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The rheological and flow behaviors of Pickering emulsions are studied as a function of their water concentration. The studied emulsions are water-in-gasoil inverse emulsions stabilized with organohectorite clay. An in-line emulsion preparation was performed and a novel emulsification system was used. The emulsification system was tested and confirmed before performing pipe-flow measurements.

A stress-controlled rheometer was used to study the rheological behavior of organoclay stabilized inverse emulsions. It was found that the emulsions exhibited a shear thinning with yield stress non-Newtonian rheological behavior and that the flow curves were well correlated using the Herschel-Bulkley model. Pressure loss and axial velocity measurements were studied to investigate the pipeflow behavior of the emulsions. Axial velocity of the fluids was measured using an Ultrasonic Pulsed Doppler Velocimeter. It was shown that, up to 50 wt% water mass concentration, an exponential increase of yield stress and viscosity values is noticed, and the phase inversion point is not reached. In the range of the applied flow rates, turbulence took place only in the case of the lowest water cut (0 wt%). The Herschel-Bulkley rheological parameters were used to simulate the pipe-flow behavior of the studied fluids, and showed a satisfactory correlation with the in-line measurements. Furthermore, wall shear stress and velocity profiles were used to study the short-, medium-, and long-term stability of the emulsions.

Introduction

Inverse-emulsion drilling fluids are widely used to drill the reservoir layer of petroleum wells [START_REF] Schramm | Surfactants: Fundamentals and Applications in the petroleum industry[END_REF][START_REF] Quintero | An Overview of Surfactant Applications in Drilling Fluids for the Petroleum Industry[END_REF]. In this type of drilling fluids, surfactants are usually used to stabilize the inverse emulsion and organoclays are used to enhance their rheological properties and thermal stability [START_REF] Zhuang | Enhancing the rheological properties and thermal stability of oil-based drilling fluids by synergetic use of organo-montmorillonite and organo-sepiolite[END_REF][START_REF] Hajiabadi | A comprehensive empirical, analytical and tomographic investigation on rheology and formation damage behavior of a novel nano-modified invert emulsion drilling fluid[END_REF].

Despite their major role in the stabilization of inverse emulsion drilling fluids, surfactants were found to change the wettability of the reservoir rock from water-wet to oil-wet. The wettability alteration of reservoir rocks was found to decrease the productivity of petroleum reservoirs [START_REF] Menezes | The Mechanism of Wettability Alteration Due to Surfactants in Oil-Based Muds[END_REF][START_REF] Mcdonald | The significance of formation damage caused by the adsorption oil-based mud surfactant[END_REF][START_REF] Yan | Wettability Alteration Caused by Oil•Based Muds and Mud Components[END_REF][START_REF] Hajiabadi | Effects of surface modified nanosilica on drilling fluid and formation damage[END_REF][START_REF] Hajiabadi | On the attributes of invert-emulsion drilling fluids modified with graphene oxide/inorganic complexes[END_REF].

Pickering emulsions have received a lot of attention lately. In this type of emulsions, the stabilizers are solid particles instead of surfactants [START_REF] Chevalier | Emulsions stabilized with solid nanoparticles: Pickering emulsions[END_REF][START_REF] Kulkarni | Surfactant-free syndiotactic polystyrene aerogel foams via Pickering emulsion[END_REF]. The solid particles used in the preparation of Pickering emulsions should be partially wet by both phases [START_REF] Chen | Influence of the particle type on the rheological behavior of Pickering emulsions[END_REF]. Their surfactant free characteristics make them suitable for many industrial applications such as in the cosmetics, pharmaceutical and food industries [START_REF] Tang | Stimuli-responsive Pickering emulsions: Recent advances and potential applications[END_REF][START_REF] Xiao | Kafirin nanoparticles-stabilized Pickering emulsions: Microstructure and rheological behavior[END_REF][START_REF] Yan | Synthesis of bacterial cellulose and bacterial cellulose nanocrystals for their applications in the stabilization of olive oil pickering emulsion[END_REF][START_REF] Dai | Characterization of Pickering emulsion gels stabilized by zein/gum arabic complex colloidal nanoparticles[END_REF][START_REF] Abdullah | A review of recent progress on high internal-phase Pickering emulsions in food science[END_REF].

One of the first studies on the rheology of solid stabilized emulsions was performed by [START_REF] Abend | Stabilization of emulsions by heterocoagulation of clay minerals and layered double hydroxides[END_REF]. In this study, montmorillonite clay was used to stabilize an oil-in-water Pickering emulsion.

The effect of the presence of a layered double hydroxide on the stability and the rheology of the emulsions was also studied. It was found that the emulsions show high yield stress and viscosity values with an anti-thixotropic behavior. Furthermore, the emulsions showed a high elastic behavior, which was linked to the formation of a clay network in the continuous phase (water). It was also shown that the layered double hydroxide contributes to the increase in the storage modulus of the emulsion by acting as "hinges" in the clay network [START_REF] Thienne | Aggregation in Pickering emulsions[END_REF].

In a second work, the rheology of silicone oil in water Pickering emulsions was studied [START_REF] Sugita | Rheological and interfacial properties of silicone oil emulsions prepared by polymer pre-adsorbed onto silica particles[END_REF]. In this case, the solid stabilizer was silica particles modified using hydroxypropyl methylcellulose (HPMC). The results of this study showed that the rheology of the emulsions was dependent on the silicone oil viscosity and the amount of the HPMC used to modify the silica surfaces.

It was found that the storage modulus of the emulsion increases with the amount of the HPMC used to modify the silica surfaces. This is due to the hydrophobicity of HPMC compared to silica particles, which enhances their adsorption on the oil/water interface. Unlike the previous study [START_REF] Abend | Stabilization of emulsions by heterocoagulation of clay minerals and layered double hydroxides[END_REF], the emulsion was found to be thixotropic, which leads to the assumption that time dependency of Pickering emulsions depends on the materials used in their preparation. In a similar study, [START_REF] Morishita | Rheological and interfacial properties of Pickering emulsions prepared by fumed silica suspensions pre-adsorbed poly(N-isopropylacrylamide)[END_REF], studied the rheological behavior of silicone oil-in-water emulsions, stabilized using fumed silica suspensions pre-adsorbed with poly(N-isopropylacrylamide) (PNIPAM) at two different molecular weights. It was shown that the high hydrophobicity of the PNIPAM leads to a higher adsorption of silica particles on the oil/water interface, smaller droplet size, and higher emulsified oil fraction, which results in an increase of the viscosity and elastic modulus of the emulsion. [START_REF] Guillot | Internally structured pickering emulsions stabilized by clay mineral particles[END_REF] on the other hand, showed that, unlike surfactant stabilized emulsions, the droplet size is independent of clay loading; therefore, a minimal clay loading is sufficient to stabilize the emulsion and an excess of clay particles in the continuous phase would increase its viscosity, by forming a network between clay platelets. This 3D structure can enhance the stability of the emulsion. [START_REF] Bellalta | Rheological and microstructural characterization of WPI-stabilized O/W emulsions exhibiting time-dependent flow behavior[END_REF] explained the power law thixotropic behavior of the emulsions by the rearrangement of oil droplets in the continuous phase during the flow procedure. [START_REF] Malkin | Flow of heavy crude oil-in-water emulsions in long capillaries simulating pipelines[END_REF] studied the rheological behavior of crude oil-in-water emulsions. The emulsions were prepared using both surfactants and solid particles (silica and montmorillonites). Adding water to the crude oil significantly decreased its viscosity and improved its transportation. The emulsions exhibited a yield stress gel-like behavior which was related to the presence of the solid particles. [START_REF] Wang | Investigation on gelation nucleation kinetics of waxy crude oil emulsions by their thermal behavior[END_REF], studied the thermal behavior of water-in-crude oil Pickering emulsions through rheological measurements. The emulsions were stabilized with wax particles naturally present in waxy crude oils and the viscosity and storage modulus were measured as a function of water concentration and temperature. As a result, it was found that the gelation temperature of waxy crude oil emulsions increased with water-to-oil fraction up until a certain critical water concentration.

Looking at the recent interest in Pickering emulsions, only few studies can be found on their pipe-flow behavior. Most of these studies are applications in the petroleum industry because of the need for solid stabilized emulsions transportation such as water-in-crude oil emulsions stabilized with natural asphaltenes and inverse-emulsion drilling fluids. [START_REF] Malkin | Flow of heavy crude oil-in-water emulsions in long capillaries simulating pipelines[END_REF] studied the pipeline behavior of heavy crude oil in water emulsion. The goal of this novel study was to reduce the high viscosity of heavy crude oils in order to make their transportation less energy consuming. It was found that the viscosity measured in a capillary viscosimeter is different from the one measured in a rotational rheometer. In large tubes, rheological measurements would better coincide with pipe flow measurements. [START_REF] Agarwal | Nanoparticle-stabilised invert emulsion drilling fluids for deep-hole drilling of oil and gas[END_REF] studied the behavior of water-in-oil invert emulsion drilling fluids. Pickering emulsions were prepared using organophilic silica powders. It was found that the behavior of the prepared Pickering emulsions was similar to surfactant-based invert emulsions. The author proposed to model the behavior of the studied Pickering emulsions using the Casson model.

Several studies can be found on the flow of water/Crude oil emulsions without emulsifying additives [START_REF] Aguilera | Water-in-oil emulsions stabilized by asphaltenes obtained from venezuelan crude oils[END_REF][START_REF] Lim | A Review on the Effects of Emulsions on Flow Behaviours and Common Factors Affecting the Stability of Emulsions[END_REF][START_REF] Wong | Crude oil emulsion: A review on formation, classification and stability of water-in-oil emulsions[END_REF]. This type of emulsions can be considered as Pickering looking at the presence of asphaltenes in crude oils. Asphaltenes can form an interfacial film around water droplets and stabilize the emulsion [START_REF] Aguilera | Water-in-oil emulsions stabilized by asphaltenes obtained from venezuelan crude oils[END_REF]. Because of the hydrophobicity of asphaltenes, the created emulsion would be a water-in-oil inverse emulsion. waterin-crude oil emulsions were found to have the same rheological behavior as the rest of Pickering emulsions (viscoelastic exhibiting yield stress) and following the Hershel-Bulkley model [START_REF] Ariffin | The rheology of light crude oil and water-in-oil-emulsion[END_REF]. [START_REF] Plasencia | Pipe flow of water-in-crude oil emulsions: Effective viscosity, inversion point and droplet size distribution[END_REF] studied the flow behavior of salted water in different crude oils inside a flow loop. The stabilization was achieved through continuous circulation. Homogenous waterin-oil emulsion was observed before the phase inversion. After the phase inversion, multiple water-inoil-in-water emulsion was noticed. In a similar study, [START_REF] Wong | Miri light crude water-in-oil emulsions characterization -Rheological behaviour, stability and amount of emulsions formed[END_REF] studied the pipe flow behavior of water-in-crude oil emulsions. The stabilization was reached using diameter restrictions at the flow-loop elbows.

Many studies were dedicated to the flow of non-Newtonian fluids. Flow behaviors of viscous yielding fluids were largely studied in the literature, both experimentally and numerically [START_REF] Malin | Turbulent pipe flow of Herschel-Bulkley fluids[END_REF][START_REF] Escudier | Observations of asymmetrical flow behaviour in transitional pipe flow of yield-stress and other shear-thinning liquids[END_REF][START_REF] Founargiotakis | Laminar, transitional and turbulent flow of Herschel-Bulkley fluids in concentric annulus[END_REF][START_REF] Esmael | Transitional flow of a non-Newtonian fluid in a pipe: Experimental evidence of weak turbulence induced by shear-thinning behavior[END_REF][START_REF] Kelessidis | Experimental study and predictions of pressure losses of fluids modeled as Herschel-Bulkley in concentric and eccentric annuli in laminar, transitional and turbulent flows[END_REF][START_REF] Podryabinkin | Detailed Modeling of Drilling Fluid Flow in a Wellbore Annulus While Drilling Distributed Sensors View project Tip-clearance cavitation and development of the means for its suppression: experimental and numerical modeling View project[END_REF][START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF]. [START_REF] Benslimane | Rhéologie et écoulement de fluides chargés : application aux réseaux d'assainissement urbains : étude expérimentale et modélisation[END_REF] studied the rheological and flow behavior of bentonite suspensions and bentonitepolymer mixtures. These fluids have a similar flow behavior to that of drilling fluids [START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF]. The rheological curves of the fluids were successfully fitted using the Herschel-Bulkley model. The flow behavior was in a good correlation with the rheological measurements during the laminar flow. At transitional flow, the fluids exhibited the same asymmetry noticed by several authors in the case of shear thinning fluids [START_REF] Peixinho | Laminar transitional and turbulent flow of yield stress fluid in a pipe[END_REF][START_REF] Esmael | Transitional flow of a yield-stress fluid in a pipe: Evidence of a robust coherent structure[END_REF]. A drag reduction was also observed during turbulent flow which was related to the shear thinning nature of the fluids [START_REF] Benslimane | Effect of addition of carboxymethy cellulose (CMC) on the rheology and flow properties of bentonite suspensions[END_REF][START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF].

To the author's knowledge, no study has been conducted on the pipe-flow of inverse emulsions stabilized with organoclays. In this work, a surfactant-free inverse-emulsion model drilling fluid is prepared using only organoclays to stabilize the emulsion i.e., a Pickering emulsion. The rheological behavior of organoclay suspensions, used in this work, was discussed in a previous study [START_REF] Merad | Rheological and structural characterization of organohectorite dispersions: Influence of the organoclay loading[END_REF]. Both the rheological and flow behaviors of the prepared emulsions were studied. The aim of this paper is to verify our in-line emulsion preparation system and to give a detailed characterization of organoclay-stabilized Pickering emulsions using rheological and pipe-flow measurements. The use of both techniques to study the behavior of Pickering emulsions allows to eliminate experimental errors such as centrifugal forces and wall slipping, always present in rotational rheometers. In this case, the real intrinsic rheological properties are obtained if the results from both techniques overlap.

Materials and Methods

In the following, the experimental materials and procedures are presented. First, the organoclay stabilizer and used fluids are discussed in section 2.1. Then, the geometry and experimental procedure used for the rheological characterization are presented in section 2.2. Moreover, a presentation of the flow loop and its corresponding in-line experimental procedures are presented in sections 2.3 and 2.4, respectively. Finally, the experimental protocol for the Pickering emulsion preparation is showed in section 2.5.

Materials

The oil/water phases used in this study are a gasoil purchased from Total, France and tap water. The emulsion is stabilized using Bentone 38, which is a commercial organically modified hectorite clay manufactured by Elementis Specialties UK. Hectorite clay belongs to the phyllosilicate 2:1 family which is formed by an octahedral layer sandwiched between two tetrahedral layers with a unit formula Na0,74[Mg5,33 Li0,60](Si7,98 Al0,02)O20 F2,69(OH)1.31 [START_REF] Bergaya | Handbook of Clay Sience[END_REF][START_REF] Murray | Applied Clay Mineralogy Occurrence Processing and Application of Kaolins Bentonites Palygorskite Sepiolite and Common Clays[END_REF]. The modification of Bentone 38 is reached by replacing the interlayer cations of hectorite clay by a quaternary ammonium salt cation (dimethyldialkyl quaternary ammonium cation). The particle size measurement of a 3 wt% organo-hectorite suspension in gasoil using the light scattering technique in a Malvern Mastersizer 3000 showed that the size of swelled organo-hectorite particles ranges from 2 to100 μm with a symmetric distribution on a semi-logarithmic scale at about 15 μm [START_REF] Merad | Rheological and structural characterization of organohectorite dispersions: Influence of the organoclay loading[END_REF].

Rheological Characterization

Rheological measurements were conducted on each concentration. A fresh sample of each emulsion was taken from the hydraulic loop immediately after its preparation and its rheological behavior was studied using a stress-controlled rheometer (AR2000, TA Instruments), equipped with a cone-andplate [START_REF] Malkin | Flow of heavy crude oil-in-water emulsions in long capillaries simulating pipelines[END_REF][START_REF] Wong | Miri light crude water-in-oil emulsions characterization -Rheological behaviour, stability and amount of emulsions formed[END_REF] geometry (diameter: 40 mm; angle: 4°). All measurements were conducted at a constant temperature of 20.0 ± 0.1 °C using a Peltier system. Shear flow experiments were conducted as an attempt to apply the same shear stress ranges reached in the hydraulic loop. To do so, the maximum wall shear stress achieved at the maximum flow rate in the hydraulic loop and its corresponding time were used as a reference for the rheological measurements.

The experimental protocol was defined to simulate the pipe-wall shear history during flow. A preshear at 100 s -1 followed by an increasing shear stress were applied for 1 min, each. After that, a plateau at the maximum wall shear stress measured in the flow loop, was applied for 3 min. Finally, a decreasing shear stress for 1 min was applied. Velocity profiles are obtained using the non-intrusive Ultrasound Pulsed Doppler Velocimetry.

In-line experimental Set-up

Particle velocity is calculated using the following expression [START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF]:

= (1)
where is the acoustic wave celerity in water at a given temperature, is the Doppler shift frequency, is the emission frequency and is the angle between the axis of the UPDV transducer and the flow direction. In the current study = 73,8°.

The in-line emulsification system was composed of two diaphragms (8) placed after the measuring system, with a sudden contraction ratio of 0,5. In a recent study, [START_REF] Wong | Miri light crude water-in-oil emulsions characterization -Rheological behaviour, stability and amount of emulsions formed[END_REF] found that the emulsions formed through continuous flow in pipelines with a sudden contraction ratio of 0,5 showed the best results. The sudden diameter restriction leads to an increase in the local velocity and thus to an increase in the shear rate of the fluid [START_REF] Plasencia | Pipe flow of water-in-crude oil emulsions: Effective viscosity, inversion point and droplet size distribution[END_REF]. The efficacy of the latter system to produce homogenous and stable Pickering emulsions was proven and will be discussed in section 2.5.

It should be noticed that the pump, the pipe-flow and the singularities of the flow loop also contribute to the emulsification process. However, no experiments were conducted to study the influence of each of the latter elements on the emulsification.

The performance of the apparatus is checked using both tap water and pure gasoil at different flow rates in both laminar and turbulent flows.

In-line experimental procedure

A total of eight different tests separated by different rest times were conducted on the studied fluids. It should be noted that all tests were performed at ambient temperature and low pressure (inferior to 3 bars) conditions. Data from all the tests will be discussed in the following sections. For clarity purposes, the chronological order of the different performed tests will be presented. 

Emulsion Preparation

Organo-hectorite in gasoil suspension was first prepared with a given concentration of 3 wt% (B3). It should be noticed that the organoclay concentration was kept constant in the organic phase for the total range of the emulsions. The preparation of the organoclay suspensions was achieved using a continuous mechanical stirring for 24 H. The suspension was then placed in the tank (1) of the hydraulic loop (Fig. 1) and water was added in order to prepare the wanted gasoil/water ratio. After Using the pressure data, wall shear stress was calculated. For unidirectional, axisymmetric pipe-flow, shear stress ( ) at the wall is given as follows:

= ∆ (2)
where ( ) is the pipe radius, ∆"/$ ("%/ ) is the pressure loss over a pipe length $.

Wall shear stress as well as the velocity at the pipe center were plotted as a function of time during the preparation of the 50 wt% water concentration emulsion (Fig. 3). 

Experimental Results

This section presents the main experimental results and findings. In section 3.1, the results of the rheological measurement are be presented. In section 3.2, the flow loop results at equilibrium in terms of wall shear stress and velocity profiles are presented. Afterwards, in section 3.3, the flow regimes in the flow loop as a function of mean velocity are verified. Finally, section 3.4 shows the wall shear stress and velocity results of the emulsions after different resting periods in order to study their short-, medium-, and long-term stability.

Rheological characterization

Shear flow measurements of gasoil in water Pickering emulsions, at different gasoil/water ratios are plotted in a linear scale (Fig. 4). The data is acquired by applying an increasing linear shear stress followed by a constant shear stress at its maximum value, and finally a decreasing linear shear stress.

The values of shear stress and the timing of each step are kept similar to the values measured in the flow loop. The flow curves, i.e., shear stress as a function of shear rate, in Fig. 4 show that the inverse Pickering emulsions exhibit a shear thinning behavior with a yield stress. They also show that the mass concentration of water in the inverse emulsion has an important influence on the rheological behavior of the emulsions. At very low concentrations, i.e., B3 to B3-30 H2O, yield stress is low, the emulsion is very fluid-like and the increasing and the decreasing flow curves overlap, which indicates the absence of time-dependency of the emulsions. On the other hand, at water concentrations superior to 30 wt%, a slight difference between the increasing and the decreasing shear stress curves can be observed, in particular at low shear rates.

The flow curves are fitted using the Hershel-Bulkley model. This model is widely used for rheological behavior of drilling fluids as well as Pickering emulsions and organoclay suspensions [START_REF] Masalova | The rheological characterization and pipeline flow of high concentration water-in-oil emulsions[END_REF]:

= + )ɣ+ , (3) 
where ("%) is the shear stress at a particular shear rate ɣ + (-./ ), ("%) is the yield stress,

) ("% -, ) is the consistency index and 0 (-) is the flow index.

It was decided to fit the decreasing shear stress curves in order to have similar conditions to those found in the flow loop, particularly for the high-water concentrations (B3-40 H2O and B3-50 H2O).

Yield stress as a function of water mass concentration is plotted in Fig. 5. It can be observed that, at water concentrations less than 50 wt%, the yield stress of the emulsions follows an exponential law as a function of water mass concentration:

= 1.256 7.789: (4)

; being the mass concentration of water in the Pickering emulsion. 

In-line equilibrium wall shear stress and velocity profiles

Laminar theoretical velocity profiles were calculated using the rheological parameters of Herschel-Bulkley and the following expression [START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF]:

(<) = = > ? > @ A B 1 0C 1 0 +1D E( -) 1 0 +1 -C A F -D 1 0 +1 G , ≤ < ≤ A B 1 0C 1 0 +1D I( J -) 1 0 +1 K , < ≤ (5) 
The first equation is used for ≤ < ≤ , being the plug radius, where the applied shear stress is superior to the yield stress and the second equation is used for < ≤ where the applied shear stress is inferior to the yield stress and the fluid has a solid-like behavior.

The transition to turbulence was estimated to take place when the experimental data deviated from the Herschel-Bulkley model, which is applicable only in the laminar regime. Turbulence was observed only in the case of B3 concentration, which is a 3 wt% organo-hectorite suspension. The latter signifies that the maximum mean velocity generated by the pump was not sufficient to reach the turbulent regime for any of the studied emulsions due to their high viscosity.

The pipe flow behavior of the emulsions is mainly governed by their rheological behavior. In this section, wall shear stress obtained from pressure drop measurements at equilibrium (Fig. 4, 4) and calculated wall shear stress, using the parameters of the rheological model, are compared.

Wall shear stress, in the case of a unidirectional, axisymmetric pipe-flow is given by Eq. 2 and the theoretical wall shear stress in laminar regime was obtained by resolving the following equation: where L is the mean velocity through a cross section of the pipe, is the pipe radius, is the wall shear stress, ), 0 and are the Hershel-Bulkley rheological parameters.

L = M N OC N O P/D ( -) N O QC1 - A R A D - C/.
Eq. 6 was found by substituting the shear rate expression from the Herschel-Bulkley equation in the Rabinowitsch-Mooney equation which is usually used to calculate the local wall shear rate and shear stress [START_REF] Munoz | Applications of maximum entropy method in capillary viscometry[END_REF][START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF]:

X Y U = / A U Z ( ) [ A 7 (7)
where \ is the volumetric flow rate, is the radius of the pipe, and are the shear stress and the wall shear stress, respectively.

The experimental wall shear stress at equilibrium (full symbols) and the theoretical wall shear stress calculated using the Hershel-Bulkley model parameters (solid line), at different Oil/Water ratios, are plotted as a function of the mean velocity in Fig. 6. In the range of flow rates generated by the pump, all the concentrations, except for B3, exhibit only a laminar flow regime. For the B3 fluid, laminar regime is noticed for mean velocities inferior to 1 m.s -1 .

Fig. 6. Equilibrium experimental and theoretical wall shear stress as a function of the mean velocity.

Fig. 7 illustrates the dimensionless laminar velocity profiles of B3, B3-20H2O and B3-50H2O water in gasoil Pickering emulsions. Each profile is measured at a constant mean velocity plateau (Fig. 2,4).

The theoretical velocity values as a function of the radius were calculated using the Herschel-Bulkley rheological parameters and plotted in solid lines (Fig. 7). It can be noticed that the rheological measurements are in a good agreement with the flow-loop measurements for the wide range of the studied concentrations. It can be noted that velocity profiles get flatter as water cut increases. This is related to the increase of yield stress. The plug radius of the B3 fluid is the smallest and the shape of its profile is similar to that of a Newtonian fluid. This can be explained by the small yield stress value (0,23 Pa) of the B3 emulsion shown in Fig. 4.

In-line flow regimes:

In this section, flow regimes of the studied emulsions in the flow loop will be investigated.

First, the Reynolds number is calculated at the pipe wall:

6 = ]^ _ ( 8 
)
where 6 is the wall Reynolds number, ` is the density of the emulsion, L is the mean velocity of the fluid, a is the pipe diameter and b is the wall viscosity.

The wall viscosity is the ratio between wall shear stress and wall shear rate: 

In the laminar regime, the wall Reynolds number satisfies the Hagen-Poiseuille equation [START_REF] Esmael | Transitional flow of a yield-stress fluid in a pipe: Evidence of a robust coherent structure[END_REF]:

= /8 h ( 11 
)
where is the fanning friction factor and it can be calculated using the experimental data using the expression: In the turbulent regime, the experimental data was fitted using the Blasius, the Dodge and Metzner (1959) and the Virk equations [START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF]. It can be noticed that the fluid is best fitted using the empirical Blasius equation (dashed line). The empirical Blasius equation was developed to simulate the friction factor of Newtonian fluids at the turbulent regime. As it can be observed from Fig. 4 and3, the yield stress of the B3 suspension is very low and its flow index is close to unity. This makes the behavior of the fluid close to that of a Newtonian fluid. The Blasius equation is given by: = 7,79i ( h ) j,Tk (13) 

= A ]^T ( 

Emulsion stability

In this section, the stability of water-in-gasoil Pickering emulsions are studied through their in-line experimental results after different periods of rest.

Short term stability is a key factor used to determine the possibility of an industrial application of the studied emulsions. Firstly, wall shear stress, during a continuous increasing ramp, an equilibrium plateau, and a continuous decreasing ramp of flow rate, was studied. This experiment corresponds to the test (5) illustrated in Fig. 4. All the concentrations were tested. The experimental wall shear stress was calculated using Eq. 2 and the theoretical wall shear stress was calculated using Eq. 6.

Fig. 10 represents the evolution of wall shear stress as a function of the mean velocity. At low concentrations i.e., water cuts under 30 wt%, the increasing (full symbols) and the decreasing (empty symbols) curves of experimental wall shear stress seem to overlap and are in perfect agreement with the theoretical Hershel Buckley behavior. At contrary, at concentration higher than 30% the decreasing curve is positioned above the rising curve and both are positioned above the theoretical curves. different velocities after 10 min of rest. This test corresponds to the increasing ramp of test ( 5) illustrated in Fig. 2. According to previous tests, the B3-10H2O emulsion is in the laminar regime at the studied velocities. It can be noticed that the velocity profiles have the typical shape of those of yield stress fluids [START_REF] Esmael | Transitional flow of a yield-stress fluid in a pipe: Evidence of a robust coherent structure[END_REF][START_REF] Founargiotakis | Laminar, transitional and turbulent flow of Herschel-Bulkley fluids in concentric annulus[END_REF][START_REF] Benslimane | Laminar and turbulent pipe flow of bentonite suspensions[END_REF].

They are characterized by a plug flow at the center of the pipeline, where the resulting shear stress is inferior to the yield stress. The dimensions of the plug depend on the applied shear stress and hence on the mean velocity of the flow. The theoretical velocity profiles using the Hershel-Bulkley model parameters are also represented in Fig. 11.

Unlike in case of equilibrium (Fig. 7), in an increasing ramp, there is a difference between the experimental measurements and the Herschel-Bulkley model. At the beginning of the flow the centerline velocity is much lower than the theoretical one and a velocity jump is noticed at the wall.

This phenomenon has a negligible impact on the wall shear stress. Those differences diminishes as the mean velocity increases and becomes negligible at high velocities. Moreover, the effect of 24 H of rest on the rheological behavior of the studied emulsions is studied to determine their medium-term stability. To do so, velocity profiles of the same B3-10H2O emulsion and at the same mean velocities as in Fig. 11, are showed, after 24 H of rest, in Fig. 12. The phenomenon of velocity jump at the wall becomes much more pregnant and the velocity profile is almost flat at the very beginning of the flow. During this phase, the wall shear stress is noticeably lower than the theoretical value. Similarly, to the 10 min rest case the velocity profiles tends gradually toward the theoretical profiles. Finally, long-term stability of the emulsions was studied by comparing their velocity profiles after long periods of rest. For this purpose, two concentrations were studied: the B3-50H2O emulsion, that was kept at rest for 5 days, and the B3-20H2O, that was kept at rest for 30 days. It is worth mentioning that after rest and at the beginning of circulation, the same behavior previously showed in Fig. 12 is noticed, and that velocity profiles presented in this section are those measured at equilibrium, corresponding to a constant velocity plateau.

First, Fig. 13 shows that the overall behavior of the B3-50H2O emulsion stays the same after 5 days of rest. It can be as well noticed that the maximum velocity slightly diminishes and the profile becomes flatter which indicates a small increase in the yield stress after rest. This increase might be due to a further emulsification of the fluid during the homogenization step before starting the presented tests (Fig. 2, (3)). 

Discussion

Results demonstrate the Non-Newtonian behavior of organo-hectorite gasoil-in-water Pickering emulsions. It has been shown (Fig. 4) that the studied emulsions exhibit shear-thinning yielding behavior that can be fitted using the model of Herschel-Bulkley [START_REF] Wong | Miri light crude water-in-oil emulsions characterization -Rheological behaviour, stability and amount of emulsions formed[END_REF]. A similar behavior was noticed in a previous study regarding highly concentrated organo-hectorite suspensions [START_REF] Merad | Rheological and structural characterization of organohectorite dispersions: Influence of the organoclay loading[END_REF], and was related to the formation of solid-like structures at rest when the dispersing medium is confined with organoclay platelets. Considering these results, it can be assumed that, when water fraction increases in gasoil, the probability of interactions between organo-hectorite platelets increase, thus the formation of complex structures at the interfaces and between water droplets [START_REF] Horozov | Particle-Stabilized Emulsions: A Bilayer or a Bridging Monolayer?[END_REF][START_REF] Garbin | Nanoparticles at fluid interfaces: Exploiting capping ligands to control adsorption, stability and dynamics[END_REF][START_REF] Arab | Nanoparticle stabilized oil in water emulsions: A critical review[END_REF]. This explains the exponential increase of yield stress illustrated in Fig. 5 as well as the solid-like behavior at low shear stresses [START_REF] Miller | Rheology of interfacial layers[END_REF][START_REF] Garbin | Nanoparticles at fluid interfaces: Exploiting capping ligands to control adsorption, stability and dynamics[END_REF]. Furthermore, a hysteresis, between the increasing and the decreasing flow curves, is illustrated in both rheological and flow loop measurements, for water concentrations superior to 30 wt%. However, thixotropy is illustrated in the first (Fig. 4) and dilatancy in the second (Fig. 10). A possible explanation to these opposite behaviors is the presence of 2 competing mechanisms during flow: (1) a complex structure, between organoclay platelets, takes place at rest, and (2) the continuous in-line emulsification during circulation due to the permanent presence of diameter contractions (diaphragms) in the flow loop. Another experimental factor should be taken into consideration when discussing this contrast is the fact that the sampling for rheological measurements is always performed at the end of flow loop measurements in order to ensure having the most homogenous fluid. As the volumes used in rheological measurements are in the order of 1 mL, this procedure was found to be the most suitable to avoid important experimental errors.

Despite using two different measuring systems, equilibrium shear stress values in Fig. 6 coincide well with the Herschel-Bulkley model, extracted from the rheological measurements. This shows that the rheological parameters describe the real rheological behavior of the emulsions. As for the small differences that can be noticed between the results of the two experimental techniques (Fig. 6, Fig. 7, Fig. 9, Fig. 10), they can be induced by several factors among which scale differences, wall slipping effects, measuring geometries, sampling errors for rheological measurements, and temperature differences (in the rheometer, a Peltier system is used for a precise regulation of temperature, whereas in the flow-loop many parameters can influence the fluid temperature such as the presence of singularities i.e., elbows, diaphragms, pump, which makes temperature control more challenging). It should be as well noticed that the used rheometer is stress controlled while the hydraulic loop is shear controlled.

Overall, the agreement between the two measurements techniques, in spite of the possible experimental errors induced by the previously mentioned factors, confirms the stability and the homogeneity of the studied emulsions, the absence of memory effects, and the successful control of wall slipping in both geometries.

Moreover, the studied organoclay-stabilized emulsions show some very promising results in terms of stability. Short-term stability was studied by plotting velocity profiles after 10 min and 24 H of rest (Fig. 11 and Fig. 12). The deviation of in-line measurements from the Herschel-Bulckley model at the beginning of the flow reflects a different structure from that found at equilibrium, i.e., velocity plateau.

An equilibrated structure is noticed again once the highest velocity (L = 1,58 . -./ ) is reached after 60 s from the beginning of the flow. This indicates that, at 10 wt% of water concentration, and after a short time of rest, 1 min of continuous flow is sufficient to reach an equilibrated structural state of the emulsions. A similar behavior was noticed after 24 H of rest with a more pronounced instability at the flow start-up (Fig. 12). This time dependency can be the result of one of the following phenomena: (1) thixotropy which is reversible and results from fluid structuration at rest, (2) aging effects which is an irreversible microstructural change, or (3) macrostructural changes in time as in the case of emulsion phase separation.

Considering that very low wall shear stress values were found to be associated with the measurements showed in Fig. 11 and Fig. 12., a possible explanation of the noted plug flow at the beginning of circulation could be the deposition of a thin gasoil film on the pipe wall at rest, which induces wall slipping during this phase. That said, the continuous in-line circulation and the permanent presence of the diaphragms increase the shear of the outer layers as well as the homogenization of the fluid, and thus rapidly decreases the width of the gasoil film. Similar to the previous case (Fig. 11), a 1-min circulation was found to be sufficient to homogenize the emulsions and to reach an equilibrium state even after 24 H of rest.

In addition to that, comparing equilibrium velocity profiles of the same concentrations and at the same mean velocities after 5 and 30 days (Fig. 13 and Fig. 14) illustrates the high long-term stability of the prepared solid-stabilized emulsions and the efficacity of our in-house emulsification system. If we take into consideration the possible experimental errors between 2 different tests, equilibrium velocity profiles before and after rest overlap and are fully reproducible. This result is in well agreement with the literature as solid-stabilized emulsions are known to have higher stability [START_REF] Santos | Laminar pipeline flow of heavy oil-in-water emulsions produced by continuous in-line emulsification[END_REF], viscoelastic properties, and narrower distribution [START_REF] Malkin | Flow of heavy crude oil-in-water emulsions in long capillaries simulating pipelines[END_REF] than surfactant stabilized emulsions.

Finally, and in order to verify the latter explanations, a volume of 50 ml of each emulsion was poured into a graduated cylinder each, and kept at rest for 4 months at a controlled temperature of 20°C (Fig. 15). For all concentrations, a separated gasoil layer was observed at the top of the emulsions. The quantity of the free gasoil decreased as the water concentration increased. Moreover, this free gasoil can be homogenized within the emulsion using a simple mechanical stirring. These observations can confirm the above-announced explanation regarding wall slipping at the beginning of circulation after rest, due to the presence of a thin gasoil film at the pipe walls (Fig. 12). In the same way, wall slipping may explain the deviation from the Herschel-Bulkley model after 10 min of rest (Fig. 11) as well as the observed shear thickening behavior and flow curve hysteresis at high concentrations in Fig. 10 that can be interpreted by the re-emulsification of the separated gasoil film due to the presence of the diaphragms during the increasing ramp and the plateau. 

Conclusions

The aim of this work is to propose a new affordable technique suited for large scale and in-situ Pickering emulsions preparation, as well as to compare the rheological (small scale) and in-line (large scale) behaviors of a model Pickering emulsion drilling fluid. Water-in-gasoil emulsions stabilized with organo-hectorite particles were prepared through a continuous circulation in a pipe-loop, using 2 diaphragms, i.e., diameter contractions, near to the loop outlet. Six different water/gasoil fractions were prepared, and all experiments were conducted under ambient temperature and low-pressure conditions. Three different mechanisms were noticed: (1) thixotropy related to rheological measurements, (2) dilatancy related to pipe-flow measurements, and (3) wall slipping at the beginning of circulation. Our main conclusions were as follows:

• The proposed emulsification system showed a good potential for the preparation of homogenous and stable Pickering emulsions. The discussed emulsification system seems to be suitable for an in-situ emulsion preparation. This concept can be as well used for a continuous in-line quality control of fluids, using ultrasound measurements, and thus avoiding multiple in-situ sampling and testing. • The studied emulsions were found to exhibit a shear-thinning with yield stress behavior that was successfully fitted using the Hershel-Bulkley model. The evolution of yield stress was found to be exponential as a function of water cut.

• Rheological measurements were found to be representative of the real behavior of the studied emulsions during an established flow regime, and can be used to numerically predict pipeflow behavior of water-in-gasoil Pickering emulsions.

• Short, daily and long-term stability are studied. It was found that after rest times up to 30 days, an in-line homogenization of few minutes is sufficient to reach a structural equilibrium of the emulsions similar to that of freshly prepared ones.
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 11 Fig. 1 represents a schematic diagram of the flow loop used in the current study. The apparatus is composed of a 50 L tank (1) where the organoclay in gasoil suspension and water are initially added. The fluids then go through a volumetric pump (PCM-Moineau, France) (2). The flow rate at the outlet of the pump is regulated and can be measured using a flow meter (3). The loop consists of an assemblage of transparent smooth Plexiglas tubes. It is possible to use two different diameters: 20 mm and 50 mm. In the current study, all the experiments were conducted in the 20 mm tubes. The total length of the tubes is 16 m. The measuring system is composed of two pressure sensors (GS SensorsXPM) (5) and an Ultrasound Pulsed Doppler Velocimeter (6). The pressure sensors are located at 4.36 m and 8 m from the inlet of the flow loop. This placement was chosen to ensure having an established flow at the measuring section. The pressure sensors are calibrated before and after each experiment.
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 2 Fig. 2 illustrates the experimental protocol conducted on all concentrations. First, water is added to the B3 suspension; then the in-line emulsification process (1) begins. It consists of a continuous flow at maximum flow rate until constant values of velocity and wall shear stress are reached. Once the emulsification is reached, and after 24 H of rest (2), the fluid is homogenized through a continuous pipe-flow for 20 min at maximum flow rate (3). Six different velocity plateaus are applied for 3 min (4). 10 min of rest separate each two tests. Pressure and velocity measurements are also registered during the increasing and decreasing velocity ramps.

Fig. 2 .

 2 Fig. 2. Chronological order of measurements.

  what the mixture is pumped at maximum pump rate for at least 10 min. During all the emulsification stage pressure and velocity profile are recorded. The emulsification is considered achieved when the measured local pressure and the velocity profile reach their equilibrium values. It should be noticed that the necessary emulsification time decreases with the gasoil/water ratio of the emulsion. Six different gasoil/water ratios are discussed in this study: 100/0 (B3), 90/10 (B3-10H2O), 80/20 (B3-20H2O), 70/30 (B3-30H2O), 60/40 (B3-40H2O) and 50/50 (B3-50H2O).
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 3 Fig. 3. Maximum velocity and wall shear stress as a function of time during the emulsification process of B3-50H20.

Fig. 4 .

 4 Fig. 4. Cyclic flow curves of inverse emulsion Pickering emulsions correlated using the Herschel-Bulkley Model.

Fig. 5 .

 5 Fig. 5. Yield stress as a function of the mass concentration of water.

Fig. 7 .

 7 Fig. 7. Dimensionless laminar velocity profiles at equilibrium for the emulsions: B3, B3-20H2O and B3-50H2O.

  is given by Eq. 2, and wall shear rate can be calculated by substituting the Herschel-Bulkley model in the velocity expression:

  12)The evolution of the friction factor as a function of the wall Reynolds number for the different concentrations is illustrated in Fig.8. The experimental data appear to be well correlated by the Hagen-Poiseuille equation in the laminar regime (solid line). It can be confirmed that, except for the B3 suspension, all the concentrations are fully in the laminar regime. Regarding the B3 suspension, the critical Reynolds number can be defined as the deviation of the experimental data from the Hagen-Poiseuille equation. At values superior to the critical Reynolds number, the turbulent regime is observed.
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 8 Fig. 8. Fanning friction factor as a function of wall Reynolds number in laminar and turbulent regimes.
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 9 Fig. 9 shows the velocity profiles of the B3 (a) and the B3-30H2O (b) emulsions at different mean velocities. The results of Fig. 9 correspond to the test-4 of Fig. 2. Both laminar and turbulent behaviors can be noticed for the B3 emulsion. For the rest of the concentrations, only laminar velocity profiles can be noticed, which confirms the results previously discussed in Fig. 8.
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 9 Fig. 9. Velocity profiles at the equilibrium at different velocities for the B3 (a) and the B3-30H2O (b) samples.
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 10 Fig. 10. Experimental and theoretical wall shear stress as a function of the mean velocity at increasing and decreasing velocity ramps.
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 11 Fig. 11. Dimensionless velocity profiles of B3-10H2O emulsion after 10 min of rest at a mean velocity increasing ramp.
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 12 Fig. 12. Dimensionless velocity profiles of B3-10H2O emulsion after 24 H of rest.
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 13 Fig. 13. Velocity profiles of a fresh, te, and a 5-day old B3-50H20 emulsion at U = 1,5 m.s -1 .
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 14 Fig. 14. Velocity profiles of a fresh, te, and a 30-day old B3-20H20 emulsion at U = 1,53 m.s -1 .
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 15 Fig. 15. Pickering emulsions at different concentrations after 4 months of rest. From left to right: B3-10H2O, B3-20H2O, B3-30H2O, B3-40H2O and B3-50H2O.