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Introduction

Liquid water, as we know it in the normal conditions of temperature and pressure, is a strong polar solvent. This property designates water as a very good solvent for inorganic salts such as alkali and metallic salts or complexes, and a very bad one for organic compounds (oils, petroleum derivatives, polymers. . . ). But in particular conditions of high temperature and pressure (374°C, 22.1 MPa), water becomes supercritical, meaning a single phase is formed between liquid and vapor (c.f. Figure 1), resulting in intermediate properties (c.f. Figure 2).

One of these particularities is that the water polarity collapses, leading to an overturn of the solubility abilities. More precisely, the polarity of a compound is mainly quantied with its dielectric constant ε which decreases quickly with the temperature. This leads to the supercritical water polarity to be as low as non-polar solvents (like hexane. . . ) so that water can now easily dissolve organic compounds, but with the drawback of inorganic precipitation. This is the foreground for the Supercritical Water Oxidation process (SCWO). Once the organic components of the waste have been dissolved, liquid oxygen is introduced in order to oxidize most of the compounds into basic inert molecules. The drawback of this phenomenon is that most of the inorganic compounds become nonsoluble in the media, leading to a massive precipitation into solids which can induce plug formation inside the * cyril.aymonier@icmcb.cnrs.fr The aim of this review is to sum up the experimental methods that have been developed in order to measure salt solubility in sub-and supercritical water as well as the theoretical modelling proposed for predictive calculation. After a short presentation of the SCWO processes and technologies, the notion of salt types will be introduced in a second part regarding water-salt equilibria.

Consecutively, the third part concerns experimental setups for salt solubility measurement, with a historical review of the research in the eld and a summary of all the solubility data available in sub-and supercritical water.

Then, a part concerning salt mixtures and the inuence on solubility will follow. And the last part will present the dierent theoretical and semi-empirical models for predictive calculation of inorganic salt solubility in suband supercritical conditions. The principle of the process is to take advantage of the properties of supercritical water, which is both a good solvent of organic molecules. In order to assure a complete oxidation, liquid oxygen, air, or hydrogen peroxide is also injected in the process. The working conditions are usually a pressure of 25 MPa and temperatures from 300°C to up to 600°C.

One of the advantages of the SCWO process is that it does not produce fumes or ashes, but mainly pure gases (CO 2 , N 2 ) and liquids (H 2 O, acids/basis), depending on the composition of the waste. Furthermore the amount of NOx produced is negligible. As oxidation reactions are exothermic, it enables an autothermal process (meaning the heat released from oxidation is enough for keeping the process at the right temperature). For quite high COD (> 100 g.L-1) energy can be gained during the operation. Another main interest comes from the fact that SCWO process can easily reach 99.99% of waste degradation eciency in very low residence time (few minutes) [START_REF] Loppinet-Serani | Chapter 7 -Hydrolysis in Near-and Supercritical Water for Biomass Conversion and Material Recycling A2 -Anikeev, Vladimir[END_REF]. Figure 3 A large number of papers has been published about SCWO processes, dealing with reactor designs, scale control or waste treatment eciency. A 2001 study [START_REF] Kritzer | An assessment of supercritical water oxidation (SCWO): existing problems, possible solu-tions and new reactor concepts[END_REF] sums up most of the existing technologies for SCWO, but also the dierent remaining issues regarding corrosion, plugging and eciency. A few years later, two reviews [START_REF] Hodes | Salt precipitation and scale control in supercritical water oxidationPart A: fundamentals and research[END_REF][START_REF] Marrone | Salt precipitation and scale control in supercritical water oxidationpart B: commercial/full-scale applications[END_REF] focused on the salt precipitation phenomenon in SCWO.

Salt precipitation is a recurring subject in SCWO processes and lots of works have been done on the engineering of systems and reactors to try to counteract this drawback. One example is the MODAR reactor (c.f. Figure 4 (c)), also called reverse ow reactor, and is described by several works [START_REF] Xu | A novel concept reactor design for preventing salt deposition in supercritical water[END_REF][START_REF] Killilea | Supercritical water oxidation: Microgravity solids separation[END_REF][START_REF] Cohen | Hydrothermal oxidation of Navy excess hazardous materials[END_REF] and patents [START_REF] Hong | United States Patent: 4822497 -Method for solids separation in a wet oxidation type process[END_REF][START_REF] Huang | United States Patent: 5100560 -Apparatus and method for supercritical water oxidation[END_REF]. Reverse ow reactor principle is to work with a supercritical zone (upper area of the reactor) where oxidation and waste degradation occurs, and a subcritical zone (lower area)

where solid salt can be re-dissolved and be taken out as a concentrated brine. Some other SCWO reactors have been designed in order to reduce the corrosion and precipitation issues by keeping the reactor's wall cooler than the supercritical zone with an injection of compressed air or cold water (c.f. Figure 4 (a)). Examples are the wallcooled hydrothermal burner [START_REF] Roche | Design rules for the wallcooled hydrothermal burner (WHB)[END_REF], the transpiring-wall reactors [2022] or the cold wall reactor [START_REF] Cocero | Cool wall reactor for supercritical water oxidation[END_REF]. One company who is currently running a SCWO process at industrial scale is INNOVEOX in Europe, and is using a multiinjection tubular reactor, consisting in injecting pressurized oxygen at dierent stages of the process (c.f. Figure

(b)).

At a smaller scale, some other prototypes have been imagined for SCWO applications. One has been developed, using centrifugal forces to split the two phases based on the dierences in weight and density between solid salts and supercritical water. Usually called vortex or cyclone reactors, several variety of reactors have been developed following this process, such as the centrifuge reactor [START_REF] Reid | United States Patent: 5425883 -Method for separation and removal of impurities from liquids[END_REF], the hydrocyclone [START_REF] Grith | The rst commercial supercritical water oxidation sludge processing plant[END_REF] or rotational spin reactor [START_REF] Titmas | United States Patent: 4594164 -Method and apparatus for conducting chemical reactions at supercritical conditions[END_REF]. Another interesting design is the sonochemical reactor [START_REF] Aymonier | Ultrasound for Hydrothermal Treatments of Aqueous Wastes: Solution for Overcoming Salt Precipitation and Corrosion[END_REF] (c.f. Figure 4 (d)), combining an ultrasound probe to activate oxidation reactions at lower temperatures to reduce the precipitation and corrosion issues.

Regarding the oxidative process eciency, the reviews written by BRUNNER [START_REF] Brunner | Near critical and supercritical water. Part I. Hydrolytic and hydrothermal processes[END_REF][START_REF] Brunner | Near and supercritical water. Part II: Oxidative processes[END_REF][START_REF] Brunner | Supercritical process technology related to energy and future directions An introduction[END_REF] , in 2009 are focused either on the destruction of organic biomass (lignin, cellulose. . . ) or on the corrosion, depending on the solvent used, and the dierent available materials meeting the requirements to prevent it. One year later, a more specic work was done [3032] on the salt precipitation problem, analysing dierent salt behaviors, with binary mixtures as well but few solubility measurements. A recent work on the salt issue [START_REF] Xu | Salt deposition problems in supercritical water oxidation[END_REF] is focused on the deposition of sticky salts (Na 2 CO 3 , Na 2 SO 4 . . . ) and the means to avoid it.

With respect to the commercially full scale process, a recent review [START_REF] Vadillo | Problems in Supercritical Water Oxidation Process and Proposed Solutions[END_REF] proposes an overview of most of the existing SCWO plants, with the description of the type of waste treated, the capacity and the type of reactors used. This work links up with a previous thesis done on the subject [START_REF] Aymonier | Traitement hydrothermal de déchets industriels spéciaux. Données pour le dimensionnement d'installations industrielles et concepts innovants de réacteurs sonochimique et électrochimique[END_REF] in 2000. In this thesis, many dierent chemical wastes and compounds have been treated and analyzed in regard to the oxidative eciency as well as a sum up of the dierent type of process, reactors and materials was done. Dierences between the diagrams are characterized by the immiscibility or miscibility domains and the conguration of the critical lines between the two critical points of the pure compounds. A seventh type has then been discovered [37] with the Lennard-Jones equation of state.

Following this work, VALYASHKO [3840] used some of these diagrams which enable the description of solid-uid interactions, such as salt-water systems. However, due to the large dierence in critical temperature between inorganic salts and water (in comparison with two uids for example), unusual phase equilibrium can occur when reaching the critical domain. In order to better build these diagrams, some specic assumptions to the water-salt systems have been added (taken from [START_REF] Valyashko | Fluid phase diagrams of ternary systems with one volatile component and immiscibility in two of the constituent binary mixturesPresented at the International Bunsen Discussion Meeting of the Deutsche Bunsen-Gesellschaft für Physikalische Chemie[END_REF]): Using a continuous topological transformation approach, the results reveal two main behaviors for salts (type I and type II) , which are split into many sub-diagrams.

Operating small changes on thermodynamical parameters allow to process a continuous transformation from one diagram to another [START_REF] Valyashko | Fluid phase diagrams of ternary systems with one volatile component and immiscibility in two of the constituent binary mixturesPresented at the International Bunsen Discussion Meeting of the Deutsche Bunsen-Gesellschaft für Physikalische Chemie[END_REF][START_REF] Valja²ko | Hydrothermal experimental data: [experimental data on aqueous phase equilibria and solution properties at elevated temperatures and pressures[END_REF].

These thermodynamic binary phase diagrams nicely classify most of the salts according to their behavior in supercritical water. Following this classication, type I salts present a continuous solubility curve at supercritical temperature which does not cross the critical curve, whereas type II salts present an intersection between the solubility curve and the critical curve, leading to two critical endpoints in this domain (c.f. Figure 5). These two general diagrams can then be complicated with immiscibility domains occurring in some cases.

MARSHALL [START_REF] Marshall | Water and its solutions at high temperature and high pressure[END_REF] made a dierence between type I and type II salts saying that the rst group generally has a higher solubility in supercritical water than the others, and classied most of inorganic salts according to this criteria (c.f table I). In addition, VALYASHKO [START_REF] Valyashko | Phase equilibria in water-salt systems: some problems of solubility at elevated temperature and pressure, in: High temperature and high pressure electrochemistry in aqueous solutions[END_REF] classied them according to their melting temperatures (c.f. table I). Type I salts have a melting temperature between 800°C and 1000°C whereas type II salts have their melting temperature above 700-800°C. What is interesting is that the two classications are not in opposition with each other, but complementary. It is also important to notice that according to this classication, for a given cation (anion), the salts solubility in supercritical water will increase with the size of the associated anion (cation).

Table I: MARSHALL and VALYASHKO classications

for type I and type II salts.

As appearing in the dierent classications, sodium chloride (NaCl) is a very good illustration of a type I salt, with a high solubility in water, even at sub-critical or supercritical conditions (compare to other salts), and the appearance of gas-liquid like equilibrium. The binary diagram at high pressure and high temperature for NaCl is well dened (c.f. Figure 6) and has been checked with several experimental data [START_REF] Armellini | Experimental methods for studying salt nucleation and growth from supercritical water[END_REF]. The lower limit of the diphasic zone has also been directly observed, but its upper limit remains theoritically xed to a certain temperature from which a unique supercritical phase remains and salt precipitates.

A good example of a type II salt is sodium sulfate (Na 2 SO 4 ), which presents an intersection of the solu- bility curve with the critical curve, leading to a simple precipitation behavior at subcritical conditions, without 3-phase equilibrium (see Figure 6). Some recent experiments have been performed on the subject, towards improvement of gasication processes [3032]. The set up is a Modar like reactor, with a subcritical part at the bottom and a supercritical zone on the top. The aim of this set up is to study the dierent salt behavior, depending on their type, by looking at their ability to be recovered from the bottom part of the reactor. Experiments were performed with binary mixtures of water-salt systems, with type I or type II salts. The rst trend observed is that type I salts (K 2 CO 3 , K 3 PO 4 , K 2 HPO 4 , KH 2 PO 4 , NaNO 3 , KNO 3 and Ca(NO 3 ) 2 ) precipitate in supercritical water and can be recovered as a brine solution, whereas type II salts (Na 2 CO 3 , Na 2 SO 4 , K 2 SO 4 and Na 3 PO 4 ) precipitate but directly stick to the reactor walls and rapidly plug the process, disabling any recovery as a brine. But even if the behavior follows the same trend for a salt type, dierences still exist due to the solubility variations. This is seen in the nitrate compounds, the solubility of NaNO 3 is higher than the one of KNO 3 , itself higher than Ca(NO 3 ) 2 (meaning Ca(NO 3 ) 2 is easily recovered than NaNO 3 because it precipitates more eas- ily). As a similar result, KH 2 PO 4 is easily recovered in comparison with KNO 3 . These results seem to be on the opposite trend than the one predicted by MARSHALL [START_REF] Marshall | Water and its solutions at high temperature and high pressure[END_REF] and VALYASHKO [START_REF] Valyashko | Phase equilibria in water-salt systems: some problems of solubility at elevated temperature and pressure, in: High temperature and high pressure electrochemistry in aqueous solutions[END_REF] classications (solubility increases, for a given anion, with the size of the cation and vice versa).

In the end, this classication in types of salt cannot give all the information regarding solubility at supercritical conditions but it can be used as a trend for the general behavior. This solubility is strongly dependent on the dielectric constant of water which is dropping down when reaching the supercritical domain. Thus, inorganics precipitate, leading to the well-known problem of reactor plugging.

The initial studies for salt solubility at high temperatures and pressures were rst done for geological purpose [START_REF] Benedict | Properties of Saturated Aqueous Solutions of Potassium Chloride at Temperatures above 250 • C[END_REF][START_REF] Keevil | Vapor Pressures of Aqueous Solutions at High Temperatures1[END_REF] in the 40s. These rst analyses were performed with vapor pressure measurements at dierent temperatures, up to 650°C. Various salted solutions of potassium based salts [START_REF] Benedict | Properties of Saturated Aqueous Solutions of Potassium Chloride at Temperatures above 250 • C[END_REF] and sodium based salts [START_REF] Keevil | Vapor Pressures of Aqueous Solutions at High Temperatures1[END_REF] were investigated.

Then, several authors have investigated the phase equilibrium of the NaCl-H 2 O system at high temperatures and pressures, including the supercritical domain, with vapor pressure measurement [5155]. Following the keen interest in the phase equilibria for the binary system NaCl-H 2 O, a comparison of all the data of the previous studies was carried out [START_REF] Bischo | The system NaCl-H2O: Relations of vapor-liquid nar the critical temperature of water and of vapor-liquid-halite from 300 • C to 500 • C[END_REF], looking at the trends and disagreements between the results. Experiments were also performed to complete the lack of data near the critical temperature of water and re-determine some vaporliquid-halite phases where disagreement existed. In order to better understand the salt deposition (mainly sodium based salts) occurring in turbines and steam machines, which induces fatigue cracking, wearing and mechanical failures, the solubility of sodium chloride in steam at high temperature (450-500°C) and pressure (5-10 MPa) was mainly studied [START_REF] Galobardes | In Situ preconcentration for the determination of sodium ion in dry steam[END_REF][START_REF] Galobardes | Solubility of sodium chloride in dry steam[END_REF]. The water steam was analysed in a continuous process with a ame spectroscopy detector at the end, in order to detect the sodium concentration according to time. Among all the previous cited papers, it was the only one to provide details about experimental setup and procedure. Other continuous processes can be found in previous works [5961] where solubility measurements were made using chloride titrations (colorimetric or volumetric analysis). Alternative methods for NaCl concentration measurements used the titration of Na + ions by ion-chromatography, or even 22 Na radioactive tracers in batch system [START_REF] Alekhin | Thermodynamic parameters and solubility of NaCl in water vapor at 300-500 • C up to 300 bar[END_REF][START_REF] Vakulenko | Solubility and thermodynamic properties of alkali chlorides in steam[END_REF], where this method is used as an in situ analysis.

In addition to all researches on sodium chloride solutions in sub-or supercritical water, some experiments have also been performed on sodium sulfate solutions, in the same range of temperature, pressure, and with an equivalent geological purpose. Studies on Na 2 SO 4 sol- ubility in steam have also been performed [START_REF] Styrikovich | Solubility of salts in high pressure steam[END_REF][START_REF] Morey | The Solubility of Some Minerals in Superheated Steam at High Pressures[END_REF][START_REF] Martynova | Solubility of inorganic compounds in subcritical and supercritical water[END_REF].

Salt concentration measurements were mostly done us-ing a 35 S radioactive tracer in continuous systems.

In 1993, the rst paper about experimental results

for the solubility of salts in sub-and supercritical water, towards the SCWO application, was published by ARMELLINI and TESTER [START_REF] Armellini | Solubility of sodium chloride and sulfate in sub and supercritical water vapor from 450-550 • C and 100-250 bar[END_REF] . This work summarizes most of the previous results on sodium chloride and sodium sulfate solubility in steam, comparing the measurement methods and editing the temperature and pressure domains screened by the past researches. A detailed description of the experimental setup and method is given, as well as a tting of the data with a Gibbs-Helmholtz model which is compared with some other theoretical solubility models.

In opposition to the past experimental methods, which usually consisted of heating a brine solution and then analysing the salt concentration remaining inside, this new setup (c.f. Figure 7 (a)) proposes a dierent approach: a pure water solution is introduced, pressurized and heated up, then the water passes through a tube lled with salt crystals in order to dissolve them and saturate the water to the maximum concentration. Then the solution is analysed using ICP measurements. The interest in using such a method is that it prevents the pipes from plugging, but it can only be used with low saturation concentration value due to the limited amount of salt inside the pipe.

This kind of process has also been used by other authors [START_REF] Leusbrock | Quantitative approaches for the description of solubilities of inorganic compounds in near-critical and supercritical water[END_REF][START_REF] Higashi | Measurement and correlation for solubilities of alkali metal chlorides in wa-ter vapor at high temperature and pressure[END_REF] for several inorganic salts. In opposition, some use the reverse process, consisting in heating a brine solution in order to precipitate the salts. Thus, the remaining solution is at the saturation concentration for the chosen conditions of pressure and temperature. This method is particularly useful when analysing salts with a low melting temperature, as with nitrate salts [START_REF] Dell'orco | The solubility of 1-1 nitrate electrolytes in supercritical water[END_REF] (c.f. Figure 7 (c)). Following this, LEUSBROCK et al. [START_REF] Leusbrock | Solubility of 1:1 Alkali Nitrates and Chlorides in Near-Critical and Supercritical Water[END_REF] (2009-2010) used this alternative method for dierent salts, without limitation to the low melting temperature ones (c.f. Figure 7 (b)).

It is interesting to notice that one set up [START_REF] Khan | Solubility of Na2SO4, Na2CO3 and their mixture in supercritical water[END_REF] combines the precipitation and the dissolution of the salts (Na 2 SO 4 and Na 2 CO 3 ) to analyse the solubility in super- critical water (c.f. Figure 7 (d)). In fact, sodium sulfate and sodium carbonate salts are commonly considered as sticky salts, which precipitate easily on reactor walls.

Using a ow conductivity cell at the end of their setup, the salt concentration is known continually according to time. A brine solution is passed through the system, pressurized and heated up. The conductivity will decrease while the salt precipitate in the reactor; when the steady state is reached (conductivity drops to a plateau), pure water is passed through, dissolving the salt inside.

At this point, the pure water is saturated to a concentration similar to the one of the exiting brine before, thus conductivity remains the same until there is not enough salt to saturate the water anymore. This method enables the comparison of solubility values between solubilisation and precipitation methods.

All the solubility data regarding inorganic salt in sub- 382 -397 24 [START_REF] Khan | Solubility of Na2SO4, Na2CO3 and their mixture in supercritical water[END_REF] Table II: Presentation of all the solubility data available in the literature for inorganic salt in sub-and supercritical water.

ganic compound precipitates [START_REF] Hurst | Optical ow cell and apparatus for solubility, salt deposition and Raman spectroscopic studies in aqueous solutions near the water critical point[END_REF] or to develop an in situ turbidity measurement set up [START_REF] Dell'orco | The solubility of 1-1 nitrate electrolytes in supercritical water[END_REF] in order to detect the nucleation point of precipitates and the dierent phases for inorganic salt mixtures.

As a summary, dealing with quantitative salt solubility measurements in sub-and supercritical conditions often lead in using two dierent methods. One consisting of the precipitation of a brine, while the other saturates pure water through a column lled with salt crystals. But even if these methods have been used several times by dierent research groups, solubility data remains quite scarce for a lot of inorganic salts. Moreover, these studies only concern binary mixture with water, without inuence of any other species present in the solution. This leads us to the next topic, concerning salt mixtures.

Part IV

Solubility with salt mixtures

Despite the fact that some of the common salt's behavior under sub-and supercritical conditions are quite known, very few studies investigated the behavior of a mixture of two salts, and the eect that one can have on the solubility. One of the rst studies on mixtures [START_REF] Dipippo | Ternary phase equilibria for the sodium chloridesodium sulfatewater system at 200 and 250 bar up to 400 C[END_REF] managed to reconstruct a part of the ternary phase diagram of the H 2 O NaCl Na 2 SO 4 mixture under supercritical con- ditions, up to 550°C and 25 MPa (c.f. Figure 9). For the ternary gures, they used previous data [START_REF] Armellini | Experimental methods for studying salt nucleation and growth from supercritical water[END_REF][START_REF] Armellini | Solubility of sodium chloride and sulfate in sub and supercritical water vapor from 450-550 • C and 100-250 bar[END_REF] to build the ternary phase diagram with a continuous topological method. These results correlate with VALYASHKO's prediction [START_REF] Valyashko | Fluid phase diagrams of ternary systems with one volatile component and immiscibility in two of the constituent binary mixturesPresented at the International Bunsen Discussion Meeting of the Deutsche Bunsen-Gesellschaft für Physikalische Chemie[END_REF][START_REF] Valyashko | Phase equilibria of water-salt sytems at high temperatures and pressures[END_REF] that the presence of a type I salt with a type II would increase the type II solubility with temperature.

Most of the experimental work regarding salt mix- mixture is obtained, meaning that the formation of a type I salt in equilibrium with a type II salt is favored. Some exchanges between common ions of dierent salts can also be seen with NaNO 3 /K 2 CO 3 (type I type II) where at the end, Na 2 CO 3 is mainly recovered. Regarding the mixtures of two types II salts (which cannot recombined into a type I salt), the behavior remains the same as a binary solution: precipitation and plugging occurs. As a conclusion of all the works about the behavior of salt mixtures, the authors declare that it is not possible to predict the separation performance of a given salt mixture just by knowing the separation performance of the single salt solution [START_REF] Schubert | Continuous salt precipitation and separation from supercritical water. Part 3: Interesting eects in processing type 2 salt mixtures[END_REF].

In the meantime, KRUSE et al. [START_REF] Kruse | Brines in supercritical biomass gasication: 1. Salt extraction by salts and the inuence on glucose conversion[END_REF] published their results on another study on the improvement of supercritical gasication and the ways to catch poisonous salts for metal catalysts. Beginning with a liquid or solid brine inside a semi-continuous reactor (c.f. Figure 10), it is shown that some ions can be trapped inside, depending on the brine used. For example, a potassium brine (KHCO 3 ) is deposited inside before running the exper- with either Na 2 SO 4 or K 2 SO 4 , dierent eects occur de- pending on the molar ratio (salting in and salting out eects) between the salts. Surprisingly, a complicated behavior between K 2 CO 3 and Na 2 CO 3 does not allow the quantication of any salting eect, and no precipication is observed for phosphate salts (which could be in opposition with the solubility values for phosphate salts from the litterature [START_REF] Leusbrock | The solubilities of phosphate and sulfate salts in supercritical water[END_REF], but the temperatures were actually not high enough to precipitate). Besides the fact that the work is not performed at constant pressure, it brings interesting information concerning salt mixtures.

The results enable to establish a trend in the ions solubility (comparing the precipitation temperature) in the following decreasing order : K + > Na + > Mg 2+ for cations and HPO 4 2-> SO 4 2-> CO 3 2for anions. This solubility scale means that for example, Na 2 CO 3 salt will be less soluble than Na 2 SO 4 which will be less soluble than K 2 SO 4 . This solubility scale is in opposition with the trend from MARSHALL and VALYASHKO (Table I). The possible explanation given by the authors comes from the consideration of the ionic radius. A small ion with a single charge, like Na + , will lead to a small ionic radius, thus a strong electrostatic interaction with other ions leading to clustering and ion association prior to precipitation. Whereas a bigger ion like K + with a larger radius will have a weaker electrostatic interaction and will be less inuenced by the drop in dielectric constant with temperature. Regarding Mg 2+ , the atom may be bigger, but as the ionic charge is also bigger, the resulting ionic radius is smaller than K + or Na + and it is very to one application. Still, several types of predictive models have been developed for pure salt solubility in supercritical water conditions, and the experimental approach using DSC analysis is quite interesting and brings new hypothesis for salt classication depending on their solubility value and ionic radius. In addition, the inuence of the oxidative compound or the degradation products like CO 2 , on the salt solubility is quite unknown although its presence in the SCWO process is non-negligible. This lack of data is quite surprising, as some studies show that the presence of dissolved salt in water inuence the solubility of dissolved gas [106117], it is very likely that dissolved oxidative compounds inuence salt solubility as well.

For future research work, it is probably important to better understand the inuence of the presence of other species on the solubility of inorganic salts (salting-in and salting-out eects) under near-and supercritical conditions with the aim of understanding the precipitation phenomena in SCWO processes. But it requires rst some basic data for pure salts, as it is very probable that complex behaviors like diphasic domains (type I salts), miscibility limits or critical end-points will strongly inuence the interactions with other salts or compounds.
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 1 Figure 1: Pressure-temperature phase diagram of pure water (adapted from [1])
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 2 Figure 2: Changes in the dielectric constant of water according to the temperature, at 25 MPa. Comparison with common solvent values at room pressure and temperature [2].

Figure 3 :

 3 Figure 3: (a) Scheme of the main products obtained with SCWO processes. (b) General scheme of a SCWO process

Figure 4 :

 4 Figure 4: Some of the reactors specically designed for SCWO in order to avoid plugs with precipitation (adapted from [3]).

1 .

 1 The melting temperature of the pure nonvolatile component (salt) is higher than the critical temperature of the volatile component 2. No solid-phase transition (polymorphism, solidsolution...) or azeotropy in liquid-gas equilibria is considered 3. Liquid immiscibility is terminated by the critical region at high pressures and cannot be represented by more than two separated immiscibility regions of dierent types 4. All geometric elements of phase diagrams, their reactions and shapes (but not the combinations of these elements) can be illustrated by existing experimental examples.

Figure 5 :

 5 Figure 5: P-T-x diagrams for a type I salt (a) and a type II salt (b). For a type I salt, the binary critical curve is continuous and distinct from the saturation curves, whereas for the type II the binary critical curve is interrupted by the saturation curves, leading to critical end points P and Q. Abbreviations: A, volatile compound ; B, nonvolatile compound ; TP, triple point ; CP, critical point ; E V , eutectic vapor coordinates ; E L , eutectic liquid coordinates ;P, A-rich S-L-V critical end point ; Q, B-rich S-L-V critical end point (from[START_REF] Hodes | Salt precipitation and scale control in supercritical water oxidationPart A: fundamentals and research[END_REF]).

Figure 6 :

 6 Figure 6: Binary diagrams at 25 MPa for water-NaCl (left) and water-Na 2 SO 4 (right). L=liquid phase;V=vapor phase; S=solid phase (from[START_REF] Hodes | Salt precipitation and scale control in supercritical water oxidationPart A: fundamentals and research[END_REF])
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 78 Figure 7: Schemes of dierent experimental set up for salt solubility measurement. (a) Set ups for the salt bed method used by ARMELLINI & TESTER [47] ; (b) Structure for salt bed or precipitation method used by LEUSBROCK et al. [48] ; (c) Precipitation apparatus used by Dell'ORCO et al. for low melting temperature salts [49]; (d) SCWO plant for salt deposition & salt bed method used by KHAN & ROGAK[50].

Figure 9 :

 9 Figure 9: Example of the H 2 O -NaCl -Na 2 SO 4 ternary diagram at 400°C, 25 MPa, from DiPIPPO et al.

  iment. A brine solution containing sodium ions is then injected through the apparatus. The analysis performed on the exiting solution shows that the sodium concentration is lower than the initial concentration, and that potassium ions are mainly present at the outlet. Several other similar experiments have been done following the same procedure, with dierent kinds of brine or solid bed inside the reactor. These results tend to show the same conclusions as the previous papers [3032] which is the ability of particular brines to trap some ions by playing on the solubility dierence between two salts, and the mechanism by which certain salts are favored.Earlier in the decade, a study was performed on the solubility of Na 2 SO 4 and Na 2 CO 3 under supercritical conditions[START_REF] Khan | Solubility of Na2SO4, Na2CO3 and their mixture in supercritical water[END_REF], but also the individual solubility of both salts. According to this work, solubility remains the same above supercritical conditions, but is slightly reduced for Na 2 SO 4 at near critical conditions, because of the pres- ence of Na 2 CO 3 in the solution. This inuence on the solubility of one salt on the other would be due to the fact that they have a common ion. This leads to an excess in the concentration which would favor the precipitation of the less soluble salt (meaning Na 2 SO 4 ), according to the common ion eect. Common ion eect is a direct implication of Le Chatelier's principle, which implies that a chemical equilibrium is favored in the direction of the products if the reactant concentrations are in excess. In the case of the salt mixture, the presence of Na + ions coming from Na 2 CO 3 increases the sodium concentra- tion for the precipitation of Na 2 SO 4 , leading to a small increase in the products side, thus a decrease in sodium sulfate solubility.This eect from one salt on another, commonly called salting in eect if increasing the solubility and salting out when decreasing it, has been studied more recently[START_REF] Reimer | Inuence of anions and cations on the phase behavior of ternary salt solutions studied by high pressure dierential scanning calorimetry[END_REF]. Using a sealed inconel crucible and Differential Scanning Calorimetry (DSC), dierent ternary salt mixtures were studied by detecting the precipitation phenomenon, immiscibility limit and supercritical homogenization. This allows them to highlight salting in or salting out eects, looking at the changes in the precipitation temperatures. The study was focused on three type I salts (K 2 CO 3 , Na 2 HPO 4 and K 2 HPO 4 ) and three type II (Na 2 SO 4 , K 2 SO 4 and MgSO 4 ) and small salting in eects are observed for Na 2 SO 4 /K 2 SO 4 and Na 2 SO 4 /Na 2 CO 3 mixtures. Regarding MgSO 4 mixtures
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 10 Figure 10: Scheme of the semi-continuous reactor used to trap poisonous ions, for gasication applications (adapted from [80]).
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 11 Figure 11: (a) Comparison of the dierent models with experimental data for NaCl from MASOODIYEH et al.
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 95 ; (b) Extension in the validity domain for the SAA model.The limitation of Pitzer EoS on aqueous electrolyte solutions is that it requires a large number of characteristic parameters to be able to predict the solubility behavior for inorganic salts. Moreover, Pitzer equations are more convenient to be used for phase diagram determination rather than solubility curves. In order to dispose of a predictive model for solubility under high temperature and pressure, HELGESON et al.[START_REF] Helgeson | Theoretical prediction of the thermodynamic behavior of aqueous electrolytes at high pressures and temperatures: IV. Calculation of activity coecients, osmotic coecients, and apparent molal and standard and relative partial molal properties to 600 • C and 5kb[END_REF] (1981) published a signicant paper for their new model, called HKF for Helgeson-Kirkham-Flowers. This model uses lots of dierent thermodynamic parameters, semi-empirical interaction functions, and some variables from the BORN theory for electrolyte interactions. Several other papers have been published later [97100] to improve the model, which will then take the name of R-HKF model (R stands for Revisited). Beyond its good abilities to predict solubility, the R-HKF model requires some specic thermodynamic parameters which can be dicult to determine (like the molar volume of the salt-solvent mixture according to the temperature and pressure), especially for uncommon salts. In order to try to dodge this problem, SUE et al. [101] (2002) created a simplied version of the R-HKF model, considering the temperature-density dependence of the semi-empirical part of the model, instead of the temperature-pressure dependence. This model is known as the SAA model (Sue-Adschiri-Arai) and is easier to handle. Recently, MASOODIYEH et al. [95] (2014) published a paper to summarize these dierent correlation models (R-HKF, SAA and Chrastil) and compare them with the literature data available to determine their precision (c.f. Figure 11 (a)). Without surprise, the R-HKF model provides the best ts with experimental data, but the SAA model is most of the time very close as well, with very few dierences with R-HKF. However, the R-HKF model requires at least 7 parameters for each compound involved in the considered chemical reaction. In the meantime of simplifying the R-HKF model into the SAA model, SUE et al. also extended the validity domain to the near-and supercritical region (c.f. Figure 11 (b)), using more recent experimental data of NaCl and KCl [102105]. This improvement allows the SAA and R-HKF models to predict quite nicely the solubility of some common salts under supercritical conditions. Even though these predictive models well t experimental data, their use remains quite complex, due to the number of parameter required, which are most of the time determined from experimental data. And as soon as experimental data are available, it will become more convenient to adopt a Chrastil like model, which is the most common method employed in the literature. Conclusion Research on SCWO processes for waste treatment has expended a lot during the last 20 years, and many technological gaps have been overpassed. Despite these im-provements, the precipitation of inorganic salt remains an important issue for most of the SCWO applications. Thanks to the broad development and accessibility of corrosion-resistant alloys and sapphire windows technologies, new investigations on the salt precipitation phenomena under supercritical conditions become possible. Since, lots of solubility data, phase diagrams and modelling have been established in sub-and supercritical conditions for the most common salt like NaCl or Na 2 SO 4 , but much less data exist for other salts. As a consequence, incoherencies appear between experimental results and predictive behaviors, such as the predicted increase in solubility of a given cation (anion) with the size of the anion (cation), which has been invalidated with the more recent salt mixture experiments. Moreover, the behavior of a single salt in water remains a very simplistic example compared to the complexity of a real waste treated in SCWO. Regarding the solubility of salt mixtures, as cited before, it is for now not possible to predict the behavior of a given salt mixture just by knowing the behavior of the two separated salts. As the salt-water solubility data under supercritical conditions are still scarce in the literature, only very few papers are published regarding the study of the mixture, due to the complexity to analyse a solubility mixture without knowing the single solubility of each salt. Despite the great investment put into the classication of salt in order to highlight a trend for each type of salt, the behavior of ternary mixtures remains very dicult to predict and is most of the time specic