range of 1-1.6 pm (150
4793-80) [15,19]. The other two membranes, the symmetrie S10C and
the asymmetric mullite have been prepared, further desernibed and
characterized in previous studies [20,21], in which they are referred to
ag “5106.5-A30-1000" and “Diac-1200-1650", respectively. The support
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Flg. 1. Schematic representation of the premix membrane emulsification setup
(adapted from Ref. [207)

structure (Por2, Robus Glasfilter-Gerate, as indicated in Fiz. 1) presents
a coarse pore size distnibution (40-100 pm, 130 4793-80; Fiz.21) [19]
and has the same composition as Por4d and Por5. Preliminary tests
showed that the support (Por2) has no influenee on the permeation and
emuleification experiments (see Fig. 52).

2.2, Premix preparation

The premix was prepared by mixing 1 wit% polysorbate 80 in 89 wi%
bidiztilled water for 2 min in a magnetic stirrer (200 rpm, ~25 "C). Then,
10 wi3h MCT o1l was added and dispersed by a rotor-stator device (IKAs
T18& bazic Ultraturrax), applying a constant rotation speed of 3600
min~! for 30 = Subeequently, the obtained mixture was passed once
through the Por4 glass membrane at 6 bar uzsing the setup displayed in
Fig. 1 to produce a less unstable coarse premix.

2.3. Membrane permeation flix and premix emulsification tests

For the water permeation and premix emulzification experiments, a
testing flow-through-membrane dise deviee was used as schematically
shown in Fig. 1. The silicone ring for fixing the membrane displayed in
Fiz. | was prepared using a commercial silicone elastomer (Syvlgard®
184, Dow Corning), which successfully provided the side sealing of the
membrane. Due to mechanical and flux constrainte: obeerved during
experimental tests, all the experiments comparing the three membranes
were performed at a fixed pressure of 5 bar. The permeation flux was
caleulated according to the following equation:

1 4V
I M
wh:mdistb:mmhrmpﬂm.:aﬁmﬂux[mgm 2g '}I;Aisth:&ﬁ:cﬁw
hmmmaufﬂ::mbm{mz};d’!md dt represent the variation
in permeated volume (m®) and time (&), respectively.

For the emulsification tests, the collected permeated premix was
foreed through the membranes for two times (without cleaning in be-
tween), after which no further changes on droplet size could be observed

for our system.
2.4 Membrane and emulsion characterigation

The morphology of the membranes was analyzed by scanning
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Flg. 2. Cross-zection and top surface SEM images of the symmetric membranes (a,d) Pors and (b,e) 5i0C (the image prezented in *b™ was adapted from Ref. [21]),

and the asymmetric mullite membrane (c,f).

electron microscopy (SEM, 20 kV, Series 2, Obducat CamSean). For this
purpose, the samples were sputtered with gold (K550 Emitech Judges
Scientific). Porosity and pore size distnibution of the membranes were
determined using mercury intrusion porosimetry (Pascal 1407440,
Porotec). Due to the asymmetric morphology of the mullite membrane,
the SEM surface micrograph of the top layer was examined by image
analyzie (ImageJ software). Hydrophobicity and hydrophilicity were
investigated by measuring water and n-heptane vapor adsorption based
on the method deseribed in previous works from the group [21,22].

The droplet size and distribution of the emulsions and premix were
measured by a laser particle size analyzer (Horiba LA-260). The
continuous phase was distilled water with a refractive index of 1.333.
The droplet size distributions are charactenized by the mean droplet size
expreseed in terms of the median diameter (dsg 3) and the width of the
distribution iz given by the span value defined as:

do 3 —
span — 2202 @
0.3

where d, 15 the diameter corresponding to x value on a relative cumu-
lative droplet size distribution curve. All measurements were done iIn
triplicate; the values reported are the average of three measurements.

3. Resultz and discussion
3.1. Membrane characteriztics

The morphology of the cross-section and top surface of the ceramic
membranes are depicted in Fiz. 2. The commercial membrane PorS
exhibitz a homogenesous inner microstructure (Fiz. Za) with irregular
pore chapes due to the non-spherical fragmented borosilicate glass
(Fiz. 2d) that composes its structure. The S10C membrane seems to
present an uniform distribution of irregular rounded pores accompanied
by some cracks in the cross-section (Fiz. 2b). On the other hand, the top
surface displaye irregular pores mostly in a erack-like shape (Fig. 2¢),

probably as a result of the gas release during pyrolveiz [23]. The
asymmetric mullite membrane (see Fiz. 2c) consists of a top-layer with a
thickness around 6 pm followed by a support layer that iz composed of a
small portion of a finger-like structure (highlighted in hight blue) and
majorly a sponge-like layver. The top surface (Fiz. 2f) chows regions with
more homogeneous pore distributions in which a mix of spherical and
irregular shapes 1s present. Mevertheless, a few large pores are also
obeerved, mostly with rregular pore shapes.

Fiz. 3a displays the pore diameter distnbution (pm) and open
porosity (%) of the studied membranes. All analyzed samples show a
pore diameter on the microfiltration range (0.1-5 pm). The Hg-intrusion
analysiz of the symmetric membranes reveals a similar mean pore size
(de), in which PorS exhibits the emallest value of 1.39 pm while 510C
has 1.76 pm_ Despite the mentioned similanty, Por5 presents the nar-
rowest distribution and more than the double of open porosity (77.583%)
when compared to the S10C membrane (36.45%). The mullite asym-
metric membrane presents the highest mean pore size (3.06 pm), the
widest distribution, and a considerable open porosity (68.27%). These
results reflect the great varation in the pore structure visnalized in the
support layer of the mullite membrane (Fiz. 2c). Mevertheless, when
analyzing the top surface (skin-layer) of thiz asymmetric membrane
(Fig. 3b), the pore size range (1.2 £ 0.8 im) is comparable to the main
peaks exhibited by the other two membranes.

The surface characteristice (hydrophibicity-hydrophobicity) of the
membranes were aceessed by the vapor adserption of a non-polar (n-
heptane) and a polar (water) solvent (Fiz. 4). Dezpite the differences in
the magnitude of water and n-heptane uptake (mmol m 2},all]:m:cl:n—
branes are hydrophilic (ratio == 1). The hydrophilic natoure 12 mherent to
the coide ceramic mateniale [24]. Unexpectedly, the 510C membranes
present the most elevated water by n-heptane ratio (5.84) among the
tested membranes (PorS = 4.37; mullite = 1.60). Notwithstanding the
presence of carbon and S5iC domaine in their structure, the hydrophilicity
iz presumed to be due to the hydrophilic amorphous S105-rich nano-
domains that are accessed by the water vapor molecules [25,26].
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Fig. 3. (a) Pore zize distribution versuz relative pore volume (bars) and open
porosity curves (lines) measured by Hg-porosimetry (the data referred to 5i0C
and mullite were adapted from Ref [20,21], respectively). (b) Pore size dis-
tribution of the skin-layer of the mullite asymmetric membrane obtained from
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Fig. 4. Surface hydrophilicicy-hydrophobicity measured by water and n-hep-
tane vapor adsorption analysiz of the membranes at 25 °C (the data corre-
spondent to 5i0C sample was extracted from Ref. [21])

The water permeation flux through the membranes at a fixed
tranemembrane pressure of 5 bar iz depicted in Fiz. 5. Az one may
expect, due to the smaller membrane thickness (6.11 pm) the asym-
metric membrane (mullite) shows the most expressive water permeation
performance (43 = 10 Legx10'm* m?s '}.'[‘h.ca.n'jlmm.etri:
morphology minimizes the hydraulic resistance, hence resulting in
higher flux against symmetric structures [27]. Concerning the sym-
metric membranes, the S10C (7 = 10 31 w10 ' m m e 1}prca::1:|ts
almoet two times the performance of Por5 (3.8 x 10°7% 0.3 » 10 7 m?
me 1}.Th:ﬂ:valu:scmnbnmt:thattb:p{m:dimh:r,pmtm
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Flg. 5. Water permeation flux of the membranes at a constant prezsure of 5 bar
and at 25 °C (the data correzpondent to PorS and Mullite were extracted
from Ref. [207)
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Flg. 6. (a) Droplet size distribution obtained from premix emulzification of oil-
in-water emulsion (Premix = 10 wit¥ MCT + 1 wit% polysorbate 80) at 5 bar for
the shudied inorganic membranes (valuez above the curves indicate the mean
droplet zsize given by the median diameter in pm — dsqz). (b) Span values and
characteristics zizes in terms of dyg,3, dso,3 and dgo s aceording to the membrane
amd number of pazzes at 5 bar.

parameters that affect the water flow through the membrane. However,
the open porosity in the symmetric membranes appears to have no major
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effect on the permeation properties. The higher hydrophilic behavior of
S10C (rattio = 5.84) compared to PorS (rabo = 4.37) may have a
contribution to its shight superior water flux. Nonetheless, it 1z not
poszible to clearly quantify itz effect on the water permeation flux.

3.2, Premix emulsification using different ceramic membranes

Fig. 6a chowe the droplet size distnbution curves and the cumulative
curves of the prepared premix and the fine emulsions after one and two
passes through the ceramic membranes at 5 bar. The mean droplet sizes
(in terms of the median diameter dgg 5) are alzo given as indicated by the
numbers above the curves. The fluctuation mn the characteristic sizes
(dy0,3, ds0,3, dag,3) and span values based on each sample and pass are
dizplayed in Fiz. 6b. All the studied ceramic membranes display a ten-
dency to generate a monomodal distribution (span < 1.0). Por5 seems to
be insensitive to the number of passes, producing similar cutputs in
terms of dgp 3 and span values after Pass-1 (2.17 pm; 0.82) and Pass-2
(2.26 pm; 0.82). 510C and mullite membranes demonstrate a major
advantage in terms of practical application over the commercial PorS
conceming talloring of the droplet size. Both membranes show an ex-
pected tendeney of droplet size reduction due to the number of passes.
The mean droplet sizes obtained from Si0C membrane varied from 4.5
pm (Pass 1) to 3.5 pm (Pass 2), with span values around 0.9. Mullite
membrane produced dgg 3—span values in the range of 3.1 pm-0.9 (Pass
1) and 2.3 pm—0.9 (Pass 2). The results from the mullite membrane after
Pasz 2 arce comparable to the ones from Por5. Generally, in premix
membrane emulsification, thicker membranes generate more uniform
emulsions due to multiple break-up points inside the membrane [11].
Mevertheless, in our work, the asymmetrie structure produces a mono-
modal tendeney analogous to the studied syvmmetric commereial mem-
brane (Por5).

Comparatively, a study reported the preparation of stable cil-in-
water emulzsions (10 vol% sunflower oil fraction, and 2 wi poly-
gsorbate 20) using flat commercial mitrocellulose mixed ester (MCE)
membranes (0.8 pm pore mze) [5]. Although the authors show a
reduction of the mean droplet diameter (dsz) from ~5 pim (premix] up to
~2 um after one pass at 5 bar (Aux ~6.9 x 10 m*m s 1},ﬂ:|:3:izx:
distnbution exhibited two main peaks at 1 and 10 pm. A monomodal
tendency was obtained only after the third pass (fux ~9.2 % 10”7 m?
m g '}Whﬂttb:m:mdznpl:tsim:wasmund 1.24 jpm with a span
value of 0.82. Despite some similanties with our work, there iz a
fundamental point that differentiates our membrane from this
mentioned study, which is the structural stability inherent from ceramie
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Fig. 8. (a) Droplet size distribution density (pm™") and span values obtained
from the premix membrane emulzification experiment of oil-in-water emulsion
(MCT 10 wi¥s) at different pressures (2, 3, and 4 bar) and 2 paszes through the
mullite azymmetric membrane (the values above the curves represent the dso ).
{b) Premix permeation flux (m* m~2 5~ ') a3 a function of the applied pressure
and number of pazzes for the mullite membrane.

materials. Sinee the mentioned work deals with crganic microfiltration
membranes, changes in the membrane surface structure and thickness
were observed, which ean drastically reduee reproducibility, efficiency,
and lifespan.

The relationship between mean droplet size and permeation flux at 5
bar according to the number of passes is given in Fig. 7. Although mullite
and Por5 membranes have similar emulsification performanee regarding
droplet size and span values; Fiz. 7 reveals that mullite 15 much more
guitable for upecaling given their permeation fluxes (4.6 = 107 - 5.3 =
10 *m* m?e ', Pase-] and Pass-2, respectively). The symmetric
membranes show inferior premix permeation fluxes, falling in a range
below 1 % 10 " m m ™2 & 1.Anﬂﬂzﬂiub:rcxﬁngubwvaﬁmcmm
the lower Aux dunng the second pass (Pass-2) for the symmetric mem-
branes, suggesting problems related to fouling. Even though the S10C
membrans dizplays a reduction mn flux, 1t aleo results in a steep decrease
in mean droplet size. Conversely, PorS results suggest that thiz mem-
brane 15 already operating in a threshold zone, in which there iz a minor
drop in flux and mean droplet size. However, the asymmetric mullite
membrane displaye a reduction in droplet size from Pass 1 to Pass 2
accompanied by an increment in the premix permeation flux. Sinece the
primary droplet disruption and size reduction oecur during the first pass,
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an intensification in flux may be expected in the second pass [11]. This
behavior might be true for the asymmetric membrane due to its lower
susceptibility to fouling as compared to the other membranes.

3.3. Premix emulsification using mullite membrane at lower pressures

Considering its premix permeation flux and the resultant droplet
size, the mullite membrane was further studied under lower trans-
membrane pressures (2-4 bar). Generally, asymmetric membranes tend
to outperform when compared to symmetric structures since there is
less hindrance in the permeation flux owing to the reduced selective
layer thickness. In asymmetric membranes, structural as well as
transport properties vary over the cross section of the membrane and
its perme-ation characteristics are determined by the nature of the
material or the size of pores in the skin layer [28]. Fig. 8a and Fig. 8b
portray, respec-tively, the droplet diameter distribution (pm) and the
premix perme-ation flux (m® m~ 2 s~ !) of the prepared emulsions as a
function of the number of passes and the applied pressure. From Fig.
8a, it is possible to observe that the droplet diameter is inversely
proportional to the applied pressure and number of passes.
Nevertheless, the reduction of the droplet size does not appear to
follow a linear relationship. For instance, taking into consideration
the Pass 1, the premix was reduced from 6.21 pm to 3.97 pm (2 bar),
3.24 pym (3 bar), and 3.29 pm (4 bar). Moreover, the span values of the
produced emulsions are quite similar; however, it seems to have a
trend of slight broadening of the size dis-tribution after the second pass
through the membrane (span: Pass 1 < Pass 2). This increment in span
after the second pass is most probably a result of the combination of
break-up and coalescence that ultimately increase slightly the size
distribution as the number of passes progress [7]. With respect to the
premix permeation flux (Fig. 8b), an increment with the
transmembrane pressure is observed. Nonetheless, as one may expect,
compared to pure water flux, there is a clear decrease in the premix
flux due to the presence of a viscous dispersed component (oil phase)
[29,30]. In addition, as observed in Fig. 7 at 5 bar, during Pass 2 the
permeation flux presented a substantial increase at 2 and 4 bar. Even
though, at 3 bar the mean flux value of Pass 2 (2.0 x 10~ 3+0.4x10 3
m®m~ ?
m~ 25~ 1), the superior limit of the error bar in Pass 2 overpasses the one
in Pass 1. A reduction in droplet size with multiple passings has been
reported in Refs. [11]. The observed reduction in droplet size due to the
applied pressure (Fig. 8a) can be described as an effect of the direct
relationship between pressure and permeating flux (as stated in Darcy’s
law) [31].

Table 2 summarizes the main parameters and outcomes concerning
the premix emulsification process in a dead-end configuration using
ceramic membranes. The results of our work are compared to the main
studies from the literature. It is noteworthy that our membranes are
quite competitive, particularly the asymmetric mullite membrane due to
its flux performance. For instance, the flat mullite membrane from this
work presents characteristics similar to the work described by Jing et al.
[33]. Nevertheless, the flux output from the asymmetric mullite mem-

brane at Pass-2 (1.2 x10~ 3 m®m™~ 25~ 1) is 10 times higher (1.26 x 10~ 4

m®m~ 25~ 1) at the same applied pressure (2 bar) [33]. Moreover, most

of the studies presented in Table 2 are related to tubular membranes,
which are still the most usual in the current market of inorganic mem-
branes. This fact is probably related to the more uniform pressure dis-
tribution in cylindrical shapes when compared to flat ones, which may
reduce breakage due to differential stress spots in the structure. In
addition, the works presented in Table 2 are all related to inorganic
membranes with symmetric structures.

4. Conclusions

The preparation of a stable oil-in-water emulsion is investigated by
using the PME process with three distinct microfiltration inorganic
membranes. The effect of the number of passes on the mean droplet size

s” Dis marginally inferior to Pass 1 (2.2 x 10~ 5£0.1x10" *m

and the dispersity (span) is demonstrated. All membranes produced a
mono-modal droplet size distributions (span < 1). The commercial
symmetric Por5 is the only membrane insensitive to the number of
passes. The symmetric SiOC and the asymmetric mullite membranes
exhibit a decrease in droplet size after a second pass through the
membrane. The droplet size and the span values obtained for the man-
ufactured mullite membrane is comparable to the commercial Por5.
However, the asymmetric structure of the mullite membrane shows a
superior flux performance against to the symmetric membranes.
Therefore, the results obtained in this work corroborate the potential
application of ceramic membranes in the ME process, particularly the
one with asymmetric structure.
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