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Introduction

Fossil fuel combustion has contributed greatly to the unprecedented levels of pollution affecting the environment. These effects on the environment have resulted in renewed interest in renewable energy sources. In this context, biomass and more specifically biofuels have emerged as a sustainable source to meet energy demand thanks to its high availability and low cost. Indeed, biomass presently contributes 10-15% of the global energy demand, which places it in third place after coal and oil [START_REF] Bapat | Design and operating experience on fluidized bed boiler burning biomass fuels with high alkali ash[END_REF][START_REF] Saidur | A review on biomass as a fuel for boilers[END_REF][START_REF] Heidenreich | New concepts in biomass gasification[END_REF]. The sources of biomass, of course, vary from one region to region and between countries. For Tunisia, the olive mill solid wastes (OMSW) and the olive mill wastewater (OMWW) provided by olive oil manufactures are the most available biomass resources averaging about 400,000 tons of OMSW and about 1,200,000 tons of OMWW per year. For France, major contributors to biomass include forest residues [START_REF] Felicimo | Potential distribution of forest species in dehesas of Extremadura (Spain)[END_REF] (oaks, pines, holm oaks and cork oaks) and agricultural residues [START_REF] Verma | Agropellets for domestic heating boilers: standard laboratory and real life performance[END_REF] (cereal residues, vegetables wastes and fruit wastes). It should be remembered that on the basis of 1 ton of OMSW, up to 10% of residual oil can be extracted for the manufacture of any kind of soap (liquid/solid). The rest (approximately 900 kg per metric ton) of solid residue can provide furfural (10%) after proper chemical treatment using hydrolysis with sulphuric acid 0.1 M, and extraction using CCl 4 . The rest which is about 800 kg per ton can be used as solid fuel [START_REF] Sebban | Schéma de valorisation des grignons d'Olives produits les Maasras Marocaines (in French)[END_REF]. Currently, Tunisia exports exhausted olive mill solid wastes (EOMSW) to European countries (mainly Italy and Spain), which are used as fuel for industrial furnaces. These data justify our choice on OMSW and on pine sawdust (PS) in order to carry out the present study. The annual world OMWW production varies from 7 to over 30 million m 3 [START_REF] Tsagaraki | Olive mill wastewater[END_REF]. The volume of OMWW produced during the 3-phase process (olive black water) is 0.5-0.8 m 3 /ton of olive [START_REF] Boari | Anaerobic digestion of olive oil mill wastewater[END_REF]. This by-product is a complex pollutant mixture causing serious ecological problems when stored in huge quantities in natural basins without any treatment. Indeed, the OMWW is characterized by its chemical oxygen demand (COD) and its biological oxygen demand (BOD) reaching high concentrations of 100 and 220 kg.m -3 , respectively. Moreover, the OMWW, which consists of organic and inorganic compounds, is characterized by its high acidity [START_REF] Caputo | Disposal of by-products in olive oil industry: waste to energy solutions[END_REF][START_REF] Balice | Indagine analittica sulle acque di vegetazione, Nota 1[END_REF]. The main organic compounds of this type of biomass are lignin, tannin, phenolics, long-chain fatty acid responsible of phytotoxic and antibacterial activities. The principal inorganic compounds are potassium, calcium, sodium, magnesium etc. [START_REF] Tsagaraki | Olive mill wastewater[END_REF][START_REF] Balice | Indagine analittica sulle acque di vegetazione, Nota 1[END_REF][START_REF] Jeguirim | A new valorisation strategy of olive mill waste water: Impregnation on sawdust and combustion[END_REF][START_REF] Kraeim | Impregnation of olive mill wastewater on dry biomasses: Impact on chemical properties and combustion performances[END_REF]. However, several researches have confirmed that OMWW can be impregnated on dry biomasses to produce green fuels with improved quality [START_REF] Jeguirim | Olive Mill Wastewater: From a pollutant to Green Fuels, Agricultural Water Source and Bio-Fertilizer-Part 1. The drying kinetics[END_REF], for agricultural irrigation or as soil fertilizers when used in small quantities, and as fuel since it holds a great energetic potential (up to 18 MJ/kg, dry basis) [START_REF] Jeguirim | A new valorisation strategy of olive mill waste water: Impregnation on sawdust and combustion[END_REF]. This work shows the importance of the impregnation procedure using the OMWW by-product due to its richness in organic/inorganic matter. Note that biomass can be valorized energetically by three routes: physicochemical, biochemical and thermochemical [START_REF] Mckendry | Energy production from biomass (part 2): Conversion technologies[END_REF] routes. The thermochemical route includes pyrolysis [START_REF] Jahirul | Biofuels Production through Biomass Pyrolysis-A Technological Review[END_REF][START_REF] Gagliano | Effectiveness of thermodynamic adaptive equilibrium models for modeling the pyrolysis process[END_REF], combustion [17,[START_REF] Mami | Investigation of the Olive Mill Solid Wastes Pellets Combustion in a Counter-Current Fixed Bed Reactor[END_REF], gasification [START_REF] Sikarwar | Progress in biofuel production from gasification[END_REF][START_REF] Farzad | A Critical review on biomass gasification, cogasification, and their environmental assessments[END_REF] etc. In the present study, two different processes were investigated: an isothermic pyrolysis for producing charcoal in a horizontal furnace, and then a gasification of the prepared charcoal in a Macro-TG. Our choice is based on the flexibility of such process with different types of biomass that can be converted into Syngas generating all kinds of secondary energy [START_REF] Wu | Thermodynamics analysis of a novel steam/air biomass gasification combined cooling, heating and power system with solar energy[END_REF]. It is a relatively new process well known as a new environmentally friendly process needing relatively high temperatures of up to 1400 °C [START_REF] Umeki | High temperature steam-only gasification of woody biomass[END_REF][START_REF] Zhou | Biomass-Oxygen gasification in a high-temperature entrained-flow gasifier[END_REF][START_REF] Qin | High-temperature entrained flow gasification of biomass[END_REF]. Biomass gasification involves gasifiers such as the supply of air, steam or carbon dioxide mixed with an inert gas like nitrogen or argon [START_REF] Blasi | Combustion and gasification rates of cellulosic chars[END_REF][START_REF] Manatura | Exergy analysis on torrefied rice husk pellet in Fluidized Bed gasification[END_REF]. However, the use of CO 2 in gasification appears as a promising strategy that can also reduce CO 2 emissions. In this scenario, CO 2 reacts in the gas phase with hydrogen molecules according to the reverse water gas shift reaction [START_REF] Ostrowski | Biomass low-temperature gasification in a rotary reactor prior to cofiring of syngas in power boilers[END_REF]:

+ → + = + CO H H O CO Δ H 41.2 kJ/mol 2 2 2 (1) 
CO 2 can also react with hydrocarbons such as methane via the dry reforming reaction:

+ → + =+ CO CH 2H 2CO Δ H 246.9kJ/mol 2 4 2 (2) 
Moreover, CO 2 can react with the carbon contained in the char prepared by the pyrolysis process according to the heterogeneous Boudouard reaction:

+ → =- H C CO 2CO Δ 179.5kJ/mol 2 (3) 
+ ↔ =- H C 2H CH Δ 75kJ/mol 2 4 (4) 
Furthermore, the pyrogasification is a complex process involving three main steps: pyrolysis, volatile-matter reforming and char gasification. The char gasification reaction is considered as the limiting step of the process because it is slower compared to the other steps [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF].

Which motivates us is the fact that we value an abundant biomass in Tunisia (EOMSW) and another abundant biomass in France and in Europe (PS) using an innovative process (the gasification). Moreover, the chars' reactivity's and the competitiveness between two gasifiers (CO 2 and H 2 O) at different concentrations and temperatures were investigated. This could solve the problem of lack of energy for Tunisia and the problem of pollution caused by the OMWW. Besides, this policy reduces the effect of overexploitation of forests and wood by-products in Europe. Moreover, a key feature of this study was the fact that these samples were rarely studied by thermochemical processes, but perhaps never by gasification under CO 2 . Hence, after preliminary preparation of the char in the horizontal furnace, we conducted fast gasification tests under an atmosphere of a mixture of N 2 and CO 2 . We focused on the effect of the CO 2 percentages and temperatures on the conversion and its rate and the char reactivity. Moreover, a comparison between these tests and those realized in a previous study [START_REF] Zribi | Hydrogen enriched syngas production via gasification of biofuels pellets/powders blended from olive mill solid wastes and pine sawdust under different water steam/nitrogen atmospheres[END_REF] allows identifying which gasifier is more efficient.

Material and methods

Samples preparation

The olive mill solid wastes (EOMSW) used in this work were obtained from the olive oil and soap factory of Zouila, Tunisia, while, the pine sawdust (PS) was provided by a wood factory situated in France. Samples were prepared using the same procedure detailed in our previous study [START_REF] Kraeim | Impregnation of olive mill wastewater on dry biomasses: Impact on chemical properties and combustion performances[END_REF][START_REF] Zribi | Hydrogen enriched syngas production via gasification of biofuels pellets/powders blended from olive mill solid wastes and pine sawdust under different water steam/nitrogen atmospheres[END_REF]. Four samples types were prepared from the densified residues with and without impregnation with the olive mill wastewater (OMWW):

• PS: composed of 100% pine sawdust.

• PS-OMWW: impregnated PS by OMWW.

• EOMSW-OMWW: Impregnated EOMSW by OMWW.

• EOMSW: composed of 100% olive mill solid waste.

The PS-OMWW and EOMSW-OMWW were prepared when adding 100 kg of OMWW with 89% of moisture (in wet basis) to 20 kg of PS and 20 kg of EOMSW in a ratio (5:1) for each sample respectively (for more details see [START_REF] Kraeim | Impregnation of olive mill wastewater on dry biomasses: Impact on chemical properties and combustion performances[END_REF]). During the impregnation phase, it is impossible to use more of OMWW (overcome the ratio 5:1) because of the limitation of adsorption.

After pyrolysis, the obtained chars were crushed and sieved resulting in a powder with particle sizes less than 100 μm.

Methods

To prevent the negative impact on the reactivity during gasification between volatiles and chars, it is recommended to carry out an atypical gasification strategy separating pyrolysis and gasification into two separate steps [START_REF] Sikarwar | An overview of advances in biomass gasification[END_REF][START_REF] Li | Importance of volatile-char interactions during the pyrolysis and gasification of low-rank fuels -A review[END_REF]. In a first step, slow pyrolysis was carried out under an inert atmosphere using a horizontal furnace in order to produce the recommended chars used during the gasification step. In a second step, the samples were crushed and sieved. The obtained product is a powder of less than 100 µm size. Then, themogravimetric analyses were carried out using a Macro-TG reactor as illustrated in Fig. 1 (see ref. to [START_REF] Lajili | Fast pyrolysis and steam gasification of pellets prepared from olive oil mill residues[END_REF] for a more detailed discussion). The plate on which the samples must be placed has a surface of 16π10 -4 m 2 (about 8 cm diameter). The average speed of the fluid entering the reactor cannot exceed 0.2 m/s to ensure that the flow remains laminar. The volume flow of nitrogen was 6 10 -3 Nm 3 /min. At every experimental run, when the sample is placed in the middle of the electric furnace, we monitor the mass loss using Electronic scales with 1 μg precision (Sartorius Analytical Balance MSU524S-100-DI).

However, when heating the platinum basket, on which the samples are placed, and the ceramic tubes in which circulates the gas flow, the flowing gas dynamic pressure (whichh combines the force exerted on the basket and the drag forces along the ceramic tubes) yields the mass change up to thermal equilibrium. Once such thermal equilibrium was reached and the gas flow was stabilized around the basket and the ceramic tubes, the displayed mass will remain constant. In order to overcome this problem, a preliminary blank test is needed. Then, by simple elimination between blank and real tests, the real mass loss can be determined and corrected for. In this study, we define some key parameters characterizing the gasification process:

The char's reactivity was obtained following the expression:

= - R 1 X dX dt t ( 5 
)
Where X is the conversion of char during the gasification, which is defined as:

= - - X m m m m 0 t 0 a s h (6) 
In this expression, m 0 , m t and m ash are the initial mass of char, the mass at instant t and the mass of the residual ash, respectively. Moreover, when following the Hognon et al. [START_REF] Dupont | Comparison of steam gasification reactivity of algal and lignocellulosic biomass: Influence of inorganic elements[END_REF] demarche, it is possible to determine an intrinsic and constant kinetic parameter k. Indeed, the kinetic law governing the gasification can be simply written as:

= dX dt k(P , T)F(x) CO2 ( 7 
)
where k is the intrinsic kinetic parameter, P CO2 is the carbon dioxide partial pressure, and F(x) is a structural function describing the change in active sites concentration. This function can be obtained from experimental results at any conversion level following the equation:

= F(X) R(X) R(ref) (8) 
Note that the partial pressure of a component of a gas mixture is the product of the molar fraction of this component and the total pressure of the mixture (Raoult's law):

= P x P i i (9)
In our study, the rate of conversion, the reactivity and the structural function are determined for a conversion between 0.2 and 0.8 when the reference reactivity was fixed at X = 0.5 [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF][START_REF] Ollero | The CO 2 gasification kinetics of olive residue[END_REF][START_REF] Van De Steene | Gasificationof wood particles: Experimental and numerical study of char-H2O, char-CO2, and char-O2 reactions[END_REF]. This range was chosen to minimize uncertainties for the small mass loss in the early stages of the reaction (X ∊[0, 0.2]), and to avoid high reactivity values in the final stages of the reaction (X ∊[0.8, 1.0]) [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF].

Correlations expressing k as a function of temperature and partial pressure were reported in the literature [START_REF] Blasi | Combustion and gasification rates of cellulosic chars[END_REF]. Moreover, a common expression for k is the following:

= ⎛ ⎝ -⎞ ⎠ k Aexp E RT P a CO b 2 ( 10 
)
where A is the pre-exponential factor, E a is the activation energy, R is the universal gas constant and b is an exponent highlighting the influence of the CO 2 partial pressure. The latter parameters can be determined only experimentally. For this study, and because of the absence of alternative models for the gasification of these samples types in the literature, we chose to start with a simple model [START_REF] Molina | Reactivity of coal gasification with steam and CO2[END_REF]:

= - dX dt k P T X ( , ) (1 ) 
CO2 [START_REF] Jeguirim | A new valorisation strategy of olive mill waste water: Impregnation on sawdust and combustion[END_REF] By integration of Eq.11, the conversion × takes the following expression:

= - - X e x p kt 1 ( ) 1 (12) 
where, k 1 is a kinetic constant which could be determined by least squares regression method (Table 1). 

Results and discussions

In this section, we discuss the effects of the temperature and the CO 2 partial pressure on the char gasification process for the samples under investigation. A comparison between the effect of the carbon dioxide and the steam will be also carried out. To study the reactivity profiles, we performed experiments in which we varied the temperature at constant gas partial pressure and vice versa. The Labview system's acquisition allows us to record the mass loss of char during gasification. By using Eq. ( 6), it is possible to calculate the conversion X at each elapsed time step.

CO2 gasification experiments

3.1.1. Effects of the CO 2 percentage on the Conversion, the rate of conversion and the char reactivity Fig. 2 shows the influence of the variation of the CO 2 percentage on the conversion. In agreement with [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF][START_REF] Dsappa | The gasification of wood-char spheres in CO2-N2 mixtures: analysis and experiments[END_REF][START_REF] Yao | Kinetic characterisation of biomass char CO2 gasification reaction within granulated blast furnace slag[END_REF], it is obvious that when the CO 2 percentage is increased from 40 to 100%, the char conversion gradually increases and simultaneously the required time of the char gasification gradually decreases.

At a reference temperature of 750 °C, a conversion level of 90% was reached after 350, 500 and 700 s in gasifying atmospheres containing 100%, 70% and 40% of CO 2 , respectively. Therefore, increasing of the CO 2 from 40% to 100% results in a doubling of the higher char reactivity. Similar behaviors were found at 800 and 900 °C.

Experimental and modelled conversions were compared versus time as shown on Fig. 2. It is seen that model and experiment exhibit the same trend [START_REF] Dupont | Comparison of steam gasification reactivity of algal and lignocellulosic biomass: Influence of inorganic elements[END_REF]. However, we do not observe a perfect agreement between results of the experiment and of the model. This may be attributed to the fact that the chosen model is not very suitable to the studied sample type. This result will provide some guidance to improve the model by considering the samples' inorganic composition (mainly K, Si, P) because of their crucial role in the kinetics of gasification due to their catalytic effects.

Figs. 3 and4 illustrate the influence of the CO 2 on the rate of conversion and the char reactivity at 750 °C for PS-OMWW, respectively. It can be clearly seen that the char reactivity increases as the CO 2 percentage is increased from 40 to 100%. This result was expected since with a higher CO 2 concentration, the probability of reaction on available active sites on the char surface area increases. Furthermore, this result shows that there is no CO 2 percentage effect limitation as it was stated by Guizani et al. [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF] for whom 30% CO 2 is the limit for maximum reactivity. This is may be attributed to the specificity of samples used in this study (mainly organic and inorganic composition) per rapport to wood chips used by Guizani et al. [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF].

Effects of the temperature on the Conversion, the rate of conversion and the char reactivity

The effect of the temperature on the conversion is evaluated using experiments realized with temperature ranging between 750 and 900 °C. Fig. 5 shows the char conversion evolution versus elapsed time when testing EOMSW for a percentage of 100% CO 2 and for three different temperatures. The results show an increase in the char conversion and, consequently, a decrease of the characteristic time of 12)) respectively. gasification. This conclusion is consistent with some results reported in the literature [START_REF] Tong | A kinetic study on lignite char gasification with CO2 and H2O in a fluized bed reactor[END_REF][START_REF] Mani | Reaction kinetics and mass transfer studies of biomass char gasification with CO2[END_REF][START_REF] Hodge | The significance of char morphology to the analysis of high-temperature char-CO2 reaction rates[END_REF]. Indeed, Tong et al. [START_REF] Tong | A kinetic study on lignite char gasification with CO2 and H2O in a fluized bed reactor[END_REF] realized lignite char gasification tests using CO 2 , H 2 O and their mixture in a fluidized bed reactor. They observed that the reactivity of gasification enhances rapidly when the temperature increases from 1333 °C to 1483 °C. As for Mani et al. [START_REF] Mani | Reaction kinetics and mass transfer studies of biomass char gasification with CO2[END_REF], they noticed that at a rate of conversion equal to 50% during biomass char gasification with CO 2 the reactivity increases with temperature, and it decreases as the particle size increases. In addition, Hodge et al. [START_REF] Hodge | The significance of char morphology to the analysis of high-temperature char-CO2 reaction rates[END_REF] concluded that conversion during coal chars gasification with CO 2 increases with increasing residence time and reaction wall temperature. In the present study and conformingly to Fig. 5, the complete conversion was reached after 100, 500, 1080 s with temperatures of 900, 800, 750 °C, respectively. Accordingly, a 150 °C increase in the gasification temperature ten-fold increase in reactivity [START_REF] Van De Steene | Gasificationof wood particles: Experimental and numerical study of char-H2O, char-CO2, and char-O2 reactions[END_REF].

The kinetic constant k is also determined for the EOMSW using least squares regression (Table 2) to compare the experimental and modelled conversions in Fig. 5. Moreover, except 900 °C curve profile for which the model and experimental curves are in a good agreement, the two other profiles show discrepancies. This allows to the conclusion that the model we used is not very suitable for these types of samples and for certain range of temperature.

Besides, for a given percentage of CO 2 , the effect of the variation of the temperature from 750 to 900 °C on the rate of conversion and the char's reactivity is shown in Fig. 6, and Fig. 7. One can conclude that the samples become more reactive when temperature is increased [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF][START_REF] Van De Steene | Gasificationof wood particles: Experimental and numerical study of char-H2O, char-CO2, and char-O2 reactions[END_REF]. Indeed, the influence of temperature can be explained by the fact that gasification process is governed by several endothermic reactions (such as Eqs. ( 3) and ( 4) [START_REF] Baláṧ | The effect of Temperature on the Gasification Process[END_REF]. For example, the carbon hydrogenation resulting in methane formation is enhanced by temperature and the optimum conditions correspond to T above 1100 °C and pressures between 0.6 and 0.8 MPa when using nickel as catalyst [START_REF] Baláṧ | Steam Biomass Gasification-Effect of Temperature[END_REF].

Effects of the impregnation by OMWW on the Conversion, the rate of conversion and the char reactivity

The OMWW used for the impregnation process and the production of (EOMSW-OMWW) sample is characterized by organic and inorganic compounds. Table 3 shows that alkali metals such as potassium, calcium and sodium are highly concentrated in the impregnated samples compared to the raw ones. Moreover, it was reported in the literature that these inorganic elements exhibit catalytic effects during gasification [START_REF] Jeguirim | The relationship between mineral contents, particle matter and bottom ash distribution during pellet combustion: molar balance and chemometric analysis[END_REF][START_REF] Li | Study on CO2 gasification reactivity of biomass char derived from high-temperature rapid pyrolysis[END_REF].

Fig. 8 shows clearly the effect of the OMWW on the char gasification at 800 °C and for 70% CO 2 . Indeed, of the impregnation process by OMWW enhances the char reactivity and reduces the characteristic Fig. 5. Influence of temperature on the conversion of EOMSW under 100% CO 2 . Solid and dashed lines correspond to experiment and model (Eq. ( 12)) respectively. time for a 90% of conversion by more than a factor of 3. Also, as can be seen in Figs. 9 and 10 for a temperature of 800 °C and for 70% CO 2 , the rate of conversion dX/dt, which is as an indicator of the samples' reactivity, depends strongly on the samples' type. Hence, the addition of the OMWW for each sample enhances its reactivity thanks to its richness in inorganic matter (K, Ca and Na) [START_REF] Sebban | Schéma de valorisation des grignons d'Olives produits les Maasras Marocaines (in French)[END_REF][START_REF] Chouchene | Combined process for the treatment of olive oil mill wastewater: Adsorption on sawdust and combustion of the impregnated sawdust[END_REF].

H 2 O vs CO 2 gasification experiments:

Comparison between the effects of the steam and the carbone dioxide atmospheres

At this stage of the study, one attempt to make comparison between the CO 2 and the water steam used in our previous work [START_REF] Sikarwar | An overview of advances in biomass gasification[END_REF]. For this purpose, we considered two gasification tests realized with (20% H 2 O, 750 °C) in the previous study and (40% CO 2 , 750 °C) in the present work and for the same sample EOMSW-OMWW. The ideal would be to compare exactly under the same conditions of temperature and gasifier percentage. However, even with a lower concentration the effect of H 2 O was stronger as it is shown below. The conversion levels versus time are shown in Fig. 11. The figure shows that the CO 2 gasification exhibits a notable increase of the required time for X = 0.9 by nearly two times. This behavior are consistent with the results reported by [START_REF] Van De Steene | Gasificationof wood particles: Experimental and numerical study of char-H2O, char-CO2, and char-O2 reactions[END_REF][START_REF] Tong | A kinetic study on lignite char gasification with CO2 and H2O in a fluized bed reactor[END_REF][START_REF] Guizani | Biomass char gasification by H2O, CO2 and their mixture: Evolution of chemical, textural and structural properties of the chars[END_REF] who proved that at the same temperature, the gasification is enhanced by replacing CO 2 with H 2 O.

Figs. 12 and 13, showing the rates of conversion and the reactivity, confirm the same trend with the rate of CO 2 gasification being slower than the rate of the steam gasification. Again, this result is consistent with results reported in the literature [START_REF] Roberts | Char Gasification with O2, CO2, and H2O: Effects of Pressure on Intrinsic Reaction Kinetics[END_REF][START_REF] Wang | Berry D The reactivity of coal char in chemical looping gasification and combustion[END_REF] showing that gasification with H 2 O is two to five times faster than with CO 2 [START_REF] Van De Steene | Gasificationof wood particles: Experimental and numerical study of char-H2O, char-CO2, and char-O2 reactions[END_REF][START_REF] Harris | Intrinsic reactivity of petroleum coke and brown coal to carbon dioxide, steam and oxygen[END_REF]. This gap is may be due to the difference in the intrinsic reactivity of C-H 2 O and C-CO 2 reactions [START_REF] Van De Steene | Gasificationof wood particles: Experimental and numerical study of char-H2O, char-CO2, and char-O2 reactions[END_REF]. Thus, Tong et al. [START_REF] Tong | A kinetic study on lignite char gasification with CO2 and H2O in a fluized bed reactor[END_REF] proved that at the same temperature, and with three different atmospheres, the gasification rate was higher with: 50%N 2 /50%H 2 O, 50%CO 2 /50%H 2 O and 50%N 2 / 50%CO 2 respectively, while the order of peak reaction rates was 50%CO 2 /50%H 2 O, 50%N 2 /50%H 2 O and 50%N 2 /50%CO 2 respectively. Also, they concluded that the average reaction rate in 50%CO 2 /50% H 2 O atmosphere was slower than 50%N 2 /50%H 2 O which indicates that CO 2 and H 2 O compete for the same reaction active pores on the char surface area. Moreover, when increasing the temperature, the competition power of CO 2 over H 2 O increases gradually, so that CO 2 was able to occupy more active sites (pores) than H 2 O when the temperature reaches 1433 °C.

Determination of the reactivity profile F(X)

Next, we investigate the reactivity profile, F(X). Fig. 14 shows this reactivity profile as a function of conversion level, X. The average reactivity profiles for H 2 O and CO 2 show practically the same trends, except that for the H 2 O the reactivity profile exhibits a steeper and more nonlinear trend in terms of X. This may be due, according to [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF], to the limited access of the CO 2 molecules to the core of the char particle, despite the advanced gasification stage. The average of the function obtained for the H 2 O gasification experiments has the following expression:

= + + F x X X ( ) 1.0223 0.4893 0.7379 H O 2 2 (12) 
While the structural function corresponding to CO 2 gasification can be expressed as:

= + + F x X X ( ) 0.6672 0.14 0.8646 CO2 2 (13) 

Synthetic summary on discussions

Following the discussions widely undertaken above, the following points can be noticed:

• The 4 samples prepared from impregnated and non-impregnated blends of EOMSW and PS using OMWW as impregnation agent show different behaviour compared to woody biomass during gasification. Indeed, we found that there is no CO 2 percentage effect limitation as it was stated by Guizani et al. [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF] for whom 30% CO 2 is the limit for maximum reactivity. This is may be attributed to the specificity of samples used in this study (mainly organic and inorganic composition) per rapport to wood chips used by Guizani et al. [START_REF] Guizani | The gasification reactivity of high-heatingrate chars in single and mixed atmospheres of H2O and CO2[END_REF].

• Despite that the kinetic model and experiment exhibit the same trend; we do not observe a perfect agreement between results of the experiment and of the model. This may be attributed to the fact that the chosen model by Hognon et al. [START_REF] Dupont | Comparison of steam gasification reactivity of algal and lignocellulosic biomass: Influence of inorganic elements[END_REF] was simple and not very suitable to the studied sample type. This result will provide some guidance to improve the model by considering the samples' inorganic composition (mainly K, Si, P) playing a crucial role in the kinetics of gasification due to their catalytic effects.

• The impregnation process using OMWW enriches the samples by inorganic elements which enhance the char reactivity and reduce the characteristic time for a 90% of conversion by more than a factor of 3.

• It was clear that H 2 O effect is stronger than CO 2 . Moreover, CO 2 and H 2 O compete for the same reaction active pores on the char surface area. Furthermore, when increasing the temperature, the competition power of CO 2 over H 2 O increases gradually, so that CO 2 was able to occupy more active sites (pores) than H 2 O when the temperature reaches high levels.

Conclusion

The objective of this work was to carry out gasification experiments on four different chars provided from Tunisian and French biomasses (OMSW, OMWW and PS) under different isothermal temperatures and different percentages of carbon dioxide mixed with nitrogen (N 2 ). It is shown that the conversion, the rate of conversion and the char's reactivity increase with temperature for a given carbon dioxide percentage and vice versa. Moreover, the EOMSW-OMWW exhibits the highest gasification rate due to the richness of the samples in inorganic elements (K, Na, Ca) concentrated especially in the OMWW. Furthermore, the gasification using the steam was found to be more reactive than the gasification via the carbon dioxide due to the difference in the intrinsic reactivity of C-H 2 O and C-CO 2 reactions. Finally, the simple model used for describing the gasification kinetic was not adequate for the used samples. Hence, an improvement of the model based on inorganic 
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Fig. 10 .
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Fig. 12 .
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Fig. 13 . 14 .

 1314 Fig. 13. Influence of the gasifier agent on the char gasification reactivity of the EOMSW at 750 °C. Fig. 14. Evolution of structural function versus conversion using steam and carbon dioxide.

Table 1

 1 Kinetic constant values during PSOMWW gasification at 750 °C.

	CO2 %	s -1 unit
	100% CO 2	k 1 = 0,0069
	70% CO 2	k 2 = 0,0051
	40% CO 2	k 3 = 0,0033

Table 2

 2 Kinetic constant values during EOMSW gasification under 100% CO 2 .

	Temperature	s -1 unit
	900 °C	k 1 = 0,034
	800 °C	k 2 = 0,0076
	750 °C	k 3 = 0,0031

Table 3

 3 Concentration of the main inorganic elements in the used samples (g/kg dry basis).

	Parameter	EOMSW	EOMSW-OMWW	PS	PS-OMWW
	K	3.67	7.53	0.36	3.40
	Ca	1.13	1.45	0.36	0.87
	Na	0.78	1.79	0.01	1.15
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compounds known by their catalytic effects should be investigated in our future work.
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