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Abstract. The Research on emulsions is driven by their wjgteading use in different industries, such as food
cosmetic, pharmaceutical and oil recovery. Emulsioare stabilized by suitable surfactants (electatst
stabilization), polymers, solid particles (steri@lsilization) or a combination of them. A microflic emulsification is
the process of droplet formation out of two or mdiguids under strictly controlled conditions, witht pre-
emulsification step. Microfluidic technology offeas powerful tool for investigating the propertie§ emulsions
themselves. In this work stable O/W emulsions ¥egreed with hydrophilic Laponite RD® nanoparticiedsorbed at
the interface of the oil phase and water in a Tcjion microfluidic chip. In some conditions, emats were stable up
to 40 days.
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1. INTRODUCTION

Emulsions are metastable dispersions of liquid kétsgn another immiscible one in the presenceudfase-active
species. They have been the subject of considefabl#gamental and applied investigations.(Bibettald€ron, &
Poulin, 1999) Research on emulsions is driven [@irtiwvide-spreading use in different industries, lsas food,
cosmetic, pharmaceutical and oil recovery.(Sjobl2691)

Emulsions are stabilized by suitable surfactansc{mstatic stabilization) (Sjoblom, 2012), polymesolid particles
(steric stabilization)(Napper & Netschey, 1971)aocombination of them. There are several advantagesing solid
particles as stabilizers; (i) the concentration cohventional emulsifying agents can be reduced larhrdous
surfactants may be replaced by less harmful mdderiis of great importance particularly in tcesmetic and
pharmaceutical fields.(Arditty, Whitby, Binks, Schin& Leal-Calderon, 2003) (ii)Higher stability isbtained against
changing chemical parameters such as pH, salt otatien, temperature and oil composition, (AbeBdnnke,
Gutschner, & Lagaly, 1998) (iii) Emulsion viscosity flow type can be adjusted to required practigadlication just
by modifying solid particles concentration or tyfig) Emulsion type (O/W or W/O) is ruled by solicapicle
hydrophobicity. (Abend et al., 1998)

Particles adsorb strongly to liquid-liquid interéscand the energy of attachment depends on thaatartglef, which
solid particles make with the oil-water interfadédwus, if6 (measured through the water phase) is <90°, {estere
hydrophilic and stabilize O/W emulsions, wherea8 ¥ 90°, particles are hydrophobic and stabilize VétBulsions.
(Binks & Lumsdon, 2000) The strength with whichaxtjzle is held at an oil-water interface is retatet only tod but
also to interfacial tension.(Binks & Lumsdon, 2000)other words, the continuous phase of the prefeemulsion is
normally the one in which the particles are prefgedly dispersed.(Arditty et al., 2003; Leal-Calde & Schmitt,
2008) Both O/W and W/O emulsions are maximally Istab coalescence when particles are partiallyatddt by both
water and oil phases. (Arditty et al., 2003; Ash#\Binks, 2000; Leal-Calderon & Schmitt, 2008) Hoxee, the
characteristic particle size and the interactiossvbeen particles are equally important in emulsitabilization. It has
been reported that the characteristic particle si@st be considerably smaller than the size oéthalsion droplets and
weakly flocculated dispersions are more efficiemtstabilizing emulsions. (Arditty et al., 2003; L&2alderon &
Schmitt, 2008)

Emulsion type varies also with the type of the(piblar or non-polar) and the composition of theemys phase (with
respect to pH).(Ashby & Binks, 2000) More polarsqgireferentially give water-in-oil emulsions.(Bin&sClint, 2002)
Also, the oil/water volume ratio also plays an intpat role in determining the emulsion type. Foy particle type, it
has been reported that the stability to sedimeantatif W/O emulsions or to creaming of O/W emulsiamsreases
toward inversion, induced by changes in water vadraction.(Binks & Lumsdon, 2000)
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Conventional emulsification methods are based passing a pre-emulsion with large drops througlgh Bhear
region in such a way as to promote turbulence andéwitation and thereby to disrupt large drop® ismaller
ones.(Vladisavljevi, Kobayashi, & Nakajima, 2012) Due to exposurehaf drops to a variable shear and pressure
field, the resulting is highly polydisperse. A mufluidic emulsification is the process of dropletmation out of two
or more liquids under strictly controlled conditggrwithout pre-emulsification step.(Maan, Nazir,akh Boom, &
Schroén, 2015; Vladisavljaviet al., 2012) It has the potential to be an imgarstrategy for fabricating colloidosomes
for the controlled delivery of active ingredientdrigs, vaccines, hormones).(Priest, Reid, & Whit@911)
Microfluidic junctions and flow focusing devicesrcgenerate single, double, triple and multiple esionl droplets in a
single step.(Vladisavljevi et al., 2012) While bulk emulsification methodsfeof limited insights, microfluidic
emulsification provides a unique platform to unaowee early stages of emulsion formati@riest et al., 2011)
Moreover microfluidic technology offers a powerfubol for investigating the properties of emulsions
themselves.(Bremond & Bibette, 2012; Woodward, @msg, Espidel, Jenkins, & Shaw, 2007). In this wetable
O/W emulsions were formed with hydrophilic LaponR®® nanoparticles adsorbed at the interface ofoih@hase
and water in T junction chip. Salt (NaCl or CgGkas added to flocculate the Laponite particles laence to increase
the emulsion stability.(Ashby & Binks, 2000)

2. MATERIALSAND METHODS

Laponite RD® suspensions were prepared by disgeisiaponite in deionized water (0.16 puS/cm at®5using
using a IKA WERKE Ultra-Turrax® T25 basic homogemigrotor-stator) with an 1.8 cm head operating7ab00 rpm
for 30 min while cooling sample in an ice/watertbdtaponite-salt suspensions were prepared by disgesalt to
Laponite RD® dispersions using an ultrasonic bdthKHz for at least 40 min). All dispersions wéransferred into
stoppered glass vessels and were kept refrigepaimdto use.

The oil was Drakeol7®. In case of bioreagent grésigma-Aldrich), its viscosity is 14.2-17.2 cSt4Q2°C and its
density is 0.84 g mi. In order to simulate the real conditions, heve,used the industrial oil grade. To remove polar
and amphiphilic impurities from the oil phase, iasvwwashed several times with excess of deionizedrwdecanted
and centrifuged.

The experimental set-up is shown schematicalligurel.
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Figure 1. Experimental setup

The setup composed of two streams of Laponite dsgmewith or without salt and purified oil simutiously
delivered by an HPLC pump (Waters) and a syringepyNE-1000,New Era Pump Systems, Inc.,NY, USAnto
droplet T junction chip (Dolomite ®, Syrris do Bilastda, Sao Paulo, Brasil) . The channel crosgiseds 10Qum x
300um and the channel cross-section at junction iuh®8 10%um. It typically forms droplets of around 20 — 150um
in diameter. The emulsion was collected in cylisd@nade out of polyacryl amide) with the inner déen of 1.0 cm.
They were kept at room temperature in a verticaditpm and were observed for emulsion coalesceite
experiments were carried out at room temperature.
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3. RESULTSAND DISCUSSION

In this work stable O/W emulsions were formed witidrophilic Laponite RD® nanoparticles adsorbedhat
interface of Drakeol 7 ® as the oil phase and water Dolomite ® droplet T junction chip. Salt (Nla@ CaC}) was
added to flocculate the Laponite particles and beacincrease the emulsion stability.(Ashby & BinR®00) The
presence of particles did not influence drop foramtlynamics and thus the size of the drops gesgtraDifferent flow
rates and different Laponite concentrations weraméred to determine their effect on the stabilifytlee formed
emulsions. The summary of experiments and theiefhbmesults are presented in Tab. 1. The Laponit sailt
concentrations were taken from(Ashby & Binks, 2000)

Table 1. Summary of the conducted experiments laadtief results. In all cases, aqueous phase dl@is 0.150 ml
min™* respectively.

Oil phase fllowrate (ml Aqueous phase Emulsion stability (during emulsiogppration)
h(;.S) Laponite 0.5 wt% Creaming observed during emulgi@paration
0.5 Laponite 1.0 wt% and NaCl| Creaming was observed during one hour after emuls|o
0.1M preparation
0.5 Laponite 1.5 wt% and NaC| No visible phase separation and coalescence waswvaos
0.5 Laponite 19.51V|\\i|t% and CaCl| No visible phase separation and coalescence waswvaos
0.5 Laponite 19.51V|\\i|t% and CaCl| No visible phase separation and coalescence wasvaos
15 Laponite 550?/\?:'% and NaC| No visible phase separation and coalescence waswas
15 Laponite 19.51V|\\i|t% and CaCl| No visible phase separation and coalescence waswvaos
15 Laponite 1951vh\:|t% and CaCl| No visible phase separation and coalescence waswaus
3.5 Laponite fg?/\ll\t/l% and NaC| No visible phase separation and coalescence waswas
3.5 Laponite 1951vh\:|t% and CaCl| No visible phase separation and coalescence waswaus
3.5 Laponite 1951vh\:|t% and CaCl| No visible phase separation and coalescence waswaus
0.05M

Stable emulsions were obtained at Laponite conatoitr of 1.5% and salt concentrations of 0.1 abd. In
all cases droplets were typically formed with anager between 80 - 220 um. For relatively stablelsion (Laponite
1.0 wt% and NaCl 0.1M) and despite coalescenceitiimct droplets are observed even after 32 days.

A sample of each emulsion was observed under tleeostiope and all the emulsions show some degree of
coalescence (Fig. 2). By increasing oil flowrate tlvalescence is increased. Using hydrated calcilonide gives rise
to the more stable emulsion than using sodium adomwhich shows that divalent ions such as calguaduce a very
important increase in Laponite adhesion in thewaiter interface. Further interfacial dilationalediogy studies
(unpublished results) showed a high mobility of dajpe particles and an elastic film at 1.5% wt ahdM
concentration of Laponite and NaCl were observedrddver a crumpling was observed upon compresdien an
overnight aging time.
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(e) )
Figure 2. (alLaponite 1.5 wt%, Cag.1M,Qil flowrate: 0.5 ml ht, Aqueous phase flowrate: 0.150 ml fhifirst day,
(b) Laponite 1.5 wt%, CagD.1M, Oil flowrate: 1.5 ml hit, Aqueous phase flowrate: 0.150 ml fhifirst day, (c)
Laponite 1.5 wt%, CagD.1M, Oil flowrate: 3.5 ml ht, Aqueous phase flowrate: 0.150 ml fhifirst day, (d)
Emulsion in (a) on day 39, (e) Emulsion in (b) on day 39f) Emulsion in (c) on day 39
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