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HIGHLIGHTS
e Alcohol type and concentration significantly influence optimal salinity in SOW/A
systems.
e Intermediate-chain alcohols act as co-surfactants, enhancing microemulsion
formation.

e Optimal salinity decreases with increasing alcohol concentration for most alcohols.

e |so-pentanol deviates from linear S*-alcohol concentration relationship, impacting
microemulsion design.

e Laser light scattering and interfacial tension measurements yield consistent results
for optimal salinity.

e Correlations developed for alcohol function f(A)enable HLD estimation and
interpretation.

ABSTRACT

In this study, the influence of cosurfactants (n-butanol, sec-butanol, iso-butanol, n-pentanol,
iso-pentanol) on the formulation of sodium dodecyl sulfate-oil-water systems was
investigated. Salinity sweep, stability and interfacial tension measurements were used to
determine the optimum salinity and function alcohol, f(A). The results showed that systems
without alcohol form gelled structures requiring longer equilibration times than systems with
alcohols, where an increase in concentration significantly modifies the value of the optimal
formulation, especially for primary alcohols in the range of 3 to 5 % v/v alcohol. With n-
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pentanol, the optimal salinity was shifted from 12 g/dL (1 % v/v n-pentanol) to 5.5 g/dL (3 %
v/v n-pentanol), maintaining the same WI-WIlI-WII phase behavior contributed by the
salinity variation in the formulation sweep. Also, salinity adjustment models were developed
as a function of alcohol concentration and function f(A) for each alcohol, which allow
numerically estimating the HLD correlation parameter for the studied system and its
interpretation out of equilibrium to form or break emulsions; as well as in detergent
formulations and microemulsions for cleaning or transport of substances in controlled
release of ingredients.

Keywords: formulation, cosurfactant, interfacial tension, stability, stability

INTRODUCTION

Surfactants and cosurfactants are crucial across a wide range of applications. Their use has
significantly grown in sectors as varied as food processing [1], cosmetics [2], pharmaceuticals
[3], and anticorrosion [4], particularly in the gas-oil-petrochemical industry for tasks like
asphaltene inhibition and enhanced oil recovery [5, 6, 7, 8]. Their effectiveness relies heavily
on the optimal formulation of the surfactant-oil-water (SOW) system. At this point a
substantial reduction in interfacial tension(/FT), related tothe balance between hydrophilic
and lipophilic interactions dictates phase separation and stability. While previous studies
have been conducted to explore the use of alcohols as cosurfactants, their quantitative
influence on optimal formulation remains unclear [9, 10, 11, 12].Theoretical models, like
molecular thermodynamic and phenomenological approaches, have tried to describe
microemulsion behavior. However, these models often rely on many parameters and
assumptions, limiting their practical use and predictive accuracy[13].

Alany et al. [14] conducted a study on the effect of different alcohols as cosurfactants on the
phase behavior of the pseudoternary systems water/ethyl oleate/non-ionic surfactant. They
found that the alcohol increased the percentages of water and oil in the microemulsions.
Alvarez et al. [15] determined that a small amount of sec-butanol in the aqueous phase
decreases the time required for the emulsification system to produce an emulsion of normal
morphology at equilibrium (time of apparent equilibrium, tape) of an unequilibrated SOW
system. Studies by Marfisi [16] suggest that alcohols like sec-butanol facilitate the de-
emulsifying surfactant move to the oil-water interface faster. This improves separation by
lowering the IFT and speeding up the adsorption process. However, the effectiveness of the
alcohol depends on its properties very lipophilic (lipophilic liker), or highly hydrophilic
(hydrotropic and hydrophilic linker) alcohols hinder the transfer of the separating agent [15].
Intermediate hydrophilicity alcohol(butanol and pentanol) is added to SOW systems to
prevent the formation of gels and to accelerate the process of reaching equilibrium of the
SOW/A systems, where alcohol is incorporated. For example, secondary butanol (sec-
butanol) and tert-pentanol are commonly used because they interact well with both the
aqueous and the oil phase [17]. However, alcohols with longer hydrocarbon chains tend to
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accumulate more in the oil phase, which further increases the stability of the mixture [18,
19].

The different formulation parameters are empirically correlated. The correlation for optimal
formulation Hydrophilic Lipophilic Difference (HLD), quantifies the overall effect of the
variables involved on formulation of the SOW systems [20]. The correlation for anionic
surfactantsis useful to determine the location of the optimal formulation in a salinity
formulation scan, which occurs when the HLD equals zero, i.e., when there is an exact
balance between hydrophilic and lipophilic interactions of the surfactant on both phases of
the SOW system. Salager et al. [21] recently introduced the normalized version of this
concept, the normalized HLD (HLDy), to enable a fairer comparison between different
surfactant systems, irrespective of their alkyl chain lengths.

A quantitative understanding of how different alcohols affect optimal formulation, is lacking.
The present study investigates the influence of various alcohols on the optimal formulation
of anionic surfactant-oil-water systems. By incorporating the effects of these alcohols into
HLD, expressed through the function alcohol, f(A), the research aims to establish both
qualitative and quantitative trends. This approach offers a framework to elucidate how the
addition of alcohols alters the optimal formulation, ultimately facilitating more efficient
engineering of SOW systems. Interfacial tension (/FT) serves as a key response variable to
identify the optimal formulation for each alcohol-containing system. Furthermore, analysis
of IFT evolution over time provides insights into the stability of the resulting emulsions. This
comprehensive investigation seeks to deliver valuable knowledge for optimizing SOW
formulations that incorporate alcohol cosurfactants.

MATERIALS AND METHODS

Salinity scanning phase behavior experiment

The following two concentrated solutions were prepared: a) Sodium dodecyl sulfate
surfactant (SDS) solution at 10 g/dL in water, from Scharlaii Chemie S.A. (95% purity for
synthesis); b) Sodium chloride (NaCl) solution at 20 g/dL in water, manufactured by Sigma-
Aldrich (99% purity). All components were weighed on an analytical balance (Cole-Palmer
Instruments, with a capacity of 120 g and a precision of £0.0001 g), and dissolved in distilled
water to a total volume of 1 L in a volumetric flask.

By using the single scan technique[22], a series of 30 mL calibrated tubes were used for the
formulation scans of the SOW systems. Each tube was filled sequentially with distilled water,
brine, the SDS solution at 1 g/dL concentration, heptane (Sigma Aldrich, > 96 % purity ), and
a variable quantity of alcohol affecting the total system volume. A consistent water-oil ratio
(WOR) of unity was maintained throughout, with varying concentrations of NaCl as the
salinity formulation variable. Alcohol content was varied from 0 to 5% vol. (in increments of
1%), with additional variables including the chain length of the alcohol and the position of
the OH functional group. Five alcohols were assessed: n-butanol, sec-butanol, iso-butanol, n-
pentanol and iso-pentanol (Sigma Aldrich, 99 % purity for synthesis). Reference scans
without alcohol were also prepared.
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The phase behavior at equilibrium was determined placing the SOW/A systems in a water
bath maintained at 25 °C for a period ranging from 48 to 72 h. After equilibration, the phase
volumes were measured, and the systems were characterized using laser light scattering to
identify the dominant phase behavior by Winsor's theory (1954): Winsor | indicated by
transmission in the aqueous phase, Winsor Il by transmission in the oleic phase, and Winsor
Ill by transmission in the bicontinuous middle phase, as shown in Figure 1a. Some of these
systems at low alcohol concentration of 1 to 3 % v/v required equilibration times greater
than 48 h and formed gelled structures in one of the phases, as shown in Figure 1b.

A
v
y

A
v
A

-3

Winsor | Winsorlll  Winsor Il Fases gelificadas

Figure 1. Phase behavior in salinity scans (WOR = 1) for SOW/A systems: a) 1 g/dL SDS in
NaCl water, heptane, 3 % n-pentanol; b) 1 g/dL DSS in NaCl water, heptane, 3 % n-butanol

Stability of emulsified SOW system

Stability was measured as a function of the coalesced volume of aqueous phase (Vc) for a
predetermined time, after each of the SOW systems of the formulation scan was agitated
with a blender mixer at 600 rpm for 1 min up to emulsification. Veo was set as the total
volume of aqueous phase in the tube and equal to 15 mL. Vc was recorded at coalescence
time(tc). Then, Vc/Vee was plotted with respect to tc, obtaining a sigmoidal curve, typical of
these processes. The time required to separate 50% of the initial aqueous phase, which was
called the meantime (tc;/;) was estimated.

Stability measurements in systems prepared with 1 and 2 % v/v alcohol were performed only
at the optimum formulation. At these concentrations very stable O/W and W/O emulsions
were formed due to the high stability of the resulting WI and WII type systems. Stability
diagrams of tc;/versusHLD were constructed by estimating the f(A) term for each alcohol.
This was achieved by setting HLD = 0 in Eq. 1 (where 0=-2,8; x=0,10; T = 25 °C, ay = -
0,012C™) and solving for f(A) as follows: f{A) = In(S*) + K, where K represents the combined
contribution of other formulation variables (salinity, oil, and temperature). Thus, f(A) is
solely determined by the optimal salinity (S*) for each formulation sweep.

Volume 07 | Issue 09 | September 2024 | https://ijojournals.com/index.php/as/index 4



1JO JOURNALS

IJO - International Journal of Applied Science

(ISSN: 2992-247X) Shirley Marfisi Valladares®*
https://ijojournals.com/ Volume 07 || Issue 09|| September, 2024 ||

IMPACT OF ALCOHOL CONCENTRATION AND TYPE ON OPTIMAL SALINITY IN SURFACTANT-OIL-WATER MICROEMULSION SYSTEMS

HLD = 5};“—7’? =1InS* — k(EACN) — f(A) + 0 — a;AT = 0 (1)

In this equation, SAD is the Surfactant Affinity Difference, R is the universal gas constant, T
the temperature of the system, S* is the optimum salinity of the aqueous phase expressed
as g NaCl/dL aqueous phase, EACN is the carbon atoms number equivalent of the oil phase
represented by a linear alkane, f(A) is a function depending of the type and alcohol
concentration, o and k are characteristic parameters depending on the structure of
surfactant; AT is a deviation of the set temperature from room temperature (25°C) and
subscriptT is the numerical coefficient which expresses the deviation of the formulation with
respect to room temperature (25°C)[23].

Interfacial tension measurement

Interfacial tension was measured using the automated TGG110-M3 Rotating Drop
Tensiometer[24] [25]. For each case stabilized in the optimum formulation sample of the
aqueous phase was drawn using a graduated syringe and introduced into a capillary tube
(0.245 mm diameter) to avoid air entrapment. Similarly, a sample of the oil phase was taken,
and a drop placed centrally in the capillary, which was then sealed and inserted into the
sample holder of the tensiometer. The equipment, pre-calibrated with the tensiometer
software for capillary size, spun the capillary at a predetermined speed to elongate the oil
drop until its diameter was approximately four times its original size. An image of the
elongated drop was captured and analyzed using Aldo’s Visual Capture application, as shown
in Figure 2. The interfacial tension was calculated using equation 2, proposed by Cayias [26],
considering the measured drop diameter (d), the density difference between the water and
oil phases (4p), the period of revolution (p), and a magnification adjustment factor provided
by the camera setup and unit correction factor.

d

)

IFT(mN/m) = 5,33x10° =
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Figure 2. Deformation of the oil drop by the adsorption of the anionic surfactant at the
water/oil interface of the SOW/A systems during the measurement of the interfacial tension
by the drop deformation method (Spinning Drop Tensiometer, model TGG110-M3, CITEC-
FIRP-ULA, capillary 0.245 mm diameter, "Aldo's Visual Capture" and "Tensgg" programs)

RESULTS AND DISCUSSION

Optimal phase behavior and formulation

As illustrated in the micrographs in Figure 3, the expected phase transition for surfactant-oil-
water type WI-WIII-WII, occurred for salinity sweeping with water-to-oil ratio WOR 50/50,
heptane as the oil phase, 1 g/dL of sodium dodecyl sulfate and 3% v/v n-pentanol. The
micrographs captured the variations of phase behavior in the salinity range. In these
systems, the WIII microemulsion was observed between 6 and 7 g/dL, where bicontinuous
micellar structureis present, as can be seen in the image at salinity of 6 g/dL, and it was
necessary to change the microscope objective (10/0.25) compared to the other systems
(objective 40/0.65). At salinities less than 6.0, WI type aqueous microemulsions are
observed and WII type oil microemulsions above 7.0, with notable visual differences when
the association of the molecules is modified according to their affinity with the medium to
subtract the lipophilic group from the surfactant, forming normal micelles (type S1),
characteristic of Winsor WI systems; or the hydrophilic group forming inverse micelles (type
S2) generated by Winsor WII systems.

The optimal salinity (S*) for these systems containing each of the five alcohols studied was
determined by identifying the salinity at which a Winsor lll microemulsion formed. This
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characteristic Winsor Il phase, marked by approximately equal volumes of excess aqueous
and oil phases, indicates that the microemulsion itself also contains equal volumes of
solubilized water and oil [27]. This surfactant-rich middle phase consists of colloidal
aggregates of swollen normal and inverse micelles, effectively solubilizing both water and
oil. In this state, surfactant interactions with both phases of the emulsion are balanced,
indicating that the system is at the optimal formulation.

WI: Salinity 2 g/L (objective 40/0.65)  WI: Salinity 3 g/dL (objetive 40/0.65)  WI: Salinity 4 g/dL (objective 40/0.65)

Figure 3. Phase behavior variation in salinity scan for SWO/A surfactant system (1 g/dL DSS

in water with NaCl, heptane, WOR 50/50, 3 % n-pentanol)
Figureda illustrates the variation of the clarified aqueous phase fraction as a function of time
for various salinity levels (1 g/dL to 16 g/dL) in systems with 3% v/v n-pentanol, revealing the
characteristic sigmoidal behavior of phase separation. The mean coalescence time (tcy)
identified for each salinity level allows the construction of a salinity scan (Figure4b), which
exhibits a U-shaped curve with a minimum tcy; of approximately 156 seconds at the optimal
salinity (S*) of 6.4 g/dL. This optimal salinity, corresponding to the Winsor Ill region,
represents the point of optimal balance between the surfactant's affinity for oil and water,
leading to the formation of a highly interconnected bicontinuous microemulsion phase with
maximum stability.
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Figure 4. (a) Kinetics of aqueous phase clarification (Vc/Vee versus time) in 1 g/dL SDS
systems with 50/50 WOR, heptane, 3% v/v n-pentanol. (b) Impact of salinity on mean
clarification time (tcy) for the same system

The increased tcy values observed on either side of the S*are a consequence of the growth
and subsequent coalescence of emulsion droplets as the system transitions between Winsor
| (at low salinities) and Winsor Il (at high salinities) behaviors. In the Winsor | region, the
emulsion is primarily composed of O/W droplets and increasing salinity up to S* reduces
interfacial tension, leading to larger, more stable droplets and longer coalescence times,
reaching a maximum at 4 g/dL. Conversely, beyond S*, the system transitions to Winsor Il,
where the emulsion consists of W/O droplets. The tc; decreases from the local maximum at
10 g/dL as the salinity increases, likely due to the formation of larger, less stable W/O
droplets that coalesce more readily at higher salinities.

Figures 5a to 5e show a U-shaped relationship between tcy; and salinity for various alcohols
at 3-5 % v/v concentrations. The minimum tcy indicates optimal salinity for reduced
emulsion stability due to increased droplet coalescence [28]. As alcohol concentration rises,
the optimal salinity shifts lower, and tcy decreases. This is attributed to alcohol acting as a
cosurfactant, reducing interfacial tension, and promoting smaller, more stable droplets and
microemulsion formation at lower salinity. Alcohol also disrupts water's hydrogen bond
network, reducing salt solubility and further lowering the optimal salinity [29]. Figure 5f
illustrates this linear decrease in optimal salinity with increasing alcohol concentration.

Notably, iso-pentanol deviates from the linear behavior in Figure 5f, showing a marked
decrease in optimal salinity starting at 3 % concentration, converging towards n-pentanol.
This may be a result of the increased steric hindrance from iso-pentanol's branched
structure, disrupting surfactant packing at the interface and leading to a more pronounced
reduction in interfacial tension. Stronger hydrophobic interactions between iso-pentanol's
branched chains and the oil phase may further contribute to the lower salinity required for
microemulsion formation. These findings align with Monje-Galvan and Klauda[30], who
demonstrated that the chemical structure of butanol isomers significantly affects their
interfacial behavior. Isomers with similar spatial arrangements around the hydroxyl group
exhibited comparable effects on interfacial tension, while those with different structures
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displayed distinct interfacial dynamics. Finally, it is important to reiterate that the optimal
salinity for sec-butanol at 1%, 2 % and 3 % could not be determined using this method.
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Figure 5. Effect of alcohol type and concentration on emulsion stability in surfactant-oil-
water (SOW) systems. (a-e) Mean coalescence time (tcy) vs. salinity for various alcohols and
concentrations. (f) Optimal salinity (S*) as a function of alcohol concentration

Formulations containing 1-3% v/v of all alcohols, particularly at low salinities formed gelled
liquid crystal-like structures (see Figure 1b). This gelation is likely due to the absence orlow
alcohol concentration, as alcohol typically disrupts gel formation and favors the formation of
three-phase systems. In contrast, formulations with 4-5% v/v alcohol exhibited the expected
phase behavior, except for n-butanol at 5% v/v and salinities between 10 and 16 g/dL, where
the oil phase gelled. Liquid crystals are partially ordered fluids exhibiting both solid-like (e.g.,
anisotropy) and liquid-like (e.g., fluidity) properties. The lamellar liquid crystal consists of
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alternating bilayers of surfactant molecules with their hydrophobic tails facing inward and
hydrophilic heads facing outward, separated by solvent layers [31].

At certain salinities, tetraphasic states were observed, comprising: an aqueous phase, an
intermediate phase, a gel phase, and an oil phase. In some instances, the gelled phase
significantly reduced the volume of the oil phase. This type of system is rare and is attributed
to the branched nature of the alcohol. Unlike other alcohols, sec-butanol acts as an
independent component (A) rather than a pseudo-component (S+A = Surfactant + Alcohol),
(as shown in Figure 1b). The behavior of branched alcohols in the formation of gelled
microemulsions has been observed in similar systems [32] [33]. In this case, the ternary
phase diagram is not applicable, and a quaternary representation (e.g., a tetrahedron) is
required to depict the four components of the SOW/A.

The formation of four phases was evident with sec-butanol but not with n-butanol or iso-
butanol at the same concentration (3% v/v). This confirms that the position of the polar OH
group in the alcohol's molecular structure influences the formulation of SOW systems. The
sec-butanol molecule possesses two lipophilic carbon tails of different lengths: an ethyl
radical (CHs-CH;) on one side of the OH group and a methyl radical (CHs-) on the other. This
asymmetry leads to strong interactions with both water and oil, competing with the
surfactant's interactions between its lipophilic chains. This competition results in the
formation of both normal and inverse micellar structures, as well as two middle phases
(microemulsions) with distinct densities. As emulsions typically do not encounter high
salinities in practical applications, the study did not extend beyond 16 g/dL NaCl, as higher
salinities would force the surfactant out of the aqueous phase. In sweeps where the optimal
salinity could not be achieved, it is necessary to modify another formulation variable to
attain the optimal salinity and subsequently investigate the electrolyte's behavior.

Optimal salinity by the interfacial tension method

While previous studies report similar trends in [FT reduction with alcohols [34],
discrepancies at the optimum formulation highlight the need for further research into
alcohol-surfactant-water interactions. The progressive decrease in optimal salinity with
higher alcohol concentration underscores alcohol’s role in disrupting water structure and
impacting surfactant adsorption at the interface [35].

Figure6 shows the impact of alcohol type and concentration on interfacial tension as a
function of salinity in the studied SOW systems, using the same nomenclature as Figure5.
The optimal salinity, defined as the point where the lowest IFT is achieved, generally
decreases with increasing alcohol concentration.
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Figure 6. Effect of alcohol on interfacial tension varying the salinity of the SOW/A systems
(a-e) and alcohol concentration (f)

This behavior, shown in Figure 6, can be attributed tomolecular interactions and
thermodynamic properties inherent to alcohol-water-surfactant systems. At higher alcohol
concentrations, competition between alcohol molecules and salt ions for hydrogen bonding
with water intensifies. This competition reduces the solvation of ions, thereby decreasing
salt solubility and shifting the optimal salinity to lower values. Furthermore, as noted by
Gaiduk and Galli [36], alcohol reduces the dielectric constant of the solution, further
diminishing salt solubility and reinforcing this shift. Additionally, He et al. [35] explain that
this alteration in the solvation dynamics, caused by changes in the hydrogen bonding
network, affects the adsorption behavior of the surfactant molecules at the interface,
resulting in a lower /IFT at reduced optimum salinity. Another approach to the same
phenomenon explained by Geethu et al. [37], show that alcohols influence the interfacial
film's elastic bending rigidity, with short-chain alcohols decreasing the optimal salinity. This
behavior impacts the curvature of the interface, and the salinity needed for optimal
microemulsion formation, further explaining the trends in Figure 6.
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Table 1 shows a comparison of the optimal salinities obtained by the two methods used in
this document. In most cases, the two methods yield comparable results, but notable
differences emerge, especially with certain alcohols and concentrations.For example, at 1%
v/v n-pentanol, the optimal salinities differ by 1 g/dL (SI = 11.0, Sl = 12.0). This discrepancy
likely reflects the sensitivity of each method to different aspects of phase behavior, such as
dynamic versus static interfacial properties. Another significant observation is sec-butanol at
4% v/v, where both methods yield the same optimal salinity (15.5 g/dL), indicating a stable
microemulsion phase that aligns well between the two measurement approaches.Such
variations emphasize the complexity of alcohol-surfactant interactions and highlight the
need for multi-method evaluations to fully capture the behavior of these systems. The
stability of sec-butanol across all concentrations is particularly noteworthy.

Table 1. Comparison of optimal salinities obtained by the laser method, the mean
coalescence time method, and the t100 automated spinning drop tensiometer

Alcohol content 1% 2% 3% 4% 5%

Optimal salinity L L L R I L L L S L L L
n-butanol 151 151 130 151 11.0 120 85 8.5 7.0 5.0
sec-butanol - 16.0 - 16.0 - 16.0 155 155 140 140
iso-butanol 16.0 15.1 - 16.0 14.0 12.0 120 120 10.0 10.0
n-pentanol 11.0 120 - 10.1 6.4 5.6 5.8 5.0 4.7 3.0
iso-pentanol 16.0 10.0 14.0 10.0 8.0 7.0 6.0 6.0 5.0 5.0

$*: Optimum salinity (g/dL NaCl) by the mean coalescence time method.
s Optimum salinity (g/dL NaCl) by interfacial tension method.

Correlation of optimum salinity with alcohol content

The optimum salinityobtained by the interfacial tension method was correlated with the
alcohol contentfor each alcohol, using second-order polynomial regressions. All adjustments
were performed using a nonlinear solving method, i.e., Generalized Reduced Gradient
(GRG), available in the Solver tool of MS Excel. The correlations obtained and coefficients of
determination are shown in Table 2.

The Pearson correlation coefficient (R?) values indicate an acceptable adjustment for the
data, with a minimum of 0.847. This suggests that the second-order polynomial model
adequately captures the relationship between optimal salinity and alcohol content for the
studied systems. The negative quadratic term in the correlations indicates that the optimal
salinity initially decreases rapidly with increasing alcohol content, and then the rate of
decrease slows down. This trend is consistent with the observation that alcohols act as co-
surfactants [38], lowering the interfacial tension and shifting the optimal salinity towards
lower values. Furthermore, this observation aligns with the findings of He et al. [35], who
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reported a decrease in optimal salinity with increasing alkyl chain length in extended
surfactants. This agreement suggests that the underlying mechanism might involve the
enhanced lipophilicity of longer chains, necessitating lower salinity to achieve an optimal
balance between hydrophilic and lipophilic interactions. However, as the alcohol
concentration increases further, its effect on interfacial tension becomes less pronounced,
leading to a less steep decrease in optimal salinity. This behavior is in agreement with
previous studies on the effect of alcohol on surfactant systems, where a similar trend was
observed [39] [40].

Table 2. Correlations between optimal salinity (5*) and alcohol content

Alcohol Correlations R’

n-butanol $*=-0.577(%A)*+0.813(%A)+15.03 0.995
sec-butanol $*=-0.257(%A)*+1.099(%A)+15.03 0.972
iso-butanol S*=-0.275(%A)*+0.318(%A)+15.03 0.847
n-pentanol $*=-0.201(%A)>-3.429(%A)+15.03 0.962
iso-pentanol $*=-0.351(%A)>3.719(%A)+15.03 0.943

As described, the systems under study exhibit a water-to-oil ratio of 1:1 (R = 1), utilize
heptane as the oil phase, sodium dodecyl sulfate as the surfactant, and scan temperature of
25°C, Equation 1 can be simplified to estimate the alcohol function f(A). At the optimal
formulation, where HLDand the deviation in temperature are zero. Given that heptane has a
carbon atom number of 7 and using the previously reported characteristic parameters of the
surfactantSDS (k = 0.10 and o = -2.8)[20], these values are substituted into Equation 1.
Consequently, the simplified form of the equation becomes Equation 3.

f(A) =InS*—35 (3)

By integrating the experimental data correlating the optimal salinity (S*) with the alcohol
content from Table 2, the alcohol function for each alcohol used is presented in Table 3.
These results are graphically represented in Figure 7. The consistency in the trends found for
optimal salinity through the different techniques (laser, coalescence time, interfacial
tension) reinforce the validity of the results. This agreement provides researchers and
formulators with a robust set of tools to assess and optimize microemulsion behavior,
facilitating the development of innovative products and processes based on these versatile
systems.
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Table 3. Correlations for function alcohol

Alcohol Correlations R’
n-butanol A) = -0.0699(%A)*+0.1325(%A)-0.790 0.996
sec-butanol A) = -0.0170(%A)*+0.0721(%A)-0.790 0.965
iso-butanol A) = -0.0224(%A)*+0.0282(%A)-0.790 0.873
n-pentanol SA) = -0.0165(%A)2+0.2377(%A)-0.790 0.953
iso-pentanol /IA) = 0.0136(%A)>0.22863(%A)-0.790 0.963
3 y a gec-butanol — 18 b
/ £
J 16 o 16
o E q
~ 14 - 14
E‘ 12 _:? 12 iso-pentanol
g o
3 10 A 10
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G “ 8
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Figure 7. Effect of alcohol type and concentration on optimal formulation as /4). The lines
represent the second-order polynomial correlations

CONCLUSIONS

The experimental investigation of surfactant-oil-water-alcohol (SOW/A) systems, detailed
above, reveals a complex interplay between alcohol type, concentration, and the resulting
optimal salinity for microemulsion formation. Several key conclusions emerge, each with
significant implications for the design and optimization of microemulsion-based
formulations:

The type and concentration of alcohol significantly influence the optimal salinity in
surfactant-oil-water-alcohol systems. This finding provides formulators with a powerful tool
to tailor microemulsions for specific applications by adjusting these parameters, potentially
leading to more efficient and cost-effective formulations in fields such as enhanced oil
recovery and drug delivery.
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Intermediate-chain alcohols act as co-surfactants in SOW/A systems, enhancing the
surfactant's ability to reduce interfacial tension and form microemulsions. This co-surfactant
behavior can be exploited to reduce the amount of primary surfactant required, offering
economic benefits, and minimizing the environmental impact of formulations.For most of
the alcohols studied, the optimal salinity decreases with increasing alcohol concentration.
This relationship allows the development of $* prediction models based on alcohol content,
streamlining formulation optimization processes, and accelerating the development of new
microemulsion-based products.

A notable deviation from the linear relationship between optimal salinity and alcohol
concentration was observed with iso-pentanol. This finding emphasizes the importance of
considering the specific molecular structure of alcohols in microemulsion design, as subtle
differences can lead to significant variations in behavior. Further research into iso-pentanol's
unique properties may uncover novel formulation strategies.The formation of gels at low
alcohol concentrations highlights the importance of careful alcohol selection and
concentration control in SOW/A systems. Understanding the conditions that promote this
behavior is crucial to avoiding undesirable gelation in industrial applications, while also
suggesting potential uses for these systems in materials science.
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