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AQUEOUS NANOEMULSIONS IN FUELS: A CORROSION STUDY
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A new surfactant (SCFATA, developed in our group) was employed to prepare aqueous
nanoemulsions in comercial automobile gasolines. The surfactant is completly miscible in
water and oil. Stable nanoemulsions, nearly monodisperse, were attained without
cosurfactant and with moderate stirring. SCFATA is also an octane enhancer as tested in a
two-cicles engine. The effect of the high water content (up to 95%) in the aqueous
nanoemulsion in gasolines on the corrosion performance of a API X-80 pipeline steel, in
both static and dynamic conditions, was studied by dynamic polarization and linear
polarization resistence.
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1. Introduction

Altern fuels constitute an attractive research area for the development of new fuels with
enhanced properties. In particular, altern fuels are promising fuels for better air-quality problems
in order to reduce emisions of carbon monoxide and other pollulants from automobiles. The
quality of oxygen that must be added is dependent upon the severity of the air quality problem.
"Reformulated” gasolines, containing a minimum of 2% oxigen by weight are most commonly
required while "oxygenated" gasolines containing 2.7% or more of oxygen may be required in the
winter months for the most problematic urban areas. The chemical oxygenates most commonly
added to these "reformulated" gasolines include methyl tert-butyl ether (MTBE) and ethanol. Of
these, MTBE use exceeds that of ethanol. However, the use of ethanol is expected to increase in
United States due to potential health effects associated with MTBE and market forces (New York
Times (1997), Cook et al. (2011)). Also, the pollution in different industries, by using gasoline
and diesel, is revealing more and more complex pollutants (Reda et al. (2014)) In order to meet the
fuel mandates, reformulated gasolines must contain 5.5% ethanol by volume and oxygenated fuels
must contain 7.4% ethanol. Ethanol is also added to gasolines as an alternative replacement for
petroleum compounds. Automobiles are currently being manufatured that may use fuel containing
ethanol fractions as high as 85%. The presence of MTBE, ethanol and other chemical oxygenates
in gasolines has prompted concern among scientists and environmental compartments, including
groundwater and snow (Pouloupolos et al. (2000), Kolb et al. (2006)). Oxygenates, especially
alcohols, can act as a cosolvent and significantly increase the aqueous solubility of potentially
harmful hydrocarbons. In a subsurface gasoline spill scenario, the increase the potential for human
exposure to these chemicals (Heermann et al. (1998); Bravo et al. (2000); Uri et al. (1999);
Schifter et al. (2001); Pinal et al. (1990), Groves (1988); Cline et al. (1991); Stephenson. (1992),
Oliverira et al. (2007), Pereda et al. (2009)). Ethanol is also added to gasolines as an alternative
replacement for petroleum compounds. Automobiles are currently being manufatured that may use
fuel containing ethanol fractions as high as 85%. Some studies focused on the potentially
detrimental hygroscopic nature of oxygenated gasolines in automobile engines. (Letcher et al.
(1986), Lojkasek et al. (1992), Ginnebaugh et al. (2010)).
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Emulsions are dispersions of one liquid in other in a form of droplets of sizes usually
ranging between 0.1 to 10 pm (Solans et al. (20056), Juarez et al. (2008)). If the average particle
size is within the 0.01 to 0.1 um interval, the system is called a microemulsion. They is even a
visual distinction: microemulsions are crystal clear whereas standard emulsions have a cloudy
appearance, because of differences in light scattering.

The two phases of emulsions are completely or partially inmiscible and the dispersion is
stabilized by surfactants, including the stabilization by small solid particles. In some systems, the
addition of a fourth component, a cosurfactant, to an oil-water-surfactant system can cause the
interfacial tension to drop to near-zero values, easily on the order of 10° to 10 mN/m; low
interfacial tension allows spontaneous, or nearly spontaneous, emulsification down to very small
droplet sizes, ca. 10 nm or even smaller. The droplets can be so small that they scatter light
weakly; the emulsions appear to be transparent and do not break under neither standing or
centrifugation. Unlike coarse emulsions, these microemulsions are usually thought to be
thermodynamically stable.

The recent interest of the scientific community worldwide on nanotechnology has led to a
renewed interest on the scientific and technological aspects of the production of even smaller
emulsion sizes: nanoemulsions. The self-organization of mesoscopic superestructures such as
membranes, tubes, sponges, and so forth with a characteristic nanometer-length scale is expected
to open up a rich path for the so-called “bottom-up” approach, which is supposed to complement
or even replace the current “top-down” device fabrication technology in the near future.
(Heermann et al. (1998), da Silva et al. (2013)).

On the other hand, a severe limitation to the practical use of standard or micro aqueous
emulsions in oild and/or fuels is the corrosion behavior, which could be catastrophic due to the
complex interfacial phenomena at the interfaces fuel-water-pipeline.

The aim of the present work is to study a electrochemical method for corrosion testing will
be used with fuels containing various percentages of water added as nanodroplets, by using a novel
surfactand SCFATA, developed in our group.

2. Experimental

Materials. Commercial mexican gasoline Pemex Magna (regular) and Pemex Premium
were used as sold by the state-owned oil company. API X-80 pipeline steel having 0.013(wt%) C,
1.52 Mn, 0.05 Mo, 0.007 P, 0.038 Nb, 0.009 S, 0.20 Si, 0.1 V, 0.028 Al, 0.005 Ti, 0.21 Ni, 0.11
Cr-Fe(bal) was used.

Techniques. A volumetric method was used to obtain aqueous nanoemulsions in
gasolines. They were obtained from binary samples of water-fuel with 5%-95% concentration per
volumen of water.at 4°C and 25°C. Particle size was determined by a Malvern Autosizer 4800
equipped with a laser model Innova Coherent 90K. Electrochemical experiments were performed
using a Gamry Instruments PC3 potentiostat controlled by an CMS100 software. Octane index
was determinated with CFR machines and the ASTM norms were used to RON and MON
numbers: ASTM-D-2699 and ASTM-D-2700 respectively.

Aqueous nanoemulsions in fuels were used in internal combustion motor of two cycles.
Technical data of the machine are shown in Table 1.

Table 1. Technical data to internal combustion monocylindrical motor of 2 cycles.

Rolling: 27.2cm®

Stroke 30.0 mm
Diameter 34.0 mm

Power as 1SO 8893 0.75kW (1 CV)
Ralenti regime 2800 rpm
Regime max. of motor 9500 rpm

Regime max of tree to operate 9500 rpm



635

Synthesis of nanoemulsions in fuels and phase diagrams. Phase diagrams were
obtained for the system based on gasoline 87 octane grade (Regular), and the system based on
gasoline 93 octane grade (Premium) at a fixed temperature by careful addition of the surfactant
SCFATA to a exactly-measured mixture of gasoline and water by using a micropipette in a 125
cm?® flask. The surfactant SCFATA was added using a burette. The flask was carefully shaken in a
controlled waterbath and drops added until one drop of surfactant caused the cloudy solution to
become clear.

The results were checked by measured volume exact of gasoline, water and surfactant,
(mixtures that corresponded to points on the binodal curve) into flasks which were sealed. The
flasks were then shaken in a waterbath and the temperature slowly adjusted until the clear solution
occurred.

Aqueous nanoemulsions in gasolines were obtained from binary samples of water-fuel
with 5%-95% concentration per volumen of water. Nineteen stable base emulsions containing
destilated water, gasoline Pemex Magna, and gasoline Pemex Premium were formulated using
SCFATA surfactant. Pemex Magna and Pemex Premium gasolines, and destilated water were used
as supplied. The phase diagrams were repeated three times over a period of 13 months and no
measurable difference could be found in the results, indicating that the water nanodroplets-
surfactant-gasoline composition were stable over that period

Scheme 1. Electrochemical experiments

The relevant experimental parameter for the electrochemical technique were:

a) Lineal polarization resistence (Rp): potentiostatic, potential range +0.01 V (referred to the
Ecorr), potential scanning rate=0.017 mVs-1.

a) Polarization curves: at a rotation rate of 0 rpm a cathodic and an anodic polarization curves
were measured on different steel samples. Before the experiments, the Ecorr value was measured
during 30 minutes approximately until it was stable. These polarization curves were obtained,
departing from Ecorr, at a scanning rate of 0.005Vs-1, in cathodic or anodic direction, depending
on each case. Therefore, two polarization curves were obtained, one cathodic and one anodic.
Before the experiments, the Ecorr value was measured during 30 minutes approximately until it
was stable. At a rotation rate of 400 rpm a single polarization curve was obtained after 4 hours of
exposure time, at each water concentration. In this particular case, the polarization curves were
started at an overpotential of —-800 mV (with respect to E.,) and stopped at an overpotential of
+1500mV (referred to E). All the potentials were measured using a Satured Calomel Electrode
(SCE) as reference electrode coupled to a Luggin probe (Khaouei et. Al (2014)). The counter
electrode was a platinum wire (Zhu et al. (2010)). Corrosion rates were calculated by using Tafel
extrapolation, for the case of the polarization curves, and by using polarization resistence, Rp,
obtained from Tafel slopes. All tests were performed at room temperature (25°C+2°C).

Scheme 2. Octane Index
Octane index was determinated with CFR machines and the ASTM norms were used to RON and
MON numbers: ASTM-D-2699 and ASTM-D-2700 respectively.

Scheme 2. Performance of agqueous nanoemulsions
Aqgueous nanoemulsions in fuels were used in internal combustion motor of two cycles. Technical
data of the machine are shown in Table 1.

3. Results and discussion

Points on the binodal curves (Figure. 1) were determined as described above, showing the
narrow region that allow the stabilization oif nanodroplets in water by using the new surfactant.
Polarization curves for X-80 steel in water in Pemex Magna gasoline+SCFATA nanoemulsions at
different water content are shown in Figures 2, 3, 4 and 5. It can be seen that both anodic and
cathodic current densities in static conditions incease as follows: M7-4C 35%H,0, M3-4C
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15%H,0, M13-4C 65%H,0, M1-4C 5%H,0, M9-4C 45%H,0, M11-4C 55%H,0, M5-4C
25%H,0, M17-4C 85%H,0, M19-4C 95%H,0, M15-4C 75%H,0, and it can be seen that both
anodic and cathodic densities in dynamic conditions increase as follows: M1-4C 5%H,0, M7-4C
35%H,0, M5-4C 25%H,0, M13-4C 65%H,0, M3-4C 15%H,0, M11-4C 55%H,0, M9-4C
45%H,0, M17-4C 85%H,0, M19-4C 95%H,0, M15-4C 75%H,0. In all cases %H,O represents
the percent in volume of water in binary mixture gasoline-water, and 4C indicates that samples
were prepared at 4°C.

SURFACTANT SURFACTANT

WATER PREMIUM WATER REGULAR

(@) (b)

Fig. 1. Isoterms for systems of fuel-water mixtures containing (a) gasoline 87 octane grade (Regular),
(b) gasoline 93 octane grade (Premium) at 25°C.
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Fig. 2. . Polarization curves in static conditions for aqueous nanoemulsions
in Pemex Magna gasoline-SCFATA.
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Fig. 4. Polarization curves in dynamic conditions for aqueous nanoemulsions

15

1E-8 1E-7

lEI—G 1EI—5
Log(i)(mA/cm?)

in Pemex Magna gasoline-SCFATA.

1.0 A

—— M11-4C (Rotacion)
—— M13-4C (Rotacién)
M15-4C (Rotacion)
—— M17-4C (Rotacion)
M19-4C (Rotacion)

0.5+

0.0 4

E(V)

-0.5 4

-1.0 4

-1.5

Fig. 5. Polarization curves in dynamic conditions for aqueous nanoemulsions

T T T
1E-5 1E-4 1E-3

Log(i)(mA/cm®)

T
0.01 0.1

in Pemex Magna gasoline-SCFATA.

637



638

No passive region was found for all gasoline contents, however, in static conditions (Fig. 2
and 3), the corrosion current density is lower than in dynamic conditions (Fig. 4 and 5) in samples:
M7-4C, M3-4C, M13-4C, M1-4C and M19-4C. Nevertheless, M7-4C and M3-4C samples are
bigger than in dynamic conditions. In dynamic conditions the corrosion current density is bigger
than in static condition in samples: M9-4C, M5-4C and M15-4C. But the M11-4C and M17-4C
samples have the same corrosion current dentity in both that static and dynamic conditions.

The variation of corrosion current density, I, With time and aqueous nanoemulsions in
gasoline Pemex Magna concentration, at 0 rpm is shown in Figure 6, which demostrates the
dependence of the measured corrosion current density with water concentration. Indeed, as the
water concentration increases the measured corrosion rate increases, as it could be expected. It is
interesting to notice the following feature at the beginning of the experiment: I, decreases with
time and then reaches a steady value. This can be observed in the M19-4C. M17-4C, M15-4C
samples. It is interesting too, that at the 1000, 1800 and 2000 seconds of the experiment, lqoq
increases with time and then decreases to a steady value. This can be observed in M3-4C, M15-4C
and M19-4C samples. However, for the M17-4C sample, the tendency for I, is to decrease at the
beginning of the experiment to a steady state value, but then decrease to new a steady value.
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Fig. 6. Corrosion current density, |, VS time for agueous nanoemulsions
in gasoline Pemex Magna at O rpm.

Fig 2 demostrates that, at O rpm, Icorr is independent of the surfactant, and water
concentration. The calculated values of Icorr are practically the same, at bulk concentrations of
surfactant and water (except M19-4C sample). These results indicate that, static conditions favours
the SCFATA surfactant migration, from the bulk of the solution, towars the surface of the
electrode. This increased migration rises the SCFATA surfactant concentration and coverage at the
surface of the electrode, thus decreasing l¢or.

The surfactant SCFATA is miscible completly with water for all five gasolines prepared
and tested.

The effect of temperature on the binodal curves for two systems (water-gasoline Pemex
Magna-SCFATA and water-gasoline Pemex Premium-SCFATA) at 4°C and 40°C can be observed
in Figures 7 and 8, respectively.
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Fig. 7. Isoterms for fuel-water mixtures containing (a) gasoline 87 octane grade (Regular),
(b) gasoline 93 octane grade (Premium) at 4 °C.

SURFACTANT SURFACTANT

WATER PREMIUM WATER REGULAR

@) (b)

Fig. 8. Isoterms for fuel-water mixtures containing (a) gasoline 87 octane grade (Regular),
(b) gasoline 93 octane grade (Premium) at 40 °C.

Figs. 8 and 9 show that the surfactant in the blend has a significant effect on the solubility
of water. Samples of nanoemulsions, stored in sealed amber bottles at room temperature, were
monitored over a period of two years approximatly, showing a remarkable stability.

Octane index was determinated from Pemex Premium and Pemex Magna gasolines only to
following samples: M1-4C, P1-4C, P5-4C, and Pemex Premium gasoline in octane machines with
certainty of 95.451. RON and MON proof is made with ASTM norm: ASTM-D-2699 (RON) and
ASTM-D-2700 (MON). Results are shown in Table 2. Same results were obtained of mixtures
with 50% in volume of n-heptane. But the P5-4C sample (Pemex Premium gasoline
nanoemulsion) with 75% in volume of n-heptane showed an octane index of 91. Then,
theoretically the P5-4C nanoemulsion has an octane index of 273. This result mean that the
SCFATA surfactant to be able to used as octane-boosting blend component. The surfactant
SCFATA has high octane ratings and hence is attractive substitute for oxygenated hydrocarbons
such as ethers are used as so-called octane-boosting blend components in order to preserve the
octane quality of gasoline.
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Table 2. Determination of RON and MON numbers, octane index and uncertainty with CFR machines.

Sample RON i MON i 1.0.
Pemex Premium | 97.2 +0.16 88.1 +0.16 92.65
M1-4C N/D N/D N/A N/D N/A
P1-4C N/D N/D N/A N/D N/A
P5-4C N/D N/D N/A N/D N/A

Where N/D= no determined; N/A= no applied i= uncertainty; 1.0:= octane index

Agueous nanoemulsions in fuels were used in a two-cycles internal combustion. Results
are shown in Tables 3 and 4, demostrating a good behavior as fuels.

Table 3. Performance of aqueous nanoemulsions in Pemex Premium gasoline

for a 2-cycles single cylinder engine.

Fuel Volume (mL) Operate time (min) Efficiency
(attempts before start of the engine)
Premium 100 =15 11
P1-4C 100 ~15 8
p2-4C 100 ~13 13
P3-4C 100 ~15 11
P4-4C 100 ~15 11
P5-4C 100 ~13 14
P6-4C 100 ~13.5 12
P7-4C 100 ~15 13
P8-4C 100 ~14 18
P9-4C 100 ~14 22
P10-4C 100 ~13.5 20
P11-4C 100 ~14 24
P12-4C 100 ~15 35
Table 4. Performance of aqueous nanoemulsions in Pemex Magna gasoline
for a 2-cycles single cylinder engine.
Fuel Volume (ml) Operate time (min) Efficiency
(attempts before start of the engine)
Magna 100 ~16 7
M1-4C 100 ~15.5 7
M2-4C 100 ~15 11
M3-4C 100 ~15 9
M4-4C 100 ~14 15
M5-4C 100 ~14 15
M6-4C 100 ~13 17
M7-4C 100 ~13.5 15
M8-4C 100 ~13 19
M9-4C 100 ~13.5 22
M10-4C 100 ~13 26
M11-4C 100 ~13 29
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4. Conclusions

The preparation of aqueous emulsions in fuels using SCFATA surfactant makes easy the
blend between water and gasolines. Our results indicate that the nanoemulsions are transparent
dispersions, stables and none cosurfactant was required. The emulsification process no required a
considerable amount of mechanical energy. The average particle size is on the order of
nanometers. This new nanoemulsions have properties of carburetant and we was given possibility
to apply as altern fuels. Preliminary results exist that the SCFATA surfactant to be able to used as
octane-boosting blend component. The corrosion behavior of API X-80 pipeline steel in aqueous
nanoemulsions in fuels under static and dynamic conditions has been studied using polarization
curves and corrosion potential versus time curves techniques. These techniques were found to be
effective in assessing the corrosion behavior of this steel in nanoemulsions, and they were
sensitive to the water contents generally, reaching a maximum value in M15-4C sample. No pasive
region was found for all gasoline contents, however, generally in static conditions the corrosion
current density is lower than dynamic conditions. Nevertheless, the water contents is high, the
corrosion rate is to decrease at the beginning of the experiment to a steady value.
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