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Introduction

The new light emitting materials have received a lot of attention in recent decades for their versatile applications in optical fibre amplifiers, lasers, waveguides, X-ray imaging, bioimaging, electroluminescent emission field [START_REF] Blasse | Luminescent Materials[END_REF][START_REF] Justel | [END_REF]3,4,5,6,7,8,9] and the application of solar energy [START_REF] Blasse | Luminescent Materials[END_REF][START_REF] Justel | [END_REF]. Considerable research activity is underway to explore the new luminescent materials, to improve their chemical stability, and to adapt the chemistry of their materials for the production of the technology for each application. To produce optically active components, some materials are doped with metal ions and with levels rarely exceeding a few atomic percent.

The doping nature fixes many of the component parameters. In particular, the rare earths ions incorporated in high refractive index media allow the improvement of luminescence in the photovoltaic application [5]. Rare earth elements are widely used because of their large transitions numbers [10,11], covering a spectral range extending from near ultraviolet to infrared [12,13,14,15]. They also possess a spectral insensitivity to the matrix into which they are introduced. For example, an erbium-doped crystal or glass always appears pink [16,17].

Transition metals do not exhibit this stability. Thus chromium gives the red color to alumina (ruby) and the green to silica.

Among the various doped oxide with luminescent lanthanide ions, we are also interested to yttrium oxide. Yttrium oxide, assimilated to the family of rare earth oxides because of the strong similarities on the outer electronic layers between yttrium and lanthanides, brings together several very interesting characteristics that fully justify its study: high point melting point (2450°C) [18], high free energy formation [19], excellent dielectric properties (kY2O3 ≈ 12-18) [20] and optical properties (high refractive index n = 1.9) [21], host matrix for metal nanoparticles [22], photoluminescence when doped with other rare earths [23], good resistance for ions irradiation [24]. The physical properties of these materials can be strongly modified by changing their composition or by introducing defects. The doping of yttrium oxide with other rare earths leads, for example, to a modification of the optical properties (photoemission) [25].

The ionic conduction properties can also be considerably increased by creating and by stabilizing the disorder on the oxygen vacancies [26]. The quality of the powders is crucial for the production of high performance ceramics. The powders must have a high purity, a fine grain size, a narrow size distribution and a good dispersion. However, the particles at the nanoscale tend to agglomerate because of their larger surfaces, which affects the frittability of the powder and the ceramic properties.

The suspending is an important step for the photovoltaic application to fabricate nanostructured thin films. Indeed, the formation of a dense and homogeneous deposit and/or the incorporation of Y2O3 nanoparticles into pores are possible only from a stable suspension [27].

From theoretical studies, the sedimentation rate is due to the possible collisions, which occur between nanoparticles, and to their concentration. Derjaguin, Verway, Landau and Overbeek (DVLO) [28,29] have introduced a theory that the nanoparticles stability is due to the combination of the Van der Waals force (attractive) and double layer strength (repulsive). Some procedures are used to stabilize nanoparticles as: ultrasonic vibration; surfactants; pH variation of the base particles, which influences the Zeta potential around the nanoparticles, as described by Sharma et al. [30] and Ghadimi et al. [31].

As their name suggests, dispersants have the function of maintaining an homogeneous dispersion of the various solid particles, in suspension, avoiding the formation of particle aggregates, possibly leading to the separation of liquid and solid phases (sedimentation) [32].

Dispersants fulfil their role by adsorbing on the particles surface, creating additional repulsive forces between particles. Some dispersants act primarily by electrostatic repulsion while others prevent NPs from approaching each other by steric repulsion. These stabilization mechanisms are seen in previous studies [27].

Taking the above in consideration, in the present study, we have focused to the synthesis of doped and undoped Y2O3 nanopowder by sol-gel method and its characterization. Then, preparation of doped and undoped Y2O3 liquid suspensions using the ultrasonic agitation for use in coating preparation. The effect of RE dopant element, solvents and heat treatment to enhance the stability of the suspension were determined.

II.

Experimental Procedure

Sample Synthesis

The preparation of doped and undoped Y2O3 nanoparticles with Er and/or Yb is based in two steps: the preparation of yttria solution and the drying in supercritical condition of ethanol. For the preparation of yttrium oxide (Y2O3), a precise mass of yttrium acetate ([C5H7O2]3•xH2O, Sigma-Aldrich) is dissolved in ethanol. Then, a well-defined volume of methanol (solvent) and acetic acid (catalyst) was added. In situ production of water is formed by esterification reaction between acetic acid and methanol. To prepare a doped solution, a specific percentage of erbium (III) nitrate pentahydrate (Er(NO3)3.5H2O, Sigma-Aldrich) and ytterbium nitrate pentahydrate (Yb(NO3)3.5H2O, Sigma-Aldrich) as lanthanide precursors was mixed with the solution. Each solution was stirred magnetically for 30 minutes. The solution obtained was then placed in an autoclave heated up to 243°C and pressurized to overcome the critical point of ethanol (Tc = 243°C, Pc = 63 bar). After maintaining the temperature at 243°C for 1h, the sol gelation occurred. To evacuate the interstitial solvent, depressurization for 1h down to room temperature was conducted with nitrogen gas. Finally, after cooling of the autoclave at room temperature, a very fine powder was recovered and annealed at 500 °C and 800°C for 2h.

Preparation of nanoparticles suspension

According to preliminary studies, 0.05g/100ml was chosen as the optimal concentration for the elaborated nanoparticles dispersion. For this aim, a mother solution consists to mix 0.05 g of doped and undoped Y2O3 with 100 ml of distilled water or 100 ml of ethanol or methanol. All prepared suspensions were then stirred magnetically for 24 hours to disagglomerate the aggregates of the nanoparticles. In order to promote disagglomeration [33] and to form homogenous dispersions before any tests, ultrasonication was applied for 1h. The ultrasonic exposure time has been optimized in previous studies [27].

Characterizations

The thermal properties of the Y2O3 nanopowders were performed using a simultaneous thermal analyser (Setaram SETSYS Evolution 1750) by heating to 1300°C at a heating rate of 10°C/min (20°C/min in descent) in air. The structural properties of the samples are determined by using Siemens D8 θ/2θ diffractometer (XRD) with CuKα radiation (λ = 1.54Å). The X-ray diffraction patterns were acquired over the 2θ range from 20° to 90° at a sampling width of 0.05°. The morphology and chemical composition of the doped and undoped Y2O3 nanoparticles was examined by field-emission scanning electron microscope (FE-SEM, Philips XL 30) using an accelerating voltage of 20 keV.

The stability of doped and undoped yttrium oxide suspension was estimated from the variation of its optical absorbance using UV/vis Perkin Elmer Lambda 950 spectrometer operating from 250 to 1400 nm. Zeta potential measurements and particle size distribution of the doped and undoped Y2O3 suspensions elaborated in different solvents was studied using a zeta potential analyzer DTS 1060 C model clear disposable zeta cell (Malvern Instruments). The interparticle interactions of these nanoparticles suspensions was determined using the Hamaker 2.2 software.

III. Results and discussion

Characterization of Y2O3 Nanoparticles

In order to estimate beforehand the calcination temperature allowing to obtain a well crystallized oxide, the nanopowders of Y2O3 were analyzed by the TG-DTA analysis and the results for the Y2O3 nanoparticles are presented in Figure 1. The TG curves for the Y2O3 nanopowders show a weight loss in three stages between 20 and 300°C, from 350 to 500°C and from 500 to 772°C, respectively. The recorded weight loss is characterized by two endothermic peaks of the ATD curve which could be attributed to the loss of water molecules and the partial decomposition of the adsorbed solvents inducing the dehydration of the sample [34]. At temperatures between 350 and 500°C, the weight loss is assigned to the decomposition of the acetate groups and the oxidative decomposition of the organic matter which has according to the ATD curve two exothermic peaks. At temperatures between 500 and 772°C, the weight loss could be attributed to the combustion of organic substances bonded to nanopowders [35] resulting in an exothermic process as detected in corresponding DTA curve. The last region exceeds 772°C and shows no loss of mass and no peak indicating the complete formation of cubic particles of yttria and the crystallization of elaborated nanopowders: it is the thermal stability [36]. The ATG and ATD curve of yttria shows a thermal stability from 750°C and confirms a good stability of the prepared material so this temperature is taken for the annealing of the sample and becomes well crystallized.

The XRD pattern of Y2O3 nanopowder annealed at different temperatures 500°C and 800°C for 2 h are shown in Fig. 2. Before heat treatment, yttrium oxide nanoparticles remain amorphous but after annealing the crystallinity of the nanopowders improves with the increase of the synthesis temperature. The obvious diffraction peaks of the cubic Y2O3 structure in the range of resolution of XRD were well defined with treatment, which indicated good crystallinity of the synthesized Y2O3 nanopowder annealed at 800°C. In fact, the diffraction peaks at 2θ (degree) of 20.54°, 29.18°, 33.71°, 39.84°, 43.49°, 48.62° and 57.69° were indexed as (211), ( 222), (400), ( 411), (332), ( 440) and (622) planes of the pure cubic phase Y2O3 (PDF n° 72 -0927). The cubic phase of Y2O3 according to the hanawalt method [37] has been characterized by plane (222), ( 400) and (440), the most intense peaks in 29.2, 33.7 and 48.4 diffraction angles, respectively. XRD diagrams of Er and/or Yb doped Y2O3 nanoparticles and treated at 500°C and 800°C for 1h (Fig. 3) revealed that the structure is still pure cubic after doping and that the doping does not affect the yttria matrix structure [38]. Indeed, no additional peaks of the Er2O3 phase or of the Yb2O3 phase for the elaborated nanoparticles thus showing the good incorporation of the Er 3+ and Yb 3+ ions into the Y2O3 matrix during the heat treatments. Yb 3+ and Er 3+ occupy the lattice sites of Y 3+ ions [START_REF] Markose | Proc. of SPIE[END_REF].

The grain sizes of Y2O3 have been calculated using Scherer's equation:

D = K λ/ β cosθ (1)
Where K = 0.9; D represents the crystallite size; λ is the wavelength of Cu (Kα) radiation and β is the corrected half width of the diffraction peak. The average particle size of Y2O3 nanopowder calculated according to Eq. ( 1) is shown in Table 1.

The size of the elaborated yttria nanoparticles annealed at 800°C decreases after the doping that limits the magnification of the nanoparticles size. The photovoltaic application requires the smallest nanometric size to decrease the loss of light.

The morphological characterization of the yttria powder by SEM (Fig. 4) shows that the powder consists of spherical heterogeneous particles. The particles are well separated and their boundaries are clearly visible. These spheres are bubbles of the 500 nm order enriched with small agglomerated grains with a size of about 10 nm, in accordance with the size estimated by the Debye Scherrer equation from the XRD analyses.

Characterization of Y2O3 suspension

The effect of heat treatment, the effect of doping and the effect of solvents will be studied in order to evaluate the suspensions stability of elaborated nanopowders.

a. Effect of solvents on suspension stability

The stability of 5%Er:Y2O3 suspensions at various solvents was measured on the base of the zeta potential. A potential zeta is about at least 30 mV (positive or negative) was normally necessary to acquire a reasonable stability dispersion [START_REF]Zeta Potential: An Introduction in 30 Minutes[END_REF]. Fig. 5 shows the effect of solvents Van der Waals between the nanoparticles. On the other hand, the repulsive force of the suspension, when water is a solvent, is dominant between particles.

b. Effect of the doping on the suspension stability

In order to study the doping influence on the suspension, measurements of absorbance spectra as a function of wavelengths without and with doping of the elaborate nanopowders dispersed in water were performed. According to the Fig. 6, it can be observed that the suspensions of the nanopowders are strongly influenced by the presence of the dopants of rare earth ions Er and/or

Yb. In all the absorbance spectra, it is clear that the suspension of the treated and untreated Er doped Y2O3 nanoparticles, dispersed in in water, has the highest absorbance. This result shows that the doping of Y2O3 nanoparticles with Er promotes the dispersion quality and gives well stabilized and well dispersed solutions. This limits the aggregation of nanoparticles and therefore improves their stability.

Zeta potential is often used as an indicator of the suspension stability. It is clear in Fig. 7 that the aqueous suspension prepared by the Er-doped Y2O3 nanoparticles has the highest zeta potential. In fact, it increases from 37.5 mV for the 5%Er-5%Yb:Y2O3 to 48.1 mV for the 5%Er:Y2O3. This result indicates that the suspension which gives the highest zeta potential in absolute value is therefore the best stable solution which is the suspension prepared with 5%Er:Y2O3. Nevertheless, we also note that there are high zeta potential values that correspond to solutions that are stable during time using water as the solvent. Zeta potential measurements confirm the results obtained with UV-visible spectroscopy. The doping of Y2O3 nanoparticles with Erbium improves suspensions to disagglomerate and remain stable since Y2O3 is a promising host material for Er 3+ and Er2O3 and Y2O3 have the same crystal structures with a very similar constant network, and the trivalent ions Y 3+ and Er 3+ have almost the same ionic radiation [41].

c. Thermal treatment effect of the nanopowders on the suspension

To investigate the effect of heat treatment of powders on the suspension, absorbance measurements as a function of the wavelengths (from 250 nm to 1400 nm) of the raw nanopowders and treated at 500°C and 800°C dispersed in water were performed. The UVvisible spectra illustrated in Fig. 8 show that the absorbance strongly depends on the annealing temperature of the doped and undoped elaborated Y2O3 nanoparticles. Indeed, the intensity of the absorbance band of the raw nanopowders is the highest in all the spectra. Thus, the nanopowders treated at 800°C have the intensity of the weakest absorbance band. The solutions of the treated nanopowders decant quickly compared to the suspensions of untreated powders.

This observation shows that the repulsive forces of the raw Y2O3 suspension are greater than the attraction forces. This confirms that the heat treatment has a negative effect on the stability of the powders suspensions. This result was explained by the increase in grain size during heat treatment of the nanoparticles by increasing the annealing temperature as shown by the XRD analysis. Naturally, more the size of nanoparticles augments more there is possibility of having an agglomeration.

To explain this result, zeta potential measurements have been performed. The zeta potential of different nanoparticles suspensions prepared in water are provided in Fig. 9. It can be seen that the zeta potential decreases with increasing annealing temperature of elaborate nanopowders.

More in details, it increases from 1.59 mV to 47.2 mV for the treated nanoparticles at 800°C and the raw nanoparticles, respectively. The same fall of the zeta potential in all the spectra of the nanopowders was observed. The heat treatment of the elaborate nanopowders negatively influences on the zeta potential and the suspensions stability. These results are confirmed by the results of UV-Visible spectra.

The average size of aggregates increased with increasing annealing temperature. To support this result, the grain size (nanoparticles) of the untreated 5%Er:Y2O3 aqueous suspension and annealed at 500°C and 800°C / 2h was measured by the Zeta Sizer. Fig. 10 shows that the particle size of the nanopowders in suspension decreases as a function of the annealing temperature. The lowest average size intensity distributions were obtained with the aqueous dispersions of the treated nanoparticles. The lowest measured size values were around 2000 to 3000 nm, for nanoparticles in suspension annealed at 500°C and at 800°C for 2 hours, which are higher than the particle size of the untreated powders which is about 700 to 800 nm. The heat treatment of the elaborated nanoparticles improves the agglomeration and rapid decantation of the suspension and the solutions become unstable. This observation is in good agreement with the analysis by UV-Visible spectroscopy and the measurement of the zeta potential.

d. Interparticle potential calculation

The Interparticle interaction calculations were used to predict or explain either the good dispersion or the coagulation of all or part of the suspension. These interactions of repulsive forces and attraction forces are described by the DLVO theory. In this work, Hamaker 2.2 software was used to calculate the potential interaction between particles. Using this program, the interaction potentials can be calculated taking into account Van der Waals, electrostatic interaction and steric interaction in ceramic suspensions [42,43]. Hamaker constant A can be calculated by the following equation Eq. ( 2) [44]:

A= (3/4) KT( 𝜀 𝑚 -𝜀 𝑝 𝜀 𝑚 +𝜀 𝑝 ) 2 + 3ℎ𝜔(𝑛 𝑝 2 -𝑛 𝑚 2 ) 2 16√2(𝑛 𝑝 2 +𝑛 𝑚 2 ) 3/2 (2)
Where h is Planck's constant, h=6.626×10 -34 J s, k is Boltzmann's constant, k=1.381×10 -23 J/K, T is the absolute temperature, T=300K. np and nm are the refractive indexes of particles and medium, respectively. ɛp and ɛm are the dielectric constants of particles and medium, respectively. ω is UV adsorptive frequency, ω=3.0×10 15 s -1 . According to the Fig. 11, it can be noticed that the Er-Yb:Y2O3 nanopowders suspension has a low interparticle potential which results in an important interaction, whereas the nanoparticles agglomerate and the suspension becomes unstable. The Y2O3 and Yb:Y2O3 suspensions are less dispersed since they have lower interactions. Nevertheless, the Er:Y2O3 suspension has high potential, leading to a lower interparticle interaction. This observation indicates that the suspension is homogeneous and well dispersed. While the Er:Y2O3 suspension dispersed in water was the suspension that has the best stability and the most stable solution. These results are in a good agreement with the results of UV-Visible spectroscopy and zeta potential. The Fig. 12 shows that the interparticle potential of suspensions becomes low by increasing the annealing temperature of the Er:Y2O3 nanopowders, indicating that the interaction between the particles becomes more important and high. Therefore, the treated nanopowders could strongly attract and aggregate and their suspensions become unstable. This result confirms our previous studies.

IV.

Conclusion

The host matrix Y2O3 would allow the incorporation of erbium concentration much higher than that of other oxides. In this context, we have been able to develop Y2O3 nanoparticles undoped and doped with Erbium and/or Ytterbium by sol-gel method using the supercritical drying of ethanol. The obtained nanopowders are in spherical form. Thus, they are well crystallized at 800°C/2h in the cubic phase and the dopants are well incorporated without a structural distortion. Then, the nanoparticles are dispersed in various solvents such as water, ethanol and methanol and then sonicated in order to break the agglomerates into small agglomerates and very fine aggregates. Homogeneous and stable solutions were successfully prepared. The 5%Er:Y2O3 suspension in water was well dispersed and demonstrate an excellent stability. The disagglomeration process and the suspensions stability were improved by the doping with Er.

These stable suspensions of undoped and Er and/or doped elaborated Y2O3 nanoparticles will be used for the synthesis of the thin layers on glass or silicon substrates for our photovoltaic application. 
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Fig. 11 and

 11 Fig.11and Fig.12show the interparticle potential of the doped and undoped Y2O3 nanoparticles suspensions and the Er doped Y2O3 nanoparticles suspensions raw and treated at 500°C and 800°C for 2 h dispersed in water, respectively. Taking into account in our previous studies the Er doped Y2O3 nanopowders suspension presents the best solution and it has a good stability.
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and table 3 list the data used for interparticle potential calculations through Hamaker 2 toolkit.

Table . 1. Particle size (nm) of prepared Y2O3 nanopowder with different concentrations of Er/Yb.

 . 

	Sample	d (nm) 500°C	d (nm) 800°C
	Y2O3	10	38
	5%Yb:Y2O3	9	30
	5%Er:Y2O3	8	29
	5%Er-5%Yb:Y2O3	10	

Table . 2.Parameters used in the Hamaker 2 calculations for different nanopowders developed dispersed in water.

 . 

	Nanopowder (in water)	Y2O3	5%Yb:Y2O3 5%Er:Y2O3	5%Er-5%Yb:Y2O3
	Zeta potential (mV)	47.2	44.8	48.1	37.5
	Zeta plane (nm)	0.5	0.5	0.5	0.5
	Ionic strength (M)	0.001	0.001	0.001	0.001
	Particle density (g/cm 3 )	5.03	5.03	5.03	5.03
	Particle diameter (nm)	9	8	7	9
	Hamaker constant (×10 -19 J)	0.4	0.4	0.4	0.4
	Dielectric constant (water)	80.1	80.1	80.1	80.1
	Refractive index (water)	1.33	1.33	1.33	1.33
	Dielectric constant of powders	18	18	18	18
	Refractive index of powders	1.93	1.93	1.93	1.93

Table . 3. Parameters used in the Hamaker 2 calculations for the aqueous suspension of the Er doped and treated nanoparticles.

 . 

	Nanopowder (in water)	Er:Y2O3	Er:Y2O3 T.T 500°C	Er:Y2O3 T.T 800°C
	Zeta potential (mV)	48.1	10.5	4.5
	Zeta plane (nm)	0.5	0.5	0.5
	Ionic strength (M)	0.001	0.001	0.001
	Particle density (g/cm 3 )	5.03	5.03	5.03
	Particle diameter (nm)	7	8	29
	Hamaker constant (×10 -19 J)	0.4	0.4	0.4
	Dielectric constant (water)	80.1	80.1	80.1
	Refractive index (water)	1.33	1.33	1.33
	Dielectric constant of	18	18	18
	powders			
	Refractive index of powders	1.93	1.93	1.93