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The aqueous solubility of anionic surfactants is generally limited by their Krafft point. However, the insertion of non-ionic spacers such as ethoxy or propoxy groups between the alkyl chain and the anionic head is known to improve the water solubility of these hybrid surfactants in pure water or the presence of electrolytes. In this work, the amphiphilicity of a series of ethoxylated or propoxylated sulfate surfactants is assessed by the PIT-slope method. Then, the phase behavior of these surfactants in concentrated aqueous solutions of NaCl or CaCl2 is investigated and compared with that of the typical nonionic (C12EO7) and ionic (SDS) surfactants. Surprisingly, sodium dodecyl sulfate presents a cloud point at high salinities and temperatures. Adding ethoxy or propoxy groups greatly enhances the resistance to electrolytes due to the "disordered" structure of non-ionic spacers that hinders crystallization, leading to Krafft point under 0°C. Increasing the number of hydrophilic ethoxy groups increases the salt tolerance in contrast with the decrease observed with the slightly hydrophobic propoxy groups. Finally, the salt effect of CaCl2 and Ca(NO3)2. are compared pointing out the salting-out effect of Cl -and showing a weak salting-in effect of Ca 2+ on nonionics and its strong interaction with sulfate anionic function.

INTRODUCTION

Anionic and nonionic surfactants are widely employed in end-use products, but their functional properties are generally weakened and eventually lost in hard or highly saline water. Actually, most aqueous solutions of surfactants are not salt-tolerant and precipitate or separates into two phases in the presence of concentrated electrolytes [START_REF] Stellner | Surfactant precipitation in aqueous solutions containing mixtures of anionic and nonionic surfactants[END_REF]. However, many applications areas such as detergency, personal care or petroleum extraction require surfactants that are salt-tolerant in a wide temperature range.

The solubility of anionic surfactants in water is generally limited by their Krafft temperature i.e. the melting point of hydrated surfactant crystals [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF]. Strictly speaking, the Krafft point corresponds to the intersection of the CMC curve and the Krafft boundary [START_REF] Shinoda | Solvent properties of surfactant solutions[END_REF]. As shown in figure 1, above the CMC, the temperature of the Krafft boundary attains a plateau and remains almost constant [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF]. Therefore, an approximate value of the Krafft temperature is currently determined by measuring the transition between the solid and the liquid regions at an arbitrary concentration, often 1 wt.%, of surfactant [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF]. By extension, the term "Krafft temperature" will refer here after to the temperature at which an aqueous solution of surfactant precipitates.

When anionic surfactants are in the presence of salts, their phase behavior changes [START_REF] Kunz | Specific ion effects[END_REF][START_REF] Renoncourt | Specific Alkali Cation Effects in the Transition from Micelles to Vesicles through Salt Addition[END_REF]: their Krafft temperature, and thus their water-solubility, increases or decreases depending on the nature of the electrolyte [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF][START_REF] Bales | Krafft Temperature and Micelle Ionization of Aqueous Solutions of Cesium Dodecyl Sulfate[END_REF][START_REF] Klein | Choline alkylsulfates -New promising green surfactants[END_REF][START_REF] Sharker | Interactions of Some Hofmeister Cations with Sodium Dodecyl Sulfate in Aqueous Solution[END_REF]. The salt tolerance of a given anionic surfactant is mainly governed by the strength of the interaction between the anionic group and the cation which can be rationalized by the Collin's law of "matching water affinities". According to this theory, two oppositely charged ions will associate to form inner sphere ion pairs if they have the same water affinity, i.e the same hydration type. Therefore, small cations and anions with high charge density, the so-called kosmotropes, will strongly associate, even if they are highly hydrated. Large cations and anions with low charge density, the so-called chaotropes, both weakly hydrated, will also form strong ion pairs because the hydration water is easily expelled. In contrast, the kosmotrope/chaotrope ions interaction is not favored to form close ion pairs [START_REF] Collins | Ions from the Hofmeister series and osmolytes: effects on proteins in solution and in the crystallization process[END_REF][START_REF] Collins | Ions in water: characterizing the forces that control chemical processes and biological structure[END_REF]. Vlachy et al. applied Collin's theory to colloidal systems and proposed a classification of chaotrope and kosmotrope anionic surfactants head groups, the small carboxylate being a strong kosmotrope whereas the large sulfate and sulfonate being typical chaotropes [START_REF] Vlachy | Role of the surfactant headgroup on the counterion specificity in the micelle-to-vesicle transition through salt addition[END_REF][START_REF] Vlachy | Hofmeister series and specific interactions of charged headgroups with aqueous ions[END_REF]. Although sulfate and sulfonate surfactants have approximatively the same water affinity, molecular dynamic simulation shows that cations are "closer" in the case of a sulfate head which promotes precipitation of the ion pair [START_REF] Yan | Effect of Ca 2+ and Mg 2+ Ions on Surfactant Solutions Investigated by Molecular Dynamics Simulation[END_REF].

Regarding the polyethoxylated nonionic surfactants, their solubility in water is driven by ether functions which establish hydrogen bonding with water. Increasing temperature decreases hydration of EO groups, leading at a phase separation or lower consolute temperature (LCT), called the cloud point (CP). The higher the number of EO groups or the shorter the alkyl chain, the higher the cloud point [START_REF] Mitchell | Phase behaviour of polyoxyethylene surfactants with water. Mesophase structures and partial miscibility (cloud points)[END_REF]. Most polyethoxylated nonionic surfactants do not exhibit a Krafft point since it is below the freezing temperature of water. However, those with long alkyl chain (C16 and C18) and with a number of ethoxy groups higher than 7 exhibit both a cloud point and a Krafft point. Increasing the alkyl chain length increases the Krafft point as for ionic surfactants [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants IV: Krafft points[END_REF]. Nonionic surfactants are known to be much less sensitive to salt compared to anionic surfactants, nevertheless their solubility and cloud point are also influenced by the presence of anions and cations due to the changes in the water activity [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF][START_REF] Firman | On the effect of electrolytes on the mutual solubility between water and nonionic amphiphiles[END_REF][START_REF] Goel | Critical Phenomena in the Clouding Behavior of Nonionic Surfactants Induced by Additives[END_REF][START_REF] Sharma | Study of the cloud point of C12En nonionic surfactants: effect of additives[END_REF][START_REF] Inoue | Hofmeister anion effect on aqueous phase behavior of heptaethylene glycol dodecyl ether[END_REF]. Temperature (°C) 100 water. [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF][START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants IV: Krafft points[END_REF] According to Hofmeister, ions can be classified as salting-in agents when they increase the water-solubility of organic compounds, and as salting-out agents when they decrease it [START_REF] Hofmeister | Zur Lehre von der Wirkung der Salze.Zweite Mittheilung[END_REF]. The evolution of the cloud point of nonionic surfactants in the presence of a given salt allows to point out its salting-in or salting-out effect [START_REF] Sharma | Study of the cloud point of C12En nonionic surfactants: effect of additives[END_REF][START_REF] Queste | Short chain glycerol 1-monoethers?a new class of green solvo-surfactants[END_REF][START_REF] Bauduin | Hofmeister ion effects on the phase diagrams of water-propylene glycol propyl ethers[END_REF]. Schott studied a series of technical grade polyethoxylated nonionic surfactants including Brij and Triton X-100 in the presence of various salts [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF][START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants VI: Further cloud point relations[END_REF]. According to this work, the evolution of the cloud point of a nonionic surfactant in the presence of salts correspond to the cumulative effect of each individual ion. Each ion is characterized by a cloud point shift value, taken nitrate as reference, corresponding to its ability to modify it. The main conclusion is that anions have a stronger effect than cations on the cloud point and follow the trend of the Hofmeister series: SO4 2-> OH -> F -> Cl -> NO3 -> I -> SCN -, sulfate anion being the more salting-out and thiocyanate the more salting-in. The interpretation made is that the salting-in anions act as chaotropes favoring the hydration of ethoxylated surfactants by breaking the structure of water and that the salting-out anions act as kosmotrope with the opposite effect [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF][START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants VI: Further cloud point relations[END_REF]. Small cations H + , Ag + , Li + and all di-valent and tri-valent cations act as salting-in ions because they bind to polyoxyethylene moiety, whereas Na + , K + , and Cs + act as salting-out ions because they do not complex withether groups but they decrease the activity of water by competing for available water molecules [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF][START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants VI: Further cloud point relations[END_REF].

A synergistic effect has been pointed out by mixing anionic surfactants with ethoxylated nonionics, increasing the resistance to electrolytes [START_REF] Stellner | Surfactant precipitation in aqueous solutions containing mixtures of anionic and nonionic surfactants[END_REF][START_REF] Feitosa | Mixed Micelles of the Anionic Surfactant Sodium Dodecyl Sulfate and the Nonionic Pentaethylene Glycol Mono-n-dodecyl Ether in Solution[END_REF][START_REF] Stellner | Hardness tolerance of anionic surfactant solutions. 2. Effect of added nonionic surfactant[END_REF]. These results have guided the design of nonionic/anionic hybrids surfactants in the hope of cumulating the strong hydrophilicity of anionic polar head and the salt resistance of the ethylene oxide groups. Indeed, most anionic/nonionic, i.e. hybrid surfactants have Krafft points below 0°C [START_REF] Hato | Krafft points of calcium and sodium dodecylpoly (oxyethylene) sulfates and their mixtures[END_REF] and they occasionally exhibit cloud points, but only in the presence of concentrated electrolytes and at high temperature [START_REF] Jürgenson | Alkyl Ether Carboxylate Surfactants for Chemically Enhanced Oil Recovery in Harsh Field Conditions[END_REF]. For instance, Skauge et al. have shown that the water-solubility of ethoxylated anionic surfactants in brine increases significantly from a certain number of ethoxy groups [START_REF] Skauge | Phase Behavior and Solution Properties of Ethoxylated Anionic Surfactants[END_REF]. Apart from these enhanced properties to salt resistance, the addition of an intermediate polarity group like propoxy between the alkyl chain and the hydrophilic head (anionic or ethoxylated) increases drastically the solubilisation of oils containing polar groups without alcohols cosurfactants and diminish the formation of liquid crystals [START_REF] Salager | Extended Surfactants Including an Alkoxylated Central Part Intermediate Producing a Gradual Polarity Transition-A Review of the Properties Used in Applications Such as Enhanced Oil Recovery and Polar Oil Solubilization in Microemulsions[END_REF].

Due to the practical importance of the aqueous solubility of surfactants in the presence of salts, many studies have been conducted during the last decades. Most of them concern the determination of the so-called "optimal salinity" of the Surfactant/Oil/Water systems (SOW), which is a crucial information for enhanced oil recovery since it provides ultra-low interfacial tension between the crude oil and the aqueous phase [START_REF] Levitt | Identification and Evaluation of High-Performance EOR Surfactants[END_REF][START_REF] Hsu | Improved Oil Recovery by Chemical Flood from High Salinity Reservoirs-Single-Well Surfactant Injection Test[END_REF][START_REF] Salager | Optimum Formulation of Surfactant/Water/Oil Systems for Minimum Interfacial Tension or Phase Behavior[END_REF]. On the other hand, several works investigated the precipitation of ionic and nonionic surfactants in the presence of salts [START_REF] Stellner | Surfactant precipitation in aqueous solutions containing mixtures of anionic and nonionic surfactants[END_REF][START_REF] Feitosa | Mixed Micelles of the Anionic Surfactant Sodium Dodecyl Sulfate and the Nonionic Pentaethylene Glycol Mono-n-dodecyl Ether in Solution[END_REF][START_REF] Skauge | Phase Behavior and Solution Properties of Ethoxylated Anionic Surfactants[END_REF][START_REF] Matijević | Precipitation phenomena of heavy metal soaps in aqueous solutions: I. Calcium Oleate[END_REF]. However, these results are not comparable because experiments were performed under different conditions, and there is not a quantitative classification of the different polar head groups regarding their salt-tolerance.

The first aim of this work is to assess the amphiphilicity, i.e. the effective hydrophilic/lipophilic balance of hybrid surfactants, using the PIT-slope method [START_REF] Ontiveros | A simple method to assess the hydrophilic lipophilic balance of food and cosmetic surfactants using the phase inversion temperature of C10E4/n-octane/water emulsions[END_REF][START_REF] Ontiveros | Structure-interfacial properties relationship and quantification of the amphiphilicity of well-defined ionic and non-ionic surfactants using the PIT-slope method[END_REF]. The second objective is to study and rationalize the salt-tolerance of several dodecyl surfactants with different polar head groups (ionic, nonionic or hybrids, pure or technical grade). The salt-tolerance is quantified in the presence of NaCl and CaCl2 at different temperatures in order to establish a ranking of these surfactants at 5 wt.%. This concentration was chosen as an average value between the concentration used in shampoos and detergents (up to 30 wt.%) and in enhanced oil recovery (lower than 1 wt.%) [START_REF] Ravikiran | Surfactants for enhanced oil recovery[END_REF]. The influence of salts on the cloud point of a well-defined nonionic surfactant, namely C12EO7, is first investigated. Then, we focus on hybrid surfactants with polyethoxylated or propoxylated sulfate head groups in order to assess the individual salt-effect of Cl -, Na + and Ca 2+ ions.

EXPERIMENTAL Chemicals

NaCl (99.8%), CaCl2.2H2O (≥99.0%) and Ca(NO3)2.4H2O. (≥99.0%) were received from Fischer Scientist, Fluka and Sigma Aldrich respectively. 20 wt.% of stock solutions of each salt were prepared using milliQ water (18.2, filtered with a TT apparatus). Well-defined surfactants (sodium laurate, sodium dodecyl sulfate / SDS, sodium dodecyl sulfonate, and sodium monododecyl phosphate) were used as received and provided by Acros, Alfa Aesar and TCI respectively. The technical grade surfactants, provided by Sasol and Shell, were used by adjusting the concentration to the desired value (Table 1). 

Methods

Krafft Temperature and Cloud point Surfactant solutions in brine were prepared by introducing 5 aq. wt.% of the surfactant under study in an aqueous stock solutions with 20 wt.% of various salts i.e. NaCl, CaCl2, NaNO3 or Ca(NO3)2. The Krafft temperature or the cloud point of the surfactants solutions have been measured at different salt concentration to obtain a curve representing the temperature at which the surfactant precipitates (Krafft temperature) or separates into two phases (cloud point). The salt concentration was reduced by adding the required amount of an aqueous solution of surfactant at 5 wt.%. The Krafft temperature was determined by increasing the temperature and corresponds to the temperature at which the solution of precipitated surfactant became totally soluble under stirring. The cloud point was determined by decreasing the temperature and corresponds to the temperature at which the turbid solution becomes perfectly clear. Both were measured with a maximum uncertainty of 0.5°C.

PIT-slope method

A sample containing water (mw = 4.250 g), octane (mo = 4.250 g) and the reference surfactant C10E4 (ms1= 0.263 g, 3.0 wt.%) was prepared in a 20 mL vial (d = 2.5 cm, h = 5.5 cm). The system was hand-shaken during a few seconds and left to equilibrate at room temperature.

Then the heating-cooling cycle was performed under continuous stirring at 500 rpm. The sample was firstly maintained for 10 min at initial temperature (about 12 °C below the phase inversion temperature or PIT) and then subjected to two heating-cooling cycles at a linear rate of 1 °C/min with a HUBER Ministat 125 as a temperature controller. The conductivity and temperature were simultaneously measured by a Radiometer Analytical CDM 210 conductimeter fitted with a CDC741 T platinized probe. The real time record of the data was obtained by the software Labview 7.1 National Instruments platform. Then the same experiment was repeated in the presence of increasing amounts of the studied surfactant noted S2 while the concentration of C10E4 was always adjusted to 3.0 wt.%. Equation 1 defines S2 surfactant molar fraction in the surfactant mixture.

x 2 = m S2 /MW 2 m S1 /MW 1 +m S2 /MW 2 (1) 
Finally, the profiles of conductivity versus temperature were obtained and the phase inversion temperature was calculated by the parallel tangent method described elsewhere [START_REF] Pizzino | Inversion de Phase des Emulsions: Relation avec le Comportement à l'Equilibre et Détection par Rétrodiffusion de Lumière[END_REF].

RESULTS AND DISCUSSION

Anionic surfactants including a nonionic spacer between the hydrophobic tail and the polar head such as C12EOjSO4Na and C12POjSO4Na are termed "hybrid" because they exhibit certain characteristics of ionic surfactants and nonionic surfactants. In a first step the amphiphilicity of these hybrid surfactants is assessed in aqueous solution free of salt. Then, the influence of sodium and calcium salts on the Krafft point and the cloud point of these surfactants are investigated and compared to those of the parent nonionic and anionic surfactants C12EO7 and C12SO4Na.

Amphiphilicity of hybrid surfactants

The amphiphilicity, of the hybrid surfactants reported in Table 1 was determined according to the PIT-slope method [START_REF] Ontiveros | A simple method to assess the hydrophilic lipophilic balance of food and cosmetic surfactants using the phase inversion temperature of C10E4/n-octane/water emulsions[END_REF][START_REF] Ontiveros | Structure-interfacial properties relationship and quantification of the amphiphilicity of well-defined ionic and non-ionic surfactants using the PIT-slope method[END_REF]. This method is based on the shift of the Phase Inversion Temperature (PIT) of a reference SOW system (3% C10E4/n-Octane/0.01M NaCl(aq)) when increasing amount of a second surfactant S2 is added. The phase inversion is detected by monitoring the conductivity of the stirred (C10E4 + S2)/n-Octane/0.01M NaCl(aq) system under study throughout two heating-cooling cycles. The gradual addition of a second surfactant S2 increases or decreases the PIT of the reference system, allowing the evaluation of its true Hydrophilic-Lipophilic Balance and its ranking against a series of well-defined nonionic and ionic surfactants. When the PIT increases, S2 is more hydrophilic than C10E4, and vice-versa. The PIT varies linearly as a function of the added surfactant S2, expressed as a weight percentage or a molar fraction. The slope of the PIT vs. the concentration of S2 is denoted dPIT/dC or dPIT/dx2 depending on whether the weight or the molar fraction is used for the Xaxis. The linear fit is better with non-ionic surfactants (R 2 =0.99) than with ionic-surfactants (R 2 =0.95) due to the non-ideal behavior of C10E4/ionic surfactant mixtures. One consequence of this non-ideality is that, when S2 is an ionic surfactant, there is a maximum concentration beyond which the emulsion always remains O/W even when the temperature is further increased. The PIT-slope values can be related to the parameters used in the Hydrophilic Lipophilic Deviation (HLD) model proposed by Salager that describes the influence of the main formulation variables (temperature, salinity, oil hydrophobicity, co-surfactant) on the phase behavior of SOW systems at equilibrium and on the type of emulsion obtained after stirring [START_REF] Zarate-Muñoz | A Simplified Methodology to Measure the Characteristic Curvature (Cc) of Alkyl Ethoxylate Nonionic Surfactants[END_REF][START_REF] Ontiveros | Determining the Preferred Alkane Carbon Number (PACN) of nonionic surfactants using the PIT-slope method[END_REF]. Figures 2a and2b show the evolution of the PIT values when adding different ethoxylated or propoxylated anionic surfactants. The PIT-slope data for SDS and C12EO7 are plotted for comparative purposes, and as expected, SDS shows a much higher hydrophilicity than C12EO7 (dPIT/dx and dPIT/dC are higher for SDS). The surfactant characteristic parameter (σ or Cc) intrinsically defines the contribution of the surfactant to the Hydrophilic Lipophilic Deviation (HLD) equation. SDS and C12EO7 have a "σ" coefficient of -2.6 and -0.9, respectively. The negative sign indicates that they bring hydrophilic contributions to the HLD value of the system. The fact that SDS has a much more negative value than C12EO7 indicates that SDS is more hydrophilic, in agreement with the higher PIT-slope value of SDS.

C12-13(EO)2.5SO4Na (Sasol) C12-13(PO)4SO4Na (Sasol) C12-13(PO)9SO4Na (Sasol) C12-13(EO)7SO4Na (Shell) C12-13(PO)7SO4Na (Shell) C12-13(PO)13SO4Na (Shell) As can be seen on figure 2a and2b and Table 1 all surfactants are more hydrophilic than C10E4 except C12-13-PO9SO4Na that induces a decrease of the PIT of the reference system. The ranking between the studied surfactants is almost similar for both scales. Although the molar values are preferred to the weight values for the physicochemical rationalization, the approximate composition of the technical grade surfactants provides only an average value of their molar weights. For each supplier separately, the measured PIT-slopes are consistent with the molecular structures, i.e. the increase in the number of propoxy groups diminishes the PIT-slopes compared to the SDS value. For the samples from Sasol, increasing the propoxy groups from 4 to 9 diminishes the dPIT/dC value from 63.9°C to -3°C. For the C12- [START_REF] Salager | Extended Surfactants Including an Alkoxylated Central Part Intermediate Producing a Gradual Polarity Transition-A Review of the Properties Used in Applications Such as Enhanced Oil Recovery and Polar Oil Solubilization in Microemulsions[END_REF][START_REF] Miñana-Perez | Solubilization of polar oils with extended surfactants[END_REF]. The shift from negative to positive values of "σ" increasing the number of propoxy groups indicates their lipophilic contribution to the surfactant.

However, when technical grade surfactants from different suppliers are compared, the rationalization of the influence of structural groups is less obvious. Indeed, approximate formulas given by the suppliers actually correspond to a complex mixture of oligomeric surfactants as well as unreacted or partially reacted chemicals (starting alcohols, polyethylene-or polypropylene-glycol, non-sulfated surfactants, etc…) as stated by Salager et al. in a review about extended surfactants [START_REF] Salager | Extended Surfactants Including an Alkoxylated Central Part Intermediate Producing a Gradual Polarity Transition-A Review of the Properties Used in Applications Such as Enhanced Oil Recovery and Polar Oil Solubilization in Microemulsions[END_REF]. Moreover, the differences in the alkyl chain (linear, branched, mixture) depending on the starting alcohol are extremely important [START_REF] Salager | Extended Surfactants Including an Alkoxylated Central Part Intermediate Producing a Gradual Polarity Transition-A Review of the Properties Used in Applications Such as Enhanced Oil Recovery and Polar Oil Solubilization in Microemulsions[END_REF][START_REF] Hammond | On the Characteristic Curvature of Alkyl-Polypropylene Oxide Sulfate Extended Surfactants[END_REF][START_REF] Acosta | The HLD-NAC Model for Extended Surfactant Microemulsions[END_REF][START_REF] Nguyen | Application of the Hydrophilic-Lipophilic Deviation Concept to Surfactant Characterization and Surfactant Selection for Enhanced Oil Recovery[END_REF] and changes the surfactant amphiphilicity. This issue is particularly well illustrated by comparing the two surfactants C12-13-(EO)7SO4Na and C12-13-(PO)7SO4Na (both from Shell). According to their structures, the PIT-slope for the ethoxylated surfactant should be higher than the propoxylated one, when in fact they are almost similar. It should be noted that for all surfactants, except C12-13-(PO)9SO4Na, the PIT-slope values are positive and there is a limiting concentration of the second surfactant that cannot be exceeded, because the emulsion retains its initial O/W morphology when raising the temperature. For C12-13-(PO)9SO4Na the system can be inversed no matter the added concentration, contrary to results published until now for ionic surfactants with similar alkyl chains [START_REF] Ontiveros | Structure-interfacial properties relationship and quantification of the amphiphilicity of well-defined ionic and non-ionic surfactants using the PIT-slope method[END_REF][START_REF] Häckl | Carnitine alkyl ester bromides as novel biosourced ionic liquids, cationic hydrotropes and surfactants[END_REF]. The negative PIT-slope value for this surfactant suggests the presence of significant amount of a fairly hydrophobic amphiphile as impurity that drastically influences its behavior at the interface. The most likely possible impurities are non-sulfated propoxylated alcohol and, to a lesser extent, the starting alcohol [START_REF] Salager | Extended Surfactants Including an Alkoxylated Central Part Intermediate Producing a Gradual Polarity Transition-A Review of the Properties Used in Applications Such as Enhanced Oil Recovery and Polar Oil Solubilization in Microemulsions[END_REF][START_REF] Holmberg | Surfactants and Polymers in Aqueous Solution[END_REF]. These unexpected results show, once again, the necessity of having an objective measure of the true amphiphilicity of industrial surfactants rather than relying on their HLB values usually calculated from their approximate molecular formula.

Salt tolerance of well-defined C12 surfactants

In order to highlight differences and to give a ranking of polar head groups, the salt-tolerance of surfactants has been measured at 25°C (ST25). Furthermore, the Krafft temperature without salt (KP0) or with 10 wt.% of salt (KP10) and the cloud point at 20 wt.% of salt (CP20) have been determined in the same way (cf. Figure 3).

Salt tolerance of anionic surfactants

Krafft temperature of anionic surfactants

The Krafft temperature of technical grade surfactants is usually determined at 1 wt.% [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF] and corresponds to the temperature at which a precipitated surfactant become a micellar solution.

As pointed out in the introduction, in this work, we used 5 wt.%. as concentration of the surfactants. It can be observed, by comparing the Krafft temperature of surfactants obtained from the literature at 1 wt.% and those measured at 5 wt.% (table 3), that the latest are higher (i.e. 20.5°C vs. 17°C for SDS [START_REF] Rosen | Surfactants and interfacial phenomena[END_REF] and 35°C vs. 25°C for sodium laurate) as expected. When higher concentration of surfactant is used, the solubilisation temperature increases. At 25°C and 5 wt.%, sodium laurate, sodium dodecyl sulfonate and sodium monododecyl phosphate are not entirely soluble in water. The precipitation of ionic surfactants below the CMC can be described as the strongly temperature-dependent equilibrium occurring between the hydrated surfactant crystals (NaDS(s)) and the water-soluble monomeric surfactant (Na + (aq)+DS -(aq)). Above the CMC, as it is the case in this study, a second equilibrium exists between the monomeric surfactants and the micelles (Na + βDS -(mic)). These equilibriums can be seen through the following equations:

Below the CMC Na + (aq)+DS -(aq) ↔ NaDS(s) (2) 
Above the CMC Na + (aq) +DS -(aq) ↔ NaDS(s) (3) βNa + (aq) +DS -(aq) ↔Na + βDS -(mic) (4) Where Na + is the surfactant counter-ion and "β" the fraction of anionic surfactant monomers in the micelles to which such a counterion is bound [START_REF] Stellner | Hardness tolerance of anionic surfactant solutions. 1. Anionic surfactant with added monovalent electrolyte[END_REF]. When the temperature is higher than TKrafft, only equilibrium 4 takes place. However, when a cation is added, it interacts with the water soluble monomers and displaces the equilibrium occurring between the crystals and the monomers and/or replace the sodium at the micelles surface [START_REF] Stellner | Hardness tolerance of anionic surfactant solutions. 2. Effect of added nonionic surfactant[END_REF][START_REF] Stellner | Hardness tolerance of anionic surfactant solutions. 1. Anionic surfactant with added monovalent electrolyte[END_REF].

Salt effect on Krafft temperature of SDS

For anionic surfactants, increasing the concentration of salts acting as salting-out agents, increases the Krafft temperature [START_REF] Laughlin | The Aqueous Phase Behavior of Surfactants[END_REF][START_REF] Klein | Choline alkylsulfates -New promising green surfactants[END_REF]. Therefore, to have a clear overview of the salt tolerance of surfactants, it is necessary to consider simultaneously the salt and the temperature effects. Figure 4a shows the effect of NaCl and CaCl2 on the Krafft temperature and the cloud point of two typical ionic and non-ionic surfactants, namely SDS and C12EO7, respectively.

As can be seen on Figure 4a, and as expected from previous works [START_REF] Klein | Choline alkylsulfates -New promising green surfactants[END_REF][START_REF] Hato | Krafft points of calcium and sodium dodecylpoly(oxyethylene) sulfates and their mixtures[END_REF], the addition of Na + and Ca 2+ do not have the same effect on the Krafft temperature of the SDS. As in our experimental conditions SDS is more concentrated (5 wt.%) than the 1 wt.% data reported in the literature [START_REF] Hato | Krafft points of calcium and sodium dodecylpoly(oxyethylene) sulfates and their mixtures[END_REF][START_REF] Klein | Choline alkylsulfates -New promising green surfactants[END_REF], the temperatures of the solubility boundaries are higher. The addition of NaCl to the system modify the equilibrium described by equations 2 and 3, diminishing the CMC [START_REF] Baviere | Calcium effect on the solubility of sodium dodecyl sulfate in sodium chloride solutions[END_REF] by screening the charges. A sharp increase in viscosity starting at 7.5% NaCl, when the solubility boundary is reached, indicates the conversion of spherical micelles into wormlike micelles. In that sense, Berr et al. [START_REF] Berr | Effect of added sodium and lithium chlorides on intermicellar interactions and micellar size of aqueous dodecyl sulfate aggregates as determined by small-angle neutron scattering[END_REF] indicate that the aggregation number of SDS (0.05M/1.4 wt.%) passes from 54 without salt to 989 at 0.5M (2.9 wt.%) NaCl and Hayashi et al. [START_REF] Hayashi | Micelle Size and Shape of Sodium Dodecyl Sulfate in Concentrated NaCl Solutions[END_REF] reported that rodlike micelles of SDS are present at concentrations of NaCl higher than 0.45M.

When the NaCl concentration exceeds 14%, the (solid + liquid) phase gives two liquid phases above the Krafft point border, with a surfactant-rich upper phase above a salt-rich lower phase. This phase behavior is somewhat analogous to the cloud point phenomenon occurring with polyethoxylated nonionic surfactants. Cloud points have already been barely reported for anionic [START_REF] Mukherjee | Clouding behaviour in surfactant systems[END_REF] and cationic surfactants [START_REF] Appell | Cloud points in ionic surfactant solutions[END_REF][START_REF] Raghavan | Cloud-Point Phenomena in Wormlike Micellar Systems Containing Cationic Surfactant and Salt[END_REF] on addition of salts with a hydrophobic counterion as sodium tosylate [START_REF] Raghavan | Cloud-Point Phenomena in Wormlike Micellar Systems Containing Cationic Surfactant and Salt[END_REF]. The clouding phenomena has been also reported for SDS [START_REF] Kumar | Temperature-[Salt] Compensation for Clouding in Ionic Micellar Systems Containing Sodium Dodecyl Sulfate and Symmetrical Quaternary Bromides[END_REF] and sodium dodecyl benzene sulfonate [START_REF] Rout | Cloud point and microemulsion phase behavior of sodium linear alkylbenzene sulfonate with tetrabutyl-and benzyltributyl-substituted ammonium halides[END_REF] in presence of tetra-n-butyl ammonium, but also for tetra-n-butyl ammonium dodecyl sulfate alone [START_REF] Zana | Effect of the nature of the counterion on the properties of anionic surfactants. 3. Self-association behavior of tetrabutylammonium dodecyl sulfate and tetradecyl sulfate: clouding and micellar growth[END_REF]. The increase of the micelles sizes when the NaCl concentration rises results from charges screening. The electrostatic repulsion of charged head groups diminishes gradually and the packing parameter increases. Therefore, spherical micelles became rodlike micelles, producing the observed viscosity increases. Eventually, the increase of temperature desolvates enough the ionic heads to causes a phase separation. Shinoda et al. [START_REF] Shinoda | Ionic surfactants applicable in the presence of multivalent cations. Physicochemical properties[END_REF] suggested that, in this case, the aggregation number is "infinite": micelles evolve to a liquid surfactant rich phase as reported for the (C12E1SO4)2Ca by adding CaCl2.

In contrast to Na + , the divalent cation Ca 2+ significantly increases the Krafft temperature, even at very low concentrations (< 2 wt.%). Such differences result from the interaction of Ca 2+ with two DS anions to form insoluble salt (as represented by the equation 5) but also because Ca 2+ can partially replace the sodium at the surface of the micelles (equation 6)

2DS -(aq) + Ca 2+ (aq) ↔ CaDS2(s) (5) β'Ca +2 (aq) + Na + βDS -(mic)↔Ca +2 β'DS -(mic)+βNa + (aq) [START_REF] Bales | Krafft Temperature and Micelle Ionization of Aqueous Solutions of Cesium Dodecyl Sulfate[END_REF] The dimer CaDS2 requires a higher temperature than SDS to be solubilized. Indeed, the Krafft temperature (1 wt.%) of pure calcium dodecyl sulfate is 50°C [START_REF] Hato | Krafft points of calcium and sodium dodecylpoly (oxyethylene) sulfates and their mixtures[END_REF][START_REF] Miyamoto | The effect of metallic ions on surface chemical phenomena. III. Solubility of various metal dodecyl sulfates in water[END_REF]. When the temperature reaches the Krafft temperature value of the CaDS2 the increases of the solubility temperature is less pronounced. Additional CaCl2 produces solid CaDS2 but when the "solubility" boundary is reached, the calcium electrostatic binding to the micelles is clearly favored. Analogous to the NaCl effect, the more concentrated solutions of CaCl2 (>12.5 wt.%) produce two phases behavior when the solid solubilizes.

Salt tolerance of polyethoxylated nonionic surfactants

Krafft temperature and cloud point of nonionic surfactants

The aqueous solution of C12EO7 at 5 wt.% does not show any Krafft point. Its dodecyl chain does not allow the crystallization phenomena occurring with longer chains [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants IV: Krafft points[END_REF]. This surfactant exhibits a cloud point at 63.9°C, close to reported values in the literature [START_REF] Rosen | Surfactants and interfacial phenomena[END_REF][START_REF] Deguchi | The effects of inorganic salts and urea on the micellar structure of nonionic surfactant[END_REF]. At this particular temperature, hydrogen bonds between the ethers and the water molecules are no longer sufficient to ensure the miscibility of surfactant with water. The micelle size increases from spherical to rod-like and the intermicellar interaction causes the separation of a surfactant rich phase from water [START_REF] Corti | Cloud point transition in nonionic micellar solutions[END_REF][START_REF] Glatter | Nonionic Micelles near the Critical Point: Micellar Growth and Attractive Interaction[END_REF].

Salt effect on Cloud point of C12EO7

According to the results shown in Figure 4b, both NaCl and CaCl2 decrease the cloud point of C12EO7, which highlight their salting-out properties. However, the two chlorides salts have not the same salting out strength. At 20 wt.% of NaCl, the cloud point of C12EO7 is 26.3°C and at the same weight of CaCl2 it is 45.5°C (Table 2). Even if the concentration of the salts is expressed in weight percentage (molecular weight of NaCl is twice as low as CaCl2), it is possible to conclude that sodium salt has a higher salting-out power than calcium salt. On molar basis, the tendency remains. This behavior has already been observed by Schott et al. for technical grade nonionic surfactants [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF][START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants VI: Further cloud point relations[END_REF][START_REF] Schott | Salting in of nonionic surfactants by complexation with inorganic salts[END_REF]. Their results showed that Ca 2+ has a positive effect on the solubility of nonionic surfactant since it is able to complex the ether linkages of polyethoxylated surfactants, increasing their cloud point.

Actually, for the deca(ethylene glycol) octylphenol Schott et al. found cloud point shift values of -10.5 °C, +2°C and -6°C for Cl -, Ca 2+ and Na + , respectively. These values pointed out the ability to decreases (negative values) or to increase (positive values) the cloud point and quantifying their salting-out and salting-in properties. The observed decrease of cloud point adding CaCl2 to C12EO7 is due to the kosmotrope Cl -which promotes the water selfassociation diminishing the hydration of C12EO7. The anion effect is stronger than the cation effect [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF]. In the case of NaCl, Na + does not complex the ether group but as Cl -, it decreases the cloud point. These results verify that the salting-out or salting-in strength of a salt corresponds to the sum of the effect of each ion.

Salt tolerance of hybrid anionic/nonionic surfactants

Since the 70's, the anionic/nonionic surfactants are widely studied and used in formulations since they cumulate some advantages of anionic (good foaming properties) and nonionic surfactants (weak sensivity toward cations). They are often present into personal and home care products [START_REF] Holmberg | Handbook of applied surface and colloid chemistry[END_REF][START_REF] Myers | An Overview of Surfactant Science and Technology[END_REF] like sodium lauryl ether sulfate (SLES) and also in enhanced oil recovery formulations [START_REF] Barnes | Development of Surfactants for Chemical Flooding at Difficult Reservoir Conditions[END_REF][START_REF] Puerto | Surfactant Systems for EOR in High-Temperature, High-Salinity Environments[END_REF][START_REF] Puerto | Effects of Hardness and Cosurfactant on Phase Behavior of Alcohol-Free Alkyl Propoxylated Sulfate Systems[END_REF][START_REF] Wu | Branched Alkyl Alcohol Propoxylated Sulfate Surfactants for Improved Oil Recovery[END_REF] like alkyl propoxylated sulfate and long chain ethoxylated alkyl sulfates. As shown first by Shinoda et al., the introduction of nonionic spacers such as EO or PO groups decreases significantly the Krafft temperature of sodium and calcium salts [START_REF] Hato | Krafft points of calcium and sodium dodecylpoly(oxyethylene) sulfates and their mixtures[END_REF][START_REF] Shinoda | Ionic surfactants soluble in hard water and in hydrocarbons: behavior of organized surfactant solutions as a function of the hydrophilic-lipophilic balance[END_REF]. In addition of being soluble at low temperature unlike SDS, propoxylated sulfate surfactants also present good detergency properties since their CMC is lowered when the number of nonionic moiety increases [START_REF] Miñana-Perez | Solubilization of polar oils with extended surfactants[END_REF][START_REF] Fernández | Synthesis of new extended surfactants containing a carboxylate or sulfate polar group[END_REF].

Salt effect on the aqueous behavior of ethoxylated and propoxylated sulfates

The Krafft temperature of all ethoxylated and propoxylated sodium dodecyl sulfates studied are below 0°C. The temperature decreases compared to the "reference" SDS ( KP = 20.5 °C at 5wt.%) upon addition of OE or PO groups as previously reported in the literature [START_REF] Hato | Krafft points of calcium and sodium dodecylpoly(oxyethylene) sulfates and their mixtures[END_REF][START_REF] Shinoda | Ionic surfactants soluble in hard water and in hydrocarbons: behavior of organized surfactant solutions as a function of the hydrophilic-lipophilic balance[END_REF]. By adding NaCl or CaCl2, no Krafft temperature was observed but, from a certain amount of salt, the solubility of these surfactants decreases by increasing the temperature as shown in Figure 5. Two phases are then observed and this behavior is similar to the cloud point phenomena of nonionic surfactants (figure 4.b). The hybrid nonionic/anionic surfactants are therefore sensitive to dehydration because of their ether functions. Figure 5 shows the salt tolerance of weakly (2.5) or highly [START_REF] Klein | Choline alkylsulfates -New promising green surfactants[END_REF] ethoxylated and propoxylated sodium dodecyl sulfates. In absence of salt, grafting a sulfate ionic head onto CiEOj surfactants vanishes the cloud point by increasing the water-affinity of the surfactant. Thus, C12EO7 exhibits a cloud point of 63.9°C, whereas C12-13(EO)7SO4Na and C12-13(PO)7SO4Na do not show any cloud point below 90°C. For ethoxylated or propoxylated anionic and nonionic surfactants, the higher the salting-out concentration, the lower the cloud point [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants: VII. Cloud point shift values of individual ions[END_REF][START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants VI: Further cloud point relations[END_REF][START_REF] Klaus | Hydrotrope-Induced Inversion of Salt Effects on the Cloud Point of an Extended Surfactant[END_REF]. The comparison of C12EO7 (figure 4b) and C12-13(EO)7SO4Na (figure 5b), which have almost the same alkyl chain, allows to highlight the effect of the hybrid structure on the salt tolerance. The nonionic/anionic surfactant is much more salt tolerant (towards both NaCl and CaCl2) than the corresponding nonionic C12EO7. It has the advantage to be watersoluble in a broader range of salt concentrations and temperatures than C12EO7. When C12EO7 is compared to C12-13(PO)7SO4Na, the salt resistance is higher for the propoxylated anionic surfactant just at low concentrations of NaCl and CaCl2 (2% and 1%, respectively), where higher temperatures are reached without clouding phenomena. However, at higher concentrations of salt, C12EO7 is more salt-resistant than C12-13(PO)7SO4Na. The water affinity of PO in presence of sulfate is lower than EO groups alone and its decrease when the salting out concentration is higher.

By comparing the salt tolerance of the three dodecyl sulfates at 25°C, it is obvious that the introduction of nonionic spacers increases the NaCl tolerance and even more the CaCl2 tolerance for C12-13(EO)7SO4Na. Indeed, according to the results of table 2, C12EO7SO4Na remains totally soluble at room temperature, even at 20 wt.% of NaCl and CaCl2. In the case of C12-13(PO)7SO4Na, the cloud point is 25°C when the concentrations of NaCl and CaCl2 are 4.9 and 1.7 wt.% respectively, whereas the SDS precipitate at lower amounts of salt due to the strong interaction between the sulfate ionic head and the cations.

It is worth to point out that even a low number of ethoxy groups are sufficient to favor the cloud point phenomena over the precipitation. In the case of SLES, the introduction of 2.5 ethylene oxide groups increases significantly its tolerance toward mono-and di-valent cations. According to figure 5a, SLES has approximatively the same tolerance toward NaCl and CaCl2 when the concentration is expressed in aqueous weight percentage. The presence of 2.5 EO is enough to overcome the unfavorable interaction between Ca 2+ with the anionic charge -SO4 2-. This result suggests that the salt-tolerance of ethoxylated sulfates is driven by the interactions between the cations and the ether functions as it has already been suggested by molecular dynamics [START_REF] Chen | Improvement of Ca2+-tolerance by the introduction of EO groups for the anionic surfactants: Molecular dynamics simulation[END_REF].

Influence of the number of ethoxylated and propoxylated groups on the saltbehavior of sulfates surfactants.

In order to clarify the influence of the EO and PO groups, the salinity required to obtain a cloud point of 25°C for different dodecyl propoxy and ethoxy sulfates is represented in figure 6. When the number of EO or PO groups is zero (black triangle and square), the surfactant corresponds to SDS. It has no cloud point but has a Krafft temperature as it precipitates at 25°C in the presence of 2 wt.% of NaCl and 0.5 wt.% of CaCl2 [START_REF] Shinoda | Ionic surfactants capable of being used in hard water[END_REF]. The insertion of several ethoxy and propoxy groups within the structure of alkyl sulfates lowers Krafft temperature below 0°C and have opposite effects on their solubility and salt-tolerance [START_REF] Bauduin | Hofmeister ion effects on the phase diagrams of water-propylene glycol propyl ethers[END_REF]. The salt tolerance increases dramatically with the number of ethylene oxide groups whereas propoxy groups decrease it.

As previously discussed, NaCl and CaCl2 are salting out agents which means that they decrease water activity and the hydration of ether moiety. In the case of ethoxylated sulfates, the greater the number of hydrophilic EO groups, the higher the amount of salt needed to trigger phase separation, whereas the reverse trend is observed for the weakly hydrophilic PO groups [START_REF] Miñana-Perez | Solubilization of polar oils with extended surfactants[END_REF]. Similar results have been observed in ternary Surfactant/Oil/Water (SOW) systems by Barnes et al. who studied the optimal salinity in water-octane systems using alkyl alkoxylated glycidyl sulfonates (with ethoxy or propoxy groups). They showed that, for a given chain length, the optimal salinity of the SOW systems increases when the number of EO increases and decreases when the number of PO increases [START_REF] Puerto | Surfactant Systems for EOR in High-Temperature, High-Salinity Environments[END_REF]. Similar trends are also reported by Miñana [START_REF] Miñana-Perez | Solubilization of polar oils with extended surfactants[END_REF] and Hammond [START_REF] Hammond | On the Characteristic Curvature of Alkyl-Polypropylene Oxide Sulfate Extended Surfactants[END_REF] with extended surfactants in SOW systems. It can be noticed here that knowing the salt tolerance in water of a homologous series of surfactants is an important information in order to anticipate the phase behavior of ternary SOW systems in the presence of salt. Therefore, the selection of suitable surfactant for solubilizing an oil in brine or hard water is greatly facilitated.

Calcium effect on the aqueous behavior of surfactants

In order to elucidate the influence of calcium ions "separately" from the chloride influence, the effects of calcium nitrate (Ca(NO3)2) on different aqueous solutions of 5 wt.% dodecyl sulfates (ethoxylated, propoxylated) were studied. Nitrate does not complex the ethoxy groups and its behavior is between the chaotrope and kosmotrope agents. This anion does not participate in the cloud point evolution and, consequently, the use of the calcium nitrate salt allows to assess the effect of Ca 2+ alone [START_REF] Schott | Effect of inorganic additives on solutions of nonionic surfactants VI: Further cloud point relations[END_REF][START_REF] Andr | Quantative Lyotropy[END_REF]. Figure 7 shows the evolution of the Krafft temperature of SDS (a) or cloud point of C12EO7 and hybrid surfactants (b,c,d) vs the molar ratio of Ca 2+ /surfactant. The difference between the anion effect of NO3 -and Cl -on the Krafft temperature of SDS (Fig. 7a) is negligible compared to the effect on the cloud point of C12EO7. Indeed, figure 7b shows that Ca 2+ slightly increases the cloud point of C12EO7 acting as a weak salting-in agent. But when associated to the chloride anion, the global effect of CaCl2 remains a salting out agent which highlights the major effect of Cl -. Considering C12-13(EO)7SO4Na with a long polyethoxylated spacer (Fig. 7d), there is no cloud point on adding Ca(NO3)2 in the studied range of concentration (up to a molar ratio of Ca 2+ /surfactant of 35). This suggests heavily that, for long ethoxylated anionic surfactants, Ca 2+ interacts preferentially with the ethoxy groups and weakly with the sulfate group. In presence of Cl -, a cloud point appears due to the salting out strength of this anion.

Regarding the weakly ethoxylated sulfate (C12(EO)2.5SO4Na) the behavior is in between of the pure non-ionic surfactant and the highly ethoxylated sulfate i.e. Ca 2+ decreases its cloud point. For all temperatures the salinity resistance of the surfactant is higher towards nitrate than towards chloride salts.

CONCLUSION

The aqueous behavior of different dodecyl surfactants was studied in order to determine and to compare their amphiphilic behavior and salt-tolerance. The amphiphilicity of hybrid sulfate surfactants was quantified using the PIT-slope method and all ethoxy or propoxylated sulfate surfactants have lower PIT-slope than SDS. General trends like the decrease of hydrophilicity increasing the number of propoxy groups can be deduced, however comparing technical grade surfactants from different suppliers is somewhat puzzling probably due to the complexity of their composition. For anionic surfactants, their Krafft temperature in presence of 10 wt.% NaCl, follows the same tendency that the systems without salt except for the sodium monododecyl phosphate, probably due to the fact that this sample is a mixture of mono and di-sodium salt. Their salt-tolerance to NaCl follows this order: -SO4Na > -SO3Na > -PO4Na2/-PO4HNa When the concentration of salt (NaCl or CaCl2) increases, the Krafft temperature also increases and for SDS, the increase of viscosity can be explained by the formation of wormlike micelles. At higher salt concentrations and temperatures, the hydrated crystals↔monomers↔micelles equilibria shift and there are 2 liquid phases in equilibrium: an upper surfactant-rich phase and a lower salt-rich phase. This behavior is analogous to the cloud point phenomena occurring with non-ionic polyethoxylated surfactants [START_REF] Rosen | Surfactants and interfacial phenomena[END_REF], and has been described for few ionic surfactants [START_REF] Mukherjee | Clouding behaviour in surfactant systems[END_REF] , but never for SDS with NaCl or CaCl2.

The addition of ethoxy or propoxy groups between the alkyl chain and the ionic polar head greatly enhances both the tolerance to NaCl and CaCl2. These non-ionic spacers change the behavior of the surfactant in aqueous solution that evolves from the hydrated crystals↔monomers↔micelles equilibria to the cloud point phenomena observed in typical non-ionic surfactants as C12E7. The "disordered" structure of non-ionic spacers hinder the crystallization, decreasing the Krafft temperature under 0°C and increasing their salt resistance by the interaction of cations such as Ca 2+ and the ether groups. As for non-ionic surfactants, the influence of salt anion is not negligible in hybrid surfactants, and the saltingout effect of chloride anion is highlighted when comparing the CaCl2 and Ca(NO3)2 effect on the cloud point of C12(EO)7SO4Na: there is no cloud point (> 90°C) when calcium nitrate is added even at a molar ratio of 35 respect to the surfactant. The increase of ethoxy groups enhances the salt-resistance contrary to the increase of propoxylated groups that diminishes it.
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 1 Figure 1. Schematic representation of binary phase diagram of a polyethoxylated nonionic surfactant in

Figure 2 .

 2 Figure 2. Phase inversion temperature (PIT) of the 3% C10E4/n-Octane/0.01M NaCl(aq) system at fw=0.5 on increasing amount of the surfactant S2 expressed either in weight concentration (a) or inmolar fraction (b).

Figure 3 .

 3 Figure 3. General schemes representing the measured experimental values. Left: nonionic or ethoxypropoxylated anionic surfactant. Right, anionic surfactant.

Figure 4 .

 4 Figure 4. Phase diagrams of aqueous solutions of surfactants at 5 wt.% showing the influence of NaCl (•) and of CaCl2 (•) on the Krafft temperature and the cloud point of SDS (a) and C12EO7 (b). Blue areas indicate the onephase regions in which the surfactants are completely soluble into the aqueous solution of CaCl2. The 2Ф regions indicate the presence of two liquid phases at equilibrium.

Figure 5 .

 5 Figure 5. Influence of NaCl (•) and CaCl2 (•) on the cloud point of ethoxylated and propoxylated sulfates surfactants at 5 wt.%. a) C12(EO)2.5SO4Na (b) C12(EO)7SO4Na, (c) C12(PO)7SO4Na. Blue area indicates the zone in which the surfactant is completely soluble into the aqueous solution of CaCl2.

Figure 6 .

 6 Figure 6. Salt concentration required to obtain a cloud point of 25°C as a function of the number of ethoxy (red) and propoxy (blue) groups on solution of alkyl ethoxy/propoxy sulfates (5 wt.%). NaCl ( ) and CaCl2 ( ).

Figure 7 .

 7 Figure 7. Evolution of the Krafft temperature (a) and cloud point (b,c,d) with the molar Ca 2+ /surfactant ratio. (a) SDS (b) C12EO7 (c) C12-13(EO)2.5SO4Na, (d) C12-13(EO)7SO4Na. Green lines correspond to Ca(NO3)2 and show the effect of Ca 2+ alone. Red lines correspond to CaCl2 and show the contribution of Ca 2+ and Cl -. Blue area indicates the zone in which the surfactant is completely soluble into the aqueous solution of CaCl2. Concentration of all surfactants is 5 wt.%.

Table 1 . Suppliers and purities of studied surfactants Surfactant Structure Supplier Purity (%)

 1 

	Heptaethylene glycol monododecyl ether (C12EO7)	TCI	> 95
	Sodium Dodecyl Sulfate (SDS)	Acros	99
	Marlinat 242/70	Sasol	90
	Enordet J071	Shell	26
	Alfoterra 123-4S-90	Sasol	89
	Enordet J771	Shell	30
	Alfoterra 123-9S-90	Sasol	90
	Enordet J13131	Shell	27

Table 2 .

 2 Cloud Point, salt-tolerance towards NaCl and CaCl2 at 25°C and PIT-slopes of the studied surfactants.

		CP0	ST25 (wt.%)	CP20(°C)		
	Surfactant	Structure						
		(°C) NaCl CaCl2 NaCl CaCl2	(°C/wt.%)	(°C)
	C12EO7	63.9	> 20	> 20	26.3	45.5	11	63
	SDS	> 90	2.0	< 0.5	-	-	188	499
	Marlinat 242/70	> 90	9.9	9.4	< 0	< 0	91.3	351
	Enordet J071	> 90	19.7	> 20	24.7	53.0	37.5	218
	Alfoterra 123-4S-90	> 90	5.8	2.5	< 0	< 0	63.9	310
	Enordet J771	> 90	4.4	1.7	< 0	< 0	32.9	225
	Alfoterra 123-9S-90	> 90	3.4	0.3	< 0	< 0	-2.1	-18.8
	Enordet J13131	> 90	2.2	< 0.1	< 0	< 0	16.8	178

CP0: Cloud point measured at 5 wt.% of surfactant without salt CP20: Cloud point measured at 5 wt.% of surfactants and 20 wt.% of salt ST25: maximum wt.% of salt without precipitation at 25°C (a value higher than 20 wt.% of salt means that the surfactant is completely soluble at this salt concentration)

  [START_REF] Witthayapanyanon | Hydrophilic-lipophilic deviation (HLD) method for characterizing conventional and extended surfactants[END_REF] compared 4 surfactants CxPOyEOzSO4Na and they found that increasing the number of propoxy groups from 3 to 8 diminished their hydrophilicity as the surfactant characteristic parameter (σ or Cc) in the HLD model passes from -1.77 to -0.78. Salager et al. reported a change from -1.43 to 1.21 when the number of propoxy groups passes from 6 to 14 in the C12POyEO2SO4Na

13(PO)13SO4Na sample from Shell the dPIT/dC is 16.8°C, a consistent value compared to 32.9°C for the hybrid surfactant with 7 propoxy groups. Our results confirm the tendency already reported in literature for Sasol and Seppic surfactants.

Witthayapanyanon et al. 

Table 3 .

 3 Krafft temperature and salt-tolerance of a serie of anionic surfactant towards NaCl and CaCl2.

	Surfactant	Structure	Purity (%)	CMC (wt.%)	KP0 (°C)	ST25 (aq. wt.% of salt) NaCl CaCl2 NaCl CaCl2 KP10(°C)
	Sodium laurate	C11H23-COONa	98	0.556 (25°C)[49]	35	-		60	> 90
	Sodium dodecyl sulfonate	C12H25-SO3Na	99	0.272 (40°C) [50]	38	-		55	> 90
				0.236					
	SDS	C12H25-SO4Na	>98	(25°C)[48]	20.5	2.0	< 0.5	40	62
	Sodium monododecyl phosphate	C12H25-PO4Na2 C12H25-PO4HNa	Mixture	-	30	-		> 90	> 90
	KP0: Krafft temperature measured at 5 wt.% of surfactant without salt					
	KP10: Krafft temperature measured at 5 wt.% of surfactant and 10 wt.% of salt				
	ST25: maximum wt.% of salt without precipitation at 25°C					
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