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Introduction

Over the past three decades, carbon nanotubes (CNT) have drawn more and more attention of researchers all over the world. Among CNT, single-walled carbon nanotubes (SWNT) are described as a single layer of graphite rolled into a cylinder whereas multi-walled carbon nanotubes (MWNT) consist of sets of concentric cylindrical graphite shell. Typically, CNT are known as a carbon nanomaterial with a nanometric diameter and a microscopic length.

Due to their outstanding mechanical, thermal, electrical and optical properties [START_REF] Berber | Unusually High Thermal Conductivity of Carbon Nanotubes[END_REF]- [START_REF] Falvo | Bending and buckling of carbon nanotubes under large strain[END_REF], the development of CNT-based composites may find wide range of applications in polymer industry [START_REF] Jin | Characterization and nonlinear optical properties of a poly(acrylic acid)-surfactant-multi-walled carbon nanotube complex[END_REF], electronic components [START_REF] Pietrzak | Effect of Carbon Forms on Properties of Ag-C Composites Contact Materials[END_REF] or field emission devices [START_REF] Koohsorkhi | Fabrication of self-defined gated field emission devices on silicon substrates using PECVD-grown carbon nano-tubes[END_REF]. More recently, the use of this carbon nanomaterial in the preparation of nanofluids with improved thermophysical properties is under investigation for applications in heat exchangers [START_REF] Borode | Surfactant-aided dispersion of carbon nanomaterials in aqueous solution[END_REF]. However, as-produced CNT mainly exist as bundles arising from both chemical and physical entanglement of CNT due to van der Waals interactions between the tubes [START_REF] Thess | Crystalline Ropes of Metallic Carbon Nanotubes[END_REF] and the high aspect ratio of CNT respectively [START_REF] Hilding | Dispersion of Carbon Nanotubes in Liquids[END_REF]. In order to obtain homogeneous dispersion of CNT in nanotube-based composite materials and nanofluids, one of the key challenges is to deagglomerate the CNT.

Nowadays, solution based processing is the main route available which results in stable suspensions of CNT in which CNT are individualized [START_REF] Cheng | Improvement in properties of multiwalled carbon nanotube/polypropylene nanocomposites through homogeneous dispersion with the aid of surfactants[END_REF]. More precisely, most of the suspensions of CNT are obtained in aqueous solution by the joint use of ultrasonic treatment and organic species (polymers, surfactants …). On one hand, cavitation induced by the ultrasonic treatment [START_REF] Suslick | Sonochemistry[END_REF] de-agglomerates the bundles of CNT [START_REF] Strano | The Role of Surfactant Adsoprtion during Ultrasonication in the Dispersion of Single-Walled Carbon Nanotubes[END_REF]. On the other hand, adsorption of surfactant or polymers on the surface of CNT introduces repulsive interactions between the CNT surpassing the van der Waals interactions and preventing their re-agglomeration in solution. The adsorption of organic species on the surface of CNT is known as non-covalent functionalization and modifies the interfacial properties of CNT without compromising their structures unlike covalent functionalization, which consists in linking functional groups onto the CNT' surface [START_REF] Zakharychev | A study of the stability of aqueous suspensions of functionalized carbon nanotubes[END_REF], [START_REF] Bai | Aqueous stabilization of carbon nanotubes: effects of surface oxidization and solution chemistry[END_REF].

Even if the adsorption mechanisms of the surfactants on the CNT surface are under investigations [START_REF] Zueva | Structure and properties of aqueous dispersions of sodium dodecyl sulfate with carbon nanotubes[END_REF], the ability of surfactants to stabilize CNT in suspension has been studied multiple times. Different surfactants have been used such as sodium dodecyl sulphate (SDS) [START_REF] Zueva | Structure and properties of aqueous dispersions of sodium dodecyl sulfate with carbon nanotubes[END_REF]- [START_REF] Jiang | Production of aqueous colloidal dispersions of carbon nanotubes[END_REF], cetrimonium bromide (CTAB) [START_REF] Rausch | Surfactant assisted dispersion of functionalized multi-walled carbon nanotubes in aqueous media[END_REF] and Triton X-100 [START_REF] Richard | Supramolecular Self-Assembly of Lipid Derivatives on Carbon Nanotubes[END_REF]- [START_REF] Ramos | Dependence of carbon nanotubes dispersion kinetics on surfactants[END_REF]. Some studies show significant differences in CNT' stabilization depending on the surfactant's nature and concentration [START_REF] Cheng | Improvement in properties of multiwalled carbon nanotube/polypropylene nanocomposites through homogeneous dispersion with the aid of surfactants[END_REF], [START_REF] Ramos | Dependence of carbon nanotubes dispersion kinetics on surfactants[END_REF]- [START_REF] Javadian | Dispersion stability of multi-walled carbon nanotubes in catanionic surfactant mixtures[END_REF]. Measurement of zeta potential depending on the pH value of the aqueous solution is commonly used in these studies [START_REF] Jiang | Production of aqueous colloidal dispersions of carbon nanotubes[END_REF], [START_REF] Teng | Evaluating Stability of Aqueous Multiwalled Carbon Nanotube Nanofluids by Using Different Stabilizers[END_REF], [START_REF] White | Zeta-Potential Measurements of Surfactant-Wrapped Individual Single-Walled Carbon Nanotubes[END_REF].

Moreover, efforts have been devoted optimizing the time and the power of the ultrasonic treatment. Actually, transmission electron microscopy (TEM) and Raman spectroscopy analysis showed that « sonication induced CNT cutting » occurs [START_REF] Shelimov | Purification of single-wall carbon nanotubes by ultrasonically assisted filtration[END_REF] and the structure of CNT is damaged during the ultrasonic treatment [START_REF] Lu | Mechanical damage of carbon nanotubes by ultrasound[END_REF], [START_REF] Li | Grafting modification and structural degradation of multi-walled carbon nanotubes under the effect of ultrasonics sonochemistry[END_REF]. By using the results obtained by UV-Vis spectroscopy, the duration of the ultrasonic treatment has been reduced as much as possible in order to preserve the integrity of CNT while obtaining a high concentrated CNT suspension [START_REF] Grossiord | Time-Dependent Study of the Exfoliation Process of Carbon Nanotubes in Aqueous Dispersions by Using UV-Visible Spectroscopy[END_REF], [START_REF] Yu | Controlling the dispersion of multi-wall carbon nanotubes in aqueous surfactant solution[END_REF]. UV-Vis spectroscopy is usually used to compute the concentration of the suspensions based on previous experiments carried out on MWNT [START_REF] Bahr | Dissolution of small diameter single-wall carbon nanotubes in organic solvents?[END_REF]. At that time, few studies have been conducted on the influence of the CNT characteristics on CNT suspension. Contradictory reports exist on the effect of the length of the CNT [START_REF] Ntim | Size dependent aqueous dispersibility of carboxylated multiwall carbon nanotubes[END_REF], [START_REF] Wu | Length reduction of multi-walled carbon nanotubes via high energy ultrasonication and its effect on their dispersibility[END_REF].

Therefore, the objectives of our study are to provide details on the dispersion of MWNT in aqueous surfactant solutions using 3 surfactants and 3 MWNT of different morphologies. An emphasis is placed on the mass ratio between surfactant and MWNT prior to ultrasonic treatment as well as the determination of the concentration of the surfactant and MWNT stable in suspension.

Experimental

Materials

Three types of purified MWNT have been studied, namely, NC7000 Triton X-100 C8H17C6H4(OC2H4)9-10OH Non-ionic 0.12-0.56 13.5

Table 2 : Characteristics of the used surfactant (CMC: critical micelle concentration, HLB: hydrophilic-lipophilic balance)

Dispersion of MWNT in various surfactants solution

In order to compare the suspensions of MWNT depending on the surfactant's concentration, dispersions of MWNT were prepared by adding 750 mg of MWNT to 75 mL of an aqueous surfactant solution. The initial concentration of MWNT is thus kept constant for all experiments. This aqueous solution contains the surfactant (either SDS or CTAB or Triton X-100) at concentrations spanning from 0 to 10 mg/mL. All three surfactants were used with MWNT2 whereas MWNT1 and MWNT3 were used only with SDS.

All resulting aqueous solutions were sonicated for 1 h with an ultrasonic homogenizer (Bandelin Sonopuls® UW2200) with active intervals of 0.1 s, passive intervals of 0.9 s, amplitude fixed at 50% and a power equals to 200 W. Subsequently, the solutions were centrifuged for 5 min at 2680 g0 in order to bring bundles as well as residual catalyst particles to the bottom of the centrifuge tubes [START_REF] Zueva | Structure and properties of aqueous dispersions of sodium dodecyl sulfate with carbon nanotubes[END_REF], [START_REF] O'connell | Band Gap Fluorescence from Individual Single-Walled Carbon Nanotubes[END_REF], [START_REF] Ramos | Dependence of carbon nanotubes dispersion kinetics on surfactants[END_REF], [START_REF] Javadian | Dispersion stability of multi-walled carbon nanotubes in catanionic surfactant mixtures[END_REF], [START_REF] Krause | Dispersability and particle size distribution of CNT in an aqueous surfactant dispersion as a function of ultrasonic treatment time[END_REF]. The supernatants were selected and further characterized. For some characterizations, the supernatants were dried at 60 °C overnight. Each suspension will be referenced in function of the MWNT batch and surfactant used as well as the initial mass ratio surfactant/MWNT. For example MWNT2-SDS(0.5) refers to a MWNT2 suspension with SDS concentration equals to 5 mg/mL.

Investigation methods

Characterization of debundling

To confirm debundling of the MWNT in the supernatant, scanning electron microscopy (SEM) and TEM were performed using Tescan® Vega II and Jeol® JEM 1400+ respectively.

For each analysis, a droplet of the suspension was dried on the appropriate substrates (TEM grid cover with carbon film).

Characterization of suspension's content

Similarly to previous studies, the debundling of MWNT was characterized using UV-Vis spectrophotometer (Varian® Cary 5000) operating between 250-800 nm. In order to establish a relationship between the amount of suspended MWNT and the intensity of the corresponding absorption spectrum, the samples were diluted by a certain factor. Same spectroscopy cells measuring 10 mm have been used for all measurements. From 250 to 800 nm, the absorption of aqueous solutions of each surfactant was measured to be zero relative to the water used for baseline correction.

By drying the supernatant at 60 °C, solid particles consisting of a mixing of MWNT and surfactant can be collected. For each suspension, total concentration of MWNT and surfactant in the supernatant was computed by drying a specific volume of the supernatant and weighing the collected solid particles [START_REF] Zakharychev | A study of the stability of aqueous suspensions of functionalized carbon nanotubes[END_REF]. Moreover, quantification of carbon and hydrogenusing a CHNS elemental analyzer (Thermo Fisher Scientific®)was systematically performed to determine the relative amount of MWNT and surfactant in the collected solid particles. These measurements were repeated at least 3 times with about 3 mg of particles collected each time.

Pristine MWNT and surfactants were measured as references after being dried at 60 °C overnight. Standard deviations of the different measurements are used to compute absolute uncertainty.

A thermal gravimetric analyzer (Setaram® TAG 24) was used as second characterization technique to confirm the ratio between MWNT and surfactants. The thermogravimetric analysis (TGA) were performed between 25 to 600 °C at a heating rate of 5 °C/min under argon atmosphere.

Characterization of CNT's integrity

MWNT morphology was investigated by Raman spectroscopy (Horiba® LabRAM HR).

The excitation source was a He-Ne laser (632.8 nm) and the power was kept below 1 mW to avoid local heating of the sample. The band fitting of the spectra was carried out using Lorentzian and Gaussian functions as reported elsewhere [START_REF] Vallerot | Quantitative structural and textural assessment of laminar pyrocarbons through Raman spectroscopy, electron diffraction and few other techniques[END_REF].

Results and discussion

Debundling of MWNT

Firstly, it had be verified experimentally that the debundling of MWNT can only occur by the joint use of an ultrasonic treatment and a surfactant. Figure 1 shows observations of different MWNT2 aqueous solutions, some of which have undergone US treatment with or without a SDS concentration of 10 mg/mL. Instead of US treatment, aqueous solutions have been magnetically stirred at 500 rpm for 1 h. After being vertically stored for 3 days, it appears that stable suspension is only obtained by the combination of physical and chemical method.

Without surfactant (cf. Figure 1 b), MWNT2 are exfoliated but agglomerate in solution.

Agglomeration of MWNT2 is prevented by the surfactant adsorbed on MWNT's surface (cf. 

UV-Vis spectroscopy analysis

As reported elsewhere, debundled MWNT dispersed in solution are active in the UV-Vis region and exhibit characteristic bands corresponding to additional absorption due to 1D van Hove singularities [START_REF] Yu | Controlling the dispersion of multi-wall carbon nanotubes in aqueous surfactant solution[END_REF], [START_REF] Kataura | Optical properties of single-wall carbon nanotubes[END_REF]. Therefore, UV-Vis spectroscopy can be used to detect and quantify MWNT in suspension. Assuming that the extinction coefficient is the same for each MWNT batch, taking account of the dilute factor and using the mean absorbance of the suspensions for a mass ratio above 0.5, maximum MWNT concentrations of all compared to MWNT2-SDS suspensions can be computed following the following equation :

C 𝑀𝑊𝑁𝑇 𝑚𝑎𝑥 (𝑆𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛) C 𝑀𝑊𝑁𝑇 𝑚𝑎𝑥 (𝑀𝑊𝑁𝑇2-𝑆𝐷𝑆) =
A 500 𝑛𝑚 (𝑆𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛) * Dilute factor (𝑆𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛) A 500 𝑛𝑚 (𝑀𝑊𝑁𝑇2-𝑆𝐷𝑆) * Dilute factor (𝑀𝑊𝑁𝑇2-𝑆𝐷𝑆)

Table 3 shows the mean absorbance at 500 nm of each suspension for a mass ratio above 0.5 as well as the ratio of the maximum concentration of MWNT in each suspension to the maximum concentration of MWNT in MWNT2-SDS suspensions. discussions of the maximum concentration measured by each method will be done.

Weighing method

By drying and weighing precise volumes of suspensions of MWNT, evolutions of the total concentration of surfactant and MWNT in function of initial surfactant/MWNT mass ratio have been computed for each suspension (cf. Figure 7 and Figure 8). For each suspension, these evolutions can be divided into two parts. Firstly, from 0 to a certain surfactant/MWNT mass ratio, the concentration of collected particles soars.

Experimentally, this increase can be seen as supernatant becomes darker and darker which means that the concentration of MWNT being suspended increases. Secondly, when the mass ratio further increases, the increase of concentration becomes slighter. In accordance with the UV-Vis spectroscopy measurements, the shape of the graphs demonstrates that the concentration of MWNT remains stable in the supernatant above a threshold surfactant/MWNT mass ratio. Indeed, the threshold mass ratios are similar to those determined by UV-Vis spectroscopy measurements. The slight rise of concentration computed is only due to a further increase of the concentration of the surfactant in the supernatant.

For the suspensions MWNT1-SDS, the threshold mass ratio is unclear because of the low concentration of MWNT. However, it can be noticed that total concentration of SDS and MWNT in the supernatant is systematically lower than the initial surfactant concentration. It means that some SDS molecules are adsorbed on the surface of the bundles of MWNT at the bottom of the centrifugation tubes. In the case of MWNT1-SDS, the amount of surfactant adsorbed on the surface of MWNT would not be sufficient to prevent major bundling of MWNT in suspension and, thus, MWNT sedimentation upon centrifugation.

Relative proportion of SDS and MWNT in the suspension

Further investigations have been carried out to compute the actual concentrations of MWNT and of surfactant for each suspension of MWNT.

The hydrogen content of collected particles after drying has been measured using a CHNS elemental analyzer. Indeed, all three surfactants contain a significant amount of hydrogen whereas the amount of hydrogen in the MWNT is extremely low. Consequently, the measurement of the hydrogen content of the collected particles after drying leads to the computation of relative amount of MWNT and of surfactant. Due to low MWNT concentration in the MWNT1-SDS suspensions, it is not possible to compute the mass fraction of SDS thanks to the elemental analyzer. Actually, the amount of SDS is so high that the amount of hydrogen -For elemental composition measurement :

% 𝑤𝑡 𝑆𝑢𝑟𝑓𝑎𝑐𝑡𝑎𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 = (% 𝑤𝑡 𝐻 𝑠𝑎𝑚𝑝𝑙𝑒 -% 𝑤𝑡 𝐻 𝑀𝑊𝑁𝑇 ) (% 𝑤𝑡 𝐻 𝑆𝑢𝑟𝑓𝑎𝑐𝑡𝑎𝑛𝑡 -% 𝑤𝑡 𝐻 𝑀𝑊𝑁𝑇 ) * 100
-For TGA measurement (computation for the mass loss at 400, 500 and 600 °C) :

% 𝑤𝑡 𝑆𝑢𝑟𝑓𝑎𝑐𝑡𝑎𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 = (∆𝑚 𝑠𝑎𝑚𝑝𝑙𝑒 -∆𝑚 𝑀𝑊𝑁𝑇 ) (∆𝑚 𝑆𝑢𝑟𝑓𝑎𝑐𝑡𝑎𝑛𝑡 -∆𝑚 𝑀𝑊𝑁𝑇 )
* 100 The graphs show that surfactants' mass fractions are systematically superior to initial mass fractions. Generally, the mass fraction of surfactant decreases in a first time before increasing significantly from an initial mass ratio corresponding approximately to those determined by the two previous characterization techniques. This observation is once again consistent with the view that, above a certain initial surfactant/MWNT mass ratio, only the concentration of surfactant increases in the supernatant.

Evolution of the concentration of MWNT and surfactant in the supernatant

Combining the total concentration of surfactant and MWNT deduced by weighing with the mass fraction of surfactant, the evolution of MWNT and surfactant concentrations can be computed as shown in Figure 12 and Figure 13. At the threshold value, the surface of the MWNT are fully covered by surfactant molecules and the repulsive interactions between MWNT permit to maintain a certain amount of MWNT in suspension. Considering that CNT are nanomaterials exhibiting huge surfaces, the concentration of surfactant molecules needed is logically higher than the CMC of a given surfactant. Once the MWNT are fully covered by surfactant, the MWNT concentration is not influenced by a further increase of the concentration of surfactant. Consequently, optimized suspensions highly concentrated in MWNT and weakly concentrated in surfactant can be obtained following the procedure described in this paper. For example, MWNT2-SDS(0.3) and MWNT3-SDS(0.4) are considered as optimized suspensions.

Linear fitting, with slope equals to 0, have been performed in order to determine the MWNT' maximum concentration for each suspension. and MWNT3, at 500 nm, are equal to 48.7 ± 4.7 cm²/mg (mean of MWNT2-SDS, MWNT2-CTAB and MWNT2-TRIT suspensions) and 67.9 ± 4.6 cm²/mg, respectively. These values are consistent with those commonly used in the literature for low concentrated MWNT suspensions [START_REF] Rastogi | Comparative study of carbon nanotube dispersion using surfactants[END_REF]- [START_REF] Baskaran | Noncovalent and Nonspecific Molecular Interactions of Polymers with Multiwalled Carbon Nanotubes[END_REF]. Using these two extinction coefficients, the maximum MWNT concentration of MWNT1-SDS is equal to 0.62 ± 0.12 mg/mL or 0.44 ± 0.07 mg/mL, respectively. For MWNT1-SDS suspensions, the optimized initial mass ratio equals to 0.5.

Therefore, in the frame of our study, the maximum achievable concentration of MWNT does not depend on the surfactant used but mainly on the batch of MWNT used. Indeed, all suspensions with MWNT2 have approximately the same maximum MWNT concentration.

Moreover, using SDS as surfactant, the maximum MWNT concentration is significantly different for MWNT1, MWNT2 and MWNT3 despite the fact that MWNT2 and MWNT3 have the same initial length and diameter. However, the MWNT are not only defined by their initial length and diameter. Therefore, quality of the arrangement of the carbon atoms of the different batches of MWNT has been analyzed by Raman spectroscopy. It has to be mentioned that XPS analyses of the surface chemistry of the 3 different MWNT show almost identical results.

Raman spectroscopy analysis

Figure 14 shows the Raman spectra of pristine MWNT3. For each first order Raman spectra, five Raman bands of graphitic materials are identified and fitted by the procedure described elsewhere [START_REF] Vallerot | Quantitative structural and textural assessment of laminar pyrocarbons through Raman spectroscopy, electron diffraction and few other techniques[END_REF]. On the one hand, the G band (1580 cm -1 ) corresponds to sp²-C network. On the other hand, the D band (1350 cm -1 ) and D' band (1620 cm -1 ) are attributed to a double resonance Raman scattering mechanism and represent the defect in the C-lattice [START_REF] Vallerot | Quantitative structural and textural assessment of laminar pyrocarbons through Raman spectroscopy, electron diffraction and few other techniques[END_REF].

I (1170 cm -1 ) and D" (1500 cm -1 ) bands are attributed to disordered graphitic lattice and amorphous carbon respectively [START_REF] Düngen | Investigation of Different Pre-Treated Multi-Walled Carbon Nanotubes by Raman Spectroscopy[END_REF], [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: Spectral analysis and structural information[END_REF]. The ratio ID/IG is commonly used to evaluate the amount of defects in the structure of CNT; the lower the ratio, the better the structure of the MWNT. Nevertheless, it should be stressed out that further investigations using a larger number of different MWNT batches are necessary to make a statistically relevant conclusion on the strength of the correlation between MWNT quality and the maximum achievable MWNT concentration. For example, adding defects by covalent functionalization on CNT surface and reproducing the experimental protocol presented in this article could be interesting.

Nevertheless, it will have to be taken into account that misarrangement of carbon atoms on CNT surface and functional groups are different types of defects which could have different impact on surfactant adsorption. It has been proven that the maximum MWNT concentration depends mainly on the quality of the structure of the MWNT rather than their initial length, the surface composition and the nature of the surfactant. Adsorption of surfactant may be disrupted due to the presence of structural defects. The maximum MWNT concentration achievable varies from 0.50 to 7.5 g/L depending mainly on quality of the MWNT.

The high concentrated MWNT suspensions may find many applications as nanofluids or as part of nanocomposites processes. Future studies could focus on demonstrating the strength of the correlation between MWNT quality and the maximum achievable MWNT concentration or on the optimization of the initial CNT nanotube concentration, the time and the power of ultrasonic treatment.
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 1123 Figure1 d). Even after the centrifugation step, the supernatant remains opaque which means that a significant amount of MWNT2 stays in suspension in the aqueous solvent.

  Figure 4 illustrates UV-Vis spectra of MWNT2-SDS suspensions made with different SDS/MWNT initial mass ratios. Similarly to other studies, a maximum around 250 nm can be noticed which means that the suspensions are composed of individual MWNT.However, the maximum absorbance of MWNT suspensions varies significantly depending on the initial surfactant's concentration. Firstly, the absorbance increases gradually with the surfactant/MWNT mass ratio. In a second time, the absorbance remains interestingly constant. This result means that a maximum concentration of CNT in solution is reached when the mass ratio is above 0.3. UV-Vis spectra of all other MWNT suspensions exhibit similar behavior. Figure5and Figure6plot the absorbance measured at 500 nm for MWNT-SDS suspensions and MWNT2-surfactant suspensions respectively. Depending on initial surfactant/MWNT mass ratio, a certain mass ratio exists above which the absorbanceand consequently the concentration of MWNT in suspensionreaches a maximum. Consequently, these results show that, above a certain mass ratio MWNT/surfactant, the surface of all the MWNT, deagglomerated by the US treatment, is saturated with surfactant molecules. A further increase of the concentration of surfactant in solution does not affect the MWNT. These threshold mass ratios depend on both the MWNT and the surfactant used. They are typically ranging from 0.2 to 0.5. It can be noticed that these threshold values do not correlate with the CMC of the surfactants.
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 456 Figure 4 : Evolution of the absorbance of MWNT2-SDS suspension in function of the initial mass ratio MWNT2/SDS

Figure 7 :Figure 8 :

 78 Figure 7 : Evolution of the mass of the collected particles in function of the initial mass ratio SDS/MWNT for MWNT-SDS suspensions

  measured is too close to the amount of hydrogen in the SDS. Moreover, TGA analysis have been also used to quantify the proportion of MWNT2 and SDS in the dried MWNT2-SDS suspensions. Under inert atmosphere, MWNT are very stable until 600 °C whereas SDS decomposes significantly after 200 °C. Consequently, the height of mass loss above 200 °C can be related to the mass fraction of SDS. All the TGA curves obtained for MWNT2-SDS suspensions are shown in Figure 9.

Figure 9 :

 9 Figure 9 : TGA analysis of MWNT2-SDS suspensions (5 °C/min, Ar)

Figure 10 :Figure 11 :

 1011 Figure 10 : Evolution of the mass fraction of SDS in function of the initial mass ratio SDS/MWNT for MWNT-SDS suspensions

Figure 12 :Figure 13 :

 1213 Figure 12 : Evolution of the suspended MWNT concentration in function of the initial mass ratio Surfactant/MWNT

Figure 14 :Table 5 :

 145 Figure 14 : First order Raman spectra of pristine MWNT3

Table 1 .

 1 TM provided by Nanocyl®, MWNT provided by US Research Nanomaterials® and MWNT GCM331 provided by Carbon Nanotubes Plus®. The manufacturer's specifications of the MWNT are grouped in For ease of understanding, MWNT will be referred MWNT1, MWNT2 and MWNT3 respectively.

	Suppliers	Synthesis method	Purity (wt.%)	Length (μm)	Outside diameter (nm)	Surface Area (m²/g)
	MWNT1 (Nanocyl®)	CCVD	> 90%	1 -2	9 -10	250 -300
	MWNT2					
	(US Research	CCVD	> 95%	10 -30	10 -20	> 200
	Nanomaterials®)					
	MWNT3					
	(Carbon Nanotubes	CCVD	> 98%	10 -30	10 -20	> 150
	Plus®)					

Table 1 :

 1 

	X-

Manufacturer's specifications of the MWNT The 3 surfactants used are SDS (Fisher Scientific ®), CTAB (Serva®) and Triton

Table 3 :

 3 

		0.46 ± 0.05	0.30 ± 0.03	0.51 ± 0.02	0.40 ± 0.02	0.43 ± 0.02
	C 𝑀𝑊𝑁𝑇 𝑚𝑎𝑥 (𝑠𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛) C 𝑀𝑊𝑁𝑇 𝑚𝑎𝑥 (𝑀𝑊𝑁𝑇2-𝑆𝐷𝑆)	1 ± 0.11	0.13 ± 0.01	2.22 ± 0.09	0.87 ± 0.04	0.93 ± 0.04

Ratio of maximum concentrations of MWNT for the different suspensions according to the Beer Lambert law

In this Table

3

, only the ratio of maximum MWNT concentrations is presented. Actual concentrations of MWNT are determined by the following experimental method. Further

Table 4

 4 

	resumes the maximum MWNT

Table 4 :

 4 Maximum MWNT concentrations of the different MWNT suspensionsThe evolutions of the computed MWNT concentration are therefore consistent with the absorbance of the suspension measured by UV-Vis spectroscopy. MWNT3-SDS suspensions are the most concentrated suspensions. The ratio of the maximum MWNT concentration of MWNT3-SDS suspension to MWNT2-SDS equals to 1.64 ± 0.11, which is relatively close to ratio computed by UV-Vis spectroscopy (2.22 ± 0.09). Moreover, the suspensions elaborated with MWNT2 have approximately the same maximum concentration despite the fact that anionic, cationic and non-ionic surfactants were used. Therefore, for such highly concentrated MWNT suspension, this result indicates effectively that the stabilization effect would be mainly a steric one. According to the concentrations computed, the extinction coefficients of MWNT2

  Table 5 resumes the ID/IG ratios (average of five acquisitions) of as received MWNT and MWNT after US treatment with optimized MWNT/SDS mass ratio. Firstly, it can be noticed that the ratio ID/IG only slightly increases after the US treatment, which is typical of non-covalent functionalization.Regarding the number of defects from one batch to another, a correlation can be established between the maximum achievable MWNT concentration and the quality of the structure of the MWNT. Whether on pure or suspended MWNT, MWNT3 presents the lowest ratio ID/IG and the highest maximum suspended MWNT concentration while MWNT1 presents the highest ID/IG and the lowest maximum suspended MWNT concentration. Actually, defects may disrupt the adsorption of SDS molecules on MWNT surface. Indeed, according to some reports, SDS molecules are adsorbed on the surface of the CNT by following the graphite network of CNT and forming supramolecular structures[START_REF] Richard | Supramolecular Self-Assembly of Lipid Derivatives on Carbon Nanotubes[END_REF]. As defects detected by Raman spectroscopy are misarrangement of carbon atoms in the graphite network, one may think that defects disrupt the supramolecular organization of SDS around CNT. More generally, defects may disrupt organization of all kind of surfactants on CNT surface. Consequently, presence of defects lower the amount of surfactant that may adsorb on MWNT. With less surfactant, the repulsive interactions between MWNT decrease and thus the maximum concentration of MWNT in suspension.