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Introduction

Surface modification of clay minerals has received a great deal of attention because it can be used to create new materials and new applications [START_REF] Borrego-Sánchez | Adsorption of the tallow amine ethoxylate surfactant Ethomeen T/15 on montmorillonite[END_REF][START_REF] Wang | Evaluation of nonionic surfactant modified montmorillonite as mycotoxins adsorbent for aflatoxin B1 and zearalenone[END_REF][START_REF] Xu | Novel multi amine-containing Gemini surfactant modified montmorillonite as adsorbents for removal of phenols[END_REF]. The main focus of the surface modification of clays is to develop new polymer nanocomposites. This kind of material constitutes one of the most widely developed areas of nanotechnology [START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF][START_REF] Jordan | Organophilic bentonites: I. Swelling in organic liquids[END_REF][START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF]. The first attempt to chemically alter clay galleries with various organic molecules was reported in the late 1940s [START_REF] Jordan | Organophilic bentonites: I. Swelling in organic liquids[END_REF]. Since then a substantial industry has been established to utilize these organically modified clays. Organoclays are also used in other applications such as adsorbents of organic pollutants in soil, water and air; oil well drilling fluids; paints; grease; cosmetics; refractory varnish; and personal care products [START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF][START_REF] Jordan | Organophilic bentonites: I. Swelling in organic liquids[END_REF][START_REF] Kumar | Montmorillonites supported with metal oxide nanoparticles for decontamination of sulfur mustard[END_REF][START_REF] Lin | Study on the modified montmorillonite for adsorbing formaldehyde[END_REF][START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Olutoye | Synthesis of fatty acid methyl esters via the transesterification of waste cooking oil by methanol with a barium-modified montmorillonite K10 catalyst[END_REF][START_REF] Xu | Novel multi amine-containing Gemini surfactant modified montmorillonite as adsorbents for removal of phenols[END_REF][START_REF] Zhuang | Comparative study on the use of cationicnonionic-organo-montmorillonite in oil-based drilling fluids[END_REF].

Several techniques can be employed to modify clays such as adsorption, ion exchange with inorganic cations and organic cations, binding of inorganic and organic anions (mainly at the edges), rafting of organic compounds, reaction with acids, pillaring by different types of poly(hydroxo-metal) cations, intra-particle and inter-particle polymerization, dehydroxylation and calcination, delamination and re-aggregation of smectites, and lyophilization, ultrasound, and plasma [START_REF] Bergaya | Surface modifications of clay minerals[END_REF][START_REF] Ghiaci | Production of biodiesel by esterification of natural fatty acids over modified organoclay catalysts[END_REF][START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Olutoye | Synthesis of fatty acid methyl esters via the transesterification of waste cooking oil by methanol with a barium-modified montmorillonite K10 catalyst[END_REF].

Ion exchange with alkylammonium ions is well known and is the preferential method to prepare organoclays [START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF]. However, Beall and Goss [START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF]) also reported that several limitations arise from using quaternary ammonium as a cation exchange medium, such as the toxicity of these compounds and the generation of decomposition polymer nanocomposites that impart an undesirable color, odor and taste, and also degrade the properties of the composite, as we have reported (Nguyen et al., 2016b) and as reported in the literature [START_REF] Gao | Thermal characterization of organically modified montmorillonite[END_REF][START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Xie | Thermal stability of quaternary phosphonium modified montmorillonite[END_REF]. In addition, with a wide variety of polymers, the commercial availability of quaternary ammonium chemicals, utilized mostly in the fabric-softener industry, does not meet the world's need for polymer nanocomposite elaboration, mainly due to thermodynamic compatibility between the modifying agent and the polymer. On the other hand, the use of organic surfactants that contain groups possessing partial negative charges has resulted in research attempting to find alternative methods to organically modify clays for use in producing polymer nanocomposites. The interaction of such molecules with the clay surface is possible through two mechanisms. The first involves ion-dipole interactions, where the saturating cation on the clay surface serves as an adsorption site for polar non-ionic molecules [START_REF] Bizovská | Montmorillonite modified with unconventional surfactants from the series of octylammonium-based cations: Structural characterization and hydration properties[END_REF][START_REF] Santos | Enhanced removal of p-nitrophenol from aqueous media by montmorillonite clay modified with a cationic surfactant[END_REF]. The second type of interaction involves hydrogen bonding, either by the direct interaction between the adsorbed polymer and the oxygen (or hydroxyls) of the clay surface, or through a "water bridge" between the clay surface and the polymer [START_REF] Rossi | NMR solvent relaxation studies of Namontmorillonite clay suspensions containing non-ionic polymers Colloids and Surfaces A[END_REF]. Numerous studies have been conducted on the molecular association between montmorillonite (MMT) and organic species such as liquid aliphatic amine and polyamines [START_REF] Alemdar | Effects of polyethyleneimine adsorption on the rheological properties of purified bentonite suspensions[END_REF][START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Pospisil | Intercalation of Octadecylamine into Montmorillonite: Molecular Simulations and XRD Analysis[END_REF][START_REF] Xiao | Organically modifying and modeling analysis of montmorillonites[END_REF], acid and polyacids [START_REF] Avom | Adsorption isotherme de l'acide acétique par des charbons d'origine végétale[END_REF][START_REF] Chou | Unusual Intercalation of Cationic Smectite Clays with Detergent-Ranged Carboxylic Ions[END_REF][START_REF] Dentel | Sorption of Tannic Acid, Phenol and 2, 4, 5-Trichlorophenol on organoclays[END_REF][START_REF] Ghiaci | Production of biodiesel by esterification of natural fatty acids over modified organoclay catalysts[END_REF][START_REF] Olutoye | Synthesis of fatty acid methyl esters via the transesterification of waste cooking oil by methanol with a barium-modified montmorillonite K10 catalyst[END_REF][START_REF] Tran | Interactions of sodium montmorillonite with poly(acrylic acid)[END_REF], alcohol, glycols [START_REF] Chassin | Etude de L'hydratation de la Montmorillonite Calcique en Présence d'Ethylène-glycol[END_REF][START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Pavlidou | A review on polymer-layered silicate nanocomposites[END_REF][START_REF] Tran | Dispersion of organically modified clays within n-alcohols[END_REF], polyglycols [START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Pavlidou | A review on polymer-layered silicate nanocomposites[END_REF][START_REF] Shen | Comparison of solution intercalation and melt intercalation of polymer-clay nanocomposite[END_REF][START_REF] Strawhecker | Structure and Properties of Poly(vinyl alcohol)/Na+Montmorillonite Nanocomposites[END_REF][START_REF] Zhao | Adsorption of Polyethylene glycol from Aqueous Solution on Montmorillonite Clays[END_REF] and polyglycol ethers [START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF]. Analysis of these complexes has established that the amines are active in basic exchange, while glycerol and glycol enter the interlayer space without displacing cations [START_REF] Lucilene | Organoclays: Properties, preparation and applications[END_REF][START_REF] Pavlidou | A review on polymer-layered silicate nanocomposites[END_REF].

Glyceride was formed by the esterification reaction between a fat oil (vegetal oil) or fatty acid and glycerin. Glycerides were used in many food applications or dairy and oil-based products to control emulsion and foam stability. All these applications were based on the potential of M-gly to adsorb at interfaces, to crystallize and co-crystallize [START_REF] Sagalowicz | Monoglyceride selfassembly structures as delivery vehicles[END_REF]. In studying a successful application of M-Gly in drug delivery and for food, additional research [START_REF] Sagalowicz | Monoglyceride selfassembly structures as delivery vehicles[END_REF] has shown that an intriguing characteristic of monoglycerides is their capacity to form various self-assembly structures, liquid crystalline phases, if in contact with water. These molecules spontaneously self-assemble into lamellar crystalline phase structures when present in an aqueous environment < 8 wt% of water and in the temperature range from 25 to 105°C.

Longtime ago, we have done many projects on MMT and its products. For example; using several granulometric treatments and chemical processes to separate and purify montmorillonite (MMT) from the Vietnamese bentonite [START_REF] Ha -Thuc | Separation and purification of montmorillonite and polyethylene oxide modified montmorillonite from Vietnamese bentonites[END_REF] or many applications of organoclay in polymer nanocomposites [START_REF] Ha-Thuc | Preparation and Characterization of Polyurethane Nanocomposites Using Vietnamese Montmorillonite Modified by Polyol Surfactants[END_REF]Nguyen et al., 2016a;Nguyen et al., 2016b;[START_REF] Tran | Study structure and properties of nanocomposite material based on Unsaturated polyester with clay modified by poly (ethylene oxide)[END_REF]. We recognized the huge application of MMT in many areas such as cosmetics, water treatment, reinforcement and air permeability for packaging technology. However, to expand the application of MMT, its structure must be modified by biological agents to avoid affecting the health of users and the environment. Until now, there has been no report on the use of M-Gly for the modification of clay and based on the idea that these organic molecules can potentially form the self-assembled structure in the MMT interlayer. The present study focuses on the preparation of organoclays by intercalating the new modifying agent -M-Gly -into the MMT layers via the solution and melting intercalation methods.

Experiment and materials

Materials

Vietnamese MMT minerals with 86 milliequivalent (meq)/100 g exchange capacity was obtained from the Clay Minerals Depository Hiep Phu, Lam Dong province (southern Vietnam) according to the purification process reported in our previous study [START_REF] Ha -Thuc | Separation and purification of montmorillonite and polyethylene oxide modified montmorillonite from Vietnamese bentonites[END_REF]. The modifying agent (M-Gly) used in this study is a commercial glycerin 1-monostearate (> 95 wt%) called distilled monoglycerides supplied by Rikemal® Co., Germany (solid form). This product was used as received without further purification.

Modification of MMT using the solvent method

In the solvent method experiment, the M-Gly and MMT were weighed according to the designated ratio as seen in (Table 1). Ethanol was used as a solvent to dissolve the M-Gly. An accurately weighed quantity of MMT (1 g) was dispersed in a certain volume of M-Gly/ethanol solution at 40°C, for 4 h using a mechanical stirrer at 1000 rpm. The solid sample was collected by centrifugation and carefully dried under vacuum at 80°C in 24 h before further characterization. 

Modification of MMT using the melting method

The melting method was applied to modify the MMT by mixing it directly with the modifying agent without using solvent. Since it is in liquid form above 70°C, the M-Gly was agitated with MMT at 80°C for 4 h using a magnetic stirrer at an agitation speed of 350 rpm, at the same ratios as the solvent method (Table 1).

The special method in this study was the melting modification process performed at 80°C using a Haake internal mixing option. In this typical experiment, the MMT and M-Gly were weighed according to the various ratios (Table 1) and loaded in the mixing chamber. A mixing process

Material

Modification ratio in percentage of weight

Melting method using magnetic stirrer

Solvent method

Melting method using Haake thermomixer MMT (wt%) The content of M-Gly intercalated in the interlayer space of MMT and the presence of M-Gly on the surface of MMT were determined to investigate the structural change of modified specimens and evaluate the effectiveness of each modified method.

Characterization of the modified specimens

The structural change of the MMT-Gly samples in both modified methods was investigated by XRD in a 2θ range of 0.5-20 o using a D8 Advance diffractometer (Burker, Germany) with Nifiltered CuK α radiation (k = 1.54°A) at 40 kV and 40 mA. The scanning was performed with a resolution of 0.2°/s.

Transmission electron microscope (TEM) images were obtained using TEM equipment, the JEOL model JEM-1400 with an acceleration voltage of 120 kV. Powder samples are thinly dispersed on the carbon film coating TEM grids before observation.

Thermogravimetric analyses (TGA) were conducted using a Netzsch STA 409C Thermo analyzer instrument. The pure and modified samples weighing 15 mg were heated from 25 to 800°C at a heating rate of 10°C/min under nitrogen atmosphere to evaluate the amount of modifying agent inserted into the interlayer space of MMT and the thermal stability ability of the specimens.

The FT-IR spectra of the test specimens were recorded as KBr pellets in the spectral range 4000-300 cm -1 on a Perkin-Elmer 1725X FT-IR spectrometer in air at room temperature to identify the presence of M-Gly on the surface of MMT.

Results and discussion

Structural investigation of MMT modified using the solvent method

The XRD pattern (Fig. 1) shows the d 001 -spacing of MMT modified at different contents in weight of M-Gly via the solvent method. 9 value changed little. In this case, it was suggested that the M-Gly molecules had penetrated into the interlayer space of MMT and arranged in the interlayer, forming the monolayer conformation with the thickness of about 5-6 A°, as suggested in Fig. 2. According to the study of how clay was modified by the alkyl ammonium agent [START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF], the authors reported that the d 001 -spacing of MMT did not depend on the length but rather on the thickness of these alkyl chains of the modifying agent. Therefore, with the 3.8-A° thickness of the modifier carbon chains [START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF], the d 001 -spacing gained about 15-16 A°, corresponding to only one layer of M-Gly (Fig. 2). The main reason for the small amount of M-Gly intercalated in the interlayer space was a competing factor of ethanol in the interlayer space of MMT. These molecules will hinder the interaction between the modifying agent and the MMT surface or the exchanged cations in the interlayer space. Consequently, as illustrated in Fig. 2, the intercalation of M-Gly into MMT was restricted. After the sample was dried, solvent molecules were evaporated, reducing the MMT interlayer space. This result was observed in other clay modification studies using ionic

d 001 =15 -16A o 10
or non-ionic modifying agents [START_REF] Nakas | Use of different alkylammonium salts in clay surface modification for epoxy-based nanocomposites[END_REF][START_REF] Shen | Saturation ratio of Poly(ethylene oxide) to silicate in melt intercalated nanocomposites[END_REF][START_REF] Strawhecker | Structure and Properties of Poly(vinyl alcohol)/Na+Montmorillonite Nanocomposites[END_REF].

To improve the M-Gly intercalation into the layer structure of MMT, the ultrasonic treatment during the modified process was also used at a 40-Hz frequency in 15 min for the MMT/M-Gly mixture (10/90), called (Utra-M-M-10-90). The XRD results (Fig. 3) show the peak of d 001spacing was not clearly observed and the intensity decreased remarkably as compared to neat MMT and modified MMT with no ultrasonic treatment (M-M-10-90). This phenomenon may come from the effect of ultrasonic oscillation, which causes the MMT lamellar disordering and better dispersion in solution [START_REF] Guo | Preparation of inorganic-organic pillared montmorillonite using ultrasonic treatment[END_REF], resulting in improved intercalation of M-Gly in the interlayer space of MMT. It also reduced the crystalline layer structure of the MMT. 

Structural investigation of MMT modified by the melting method

MMT modified by M-Gly using a magnetic stirrer

Using a magnetic stirrer at high temperature, MMT was modified by M-Gly via the melting method according to various ratios, as shown in Table 1. The XRD results (Fig. 4) of the modified samples were not as expected and were similar to those of the solvent method. Even at a MMT/M-Gly ratio (10/90) (M-M-10-90) with a high M-Gly content, the d 001 distance could only increase to about 14 A°, corresponding to the single layer of M-Gly molecules lying in the interlayer space of MMT [START_REF] Avom | Adsorption isotherme de l'acide acétique par des charbons d'origine végétale[END_REF][START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF]. The XRD results may be due to the high viscosity of the M-Gly modifying agent at 80°C (T m ~ 70°C); thus the agitation force by the magnetic stirrer was not enough to make M-Gly molecules intercalate into the interlayer space of MMT. At a higher modification temperature, the M-Gly modifying agent starts to be degraded, evidenced by a changed color and smell.

Therefore, in this method, the results showed the interlayer structure of MMT, which was inserted by a single parallel layer of M-Gly, which increases the d 001 -spacing to 14 A°.

MMT modified by M-Gly using the Haake thermomixer

The modification of MMT by M-Gly, with or without solvent, did not effectively increase the d 001 -spacing of MMT, as shown in the above-reported results. Another method for the modification of MMT by melting was based on the Haake internal mixer. This method was used in creating the high shear rate during mixing at a defined speed, which will enhance the dynamic mobility of the M-Gly molecules and result in a better interaction with MMT platelets.

This will help M-Gly penetrate into interlayer space of MMT much more easily. The XRD results (Fig. 5) showed the d 001 -spacing of modified MMT using the Haake internal mixer.

The M-M-90-10 sample was about 13.6 A° and nearly identical to that of modified clay using the solvent method and the melting method using magnetic stirring. Meanwhile, the XRD results of the M-M-70-30 and M-M-50-50 samples did not show the d 001 peak clearly. There was only a broadened mound of a peak observed in 2θ at 4-8 0 with low intensity. It could be concluded that, as the M-Gly content increases, the high shear rate force created by the rollers of the internal mixer plays a greater role that enhances the friction force between M-Gly and MMT and makes the layer structure of MMT become unstable and disordered. When the content of M-Gly used was higher than 30 wt% (from 50 to 80 wt%), a broad diffraction peak was clearly observed in the small angle of X-ray diffraction (Fig. 6). On the other hand, the synchrotron X-ray diffraction pattern obtained at 28°C (Fig. 7) evidenced the presence of diffraction peaks that can be ascribed to the presence of monoglyceride crystals organized in bilayers. In particular, wide-angle peaks at 3.81, 4.31 and 4.54 A° and a narrow-angle peak at 48.35 A° can be associated with the formation of the M-Gly lamellar Lβ phase [START_REF] Anese | Effect of formulation on the capacity of lasparaginase to minimize acrylamide formation in short dough biscuits[END_REF]. Thus, for all modification cases (Fig. 6), this large diffraction peak at 54-70 A o (1-1.5 0 , 2θ) might correspond to the d 001 -spacing of the expanded MMT layer structure after being modified and to M-Gly crystals on the MMT surface. At the modifying agent content of 50 and 60 wt% (Fig. 6d and 6c), a very small broad peak in the zone from 2 to 3 0 , 2θ was also observed, indicating the d 001 -spacing (about 20-30 A°) of the intercalated MMT layer.

When the M-Gly content increased further (70 and 80 wt%) (Fig. 6b and6a), the d 001 peak of the modified MMT in the wide-angle diffraction was no longer observed. This indicates that at a

a) b) c) d)
higher content, under the high shear mixing force of the thermomixer, the modifying agent was easily intercalated and expanded the layer structure of clay, and results in the disappearance of characteristics at the wide-angle diffraction (from 2 to 3 0 , 2θ). Especially at 80 wt% of M-Gly, the diffraction peak at small angles was broadened, which might have been caused by the high ratio of the expanded MMT layer structure (> 60 A°) and have affected the crystal size of M-Gly.

Figure 7: XRD pattern of commercial Distilled Monoglycerides The very high d 001 -spacing values (> 60 A°) were obtained by assuming that M-Gly molecules are self-arranged via hydrogen linking and assembled vertically, as a bilayer, to the MMT layer, as suggested (Fig. 8). These results were explained based on the previous studies of M-Gly structure formation [START_REF] Anese | Effect of formulation on the capacity of lasparaginase to minimize acrylamide formation in short dough biscuits[END_REF][START_REF] Beall | Self-assembly of organic molecules on montmorillonite[END_REF]. According to the structure model of M-Gly proposed (Fig. 8), under the high shear rate force and high content of a modifying The layer structure organization of MMT-modified M-Gly with the Haake internal mixer was also investigated by transmittance electronic microscopy (TEM). The TEM images (Fig. 9)

showed the layer structure of modified MMT with some ranges appearing as three or five layers of clay stacked together but disordered as compared to the original structure of unmodified MMT. There were also zones showing the single-or double-layer form distributed incoherently and separately. These results confirm the change of d 001 peak formation and its movement toward the low angles in XRD patterns. 

Stability investigation of modified MMT layers

To investigate the modifying agent content in the sample using 50 wt% and 80 wt% of M-Gly (M-M-50-50 and M-M-20-80, respectively), the Soxhlet extraction process was performed for 48 h in ethanol solvent at 80°C. The XRD results (Fig. 10) show that after extraction of the M-M-50-50 sample, the obvious diffraction peak at the low-angle region had disappeared and there was only the d 001 peak of intercalated MMT distributed at two ranges of 20 A° and 30 A°. In the
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case of the M-M-20-80 sample, there was no longer a diffraction peak observed in the XRD pattern. This demonstrates that a part of M-Gly was washed out from the MMT layer structure by solvent, resulting in the disordering of the layer structure of modified clay, which could not be found as a d 001 -spacing peak in the XRD pattern. After Soxhlet extraction; the TGA curve of the sample was different, the mass loss rate decreased remarkably, and the degradation temperature was also higher as compared to the previous cases. This could be explained by the fact that after being extracted by ethanol solvent, a large amount of the modifying agent was washed out of the MMT surface and galleries. In and -C=O bonding vibration at 2900-3000 cm -1 and 1720 cm -1 , respectively. The intensity of these peaks was relative low, because the content of M-Gly was arranged in a single layer (solvent method) or double layer (melting method using the magnetic stirrer) in the sample.

With M-Gly-modified MMT by the Haake thermal mixer, the intensity of the peaks was high and clearly shown (Fig. 12d). These characteristic peaks confirmed again that this Haake method allowed the substantial content of M-Gly to be easily intercalated into the layer 21 structure of MMT as compared to the other methods used. After the Soxhlet extraction using ethanol solvent, the intensity of the peaks decreased considerably, indicating a significant amount of modifying agent, which was washed out of the clay structure by solvent. 

Conclusion

Montmorillonite was modified by commercial monoglyceride (M-Gly) using the solvent method and the melting method. In the solvent method, the modifying agent intercalated into the interlayer space and formed the double layers parallel to MMT platelets, which increased the d 001 -spacing of MMT from 10 A° to 16 A°. From the melting method using a magnetic stirrer, The extraction of modified clay by ethanol has proved that the M-Gly inside the expanded MMT galleries was easily washed out and then the layer structure was partially loss. This phenomenon indicates that in such expanded MMT galleries, the electrostatic force between the MMT layers becomes very weak and easily loses the crystalline layer structure if there is a sufficiently high shear force applied. This point will be an advantage in the use of this modified MMT in the polymer nanocomposite field.

  the defined speed of 120 rpm with a high shear rate for 15 min. Then the modified MMT was washed once in ethanol before drying under vacuum at 80°C for further characterization.
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 1 Figure 1: XRD pattern of monoglyceride modified MMT by solvent method according to various ratios of MMT/M-Gly: 100/0 (MMT); 70/30; 50/50; 20/80; and 10/90.
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 2 Figure 2: Models localization of monoglyceride molecules in the interlayer space of MMT after
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 3 Figure 3: XRD patterns of MMT, and M-Gly modified MMT at ratio 10/90 (M-M-10-90) and
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 4 Figure 4: XRD patterns of M-Gly modified MMT by magnetic stirrer according to various ratios
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 5 Figure 5: XRD patterns of MMT modified by M-Gly at different ratios of MMT/M-Gly: 100/0;
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 6 Figure 6: Small Angle XRD patterns of mixture MMT/ M-Gly at ratio: (a) 20/80 (M-M-20-80);

  electrostatic interaction between layers of clay became weaker and easily disordered.Thus the modifying agent penetrated easily and expanded the galleries of clay noticeably.

Figure 8 :

 8 Figure 8: Illustration of self-assembly molecular structure of M-Gly in clay gallery after being modified by Haake method

Figure 9 :

 9 Figure 9: TEM images of organoclay modified by 50 wt% of monoglyceride agent (M-M-50-

Figure 10 :

 10 Figure 10: Small Angle XRD pattern of M-Gly modified MMT (50 wt%, M-M-50-50; Haake method) after soxhlet extraction process during 48 h

Figure 11 :

 11 Figure 11: TGA curves of modified MMT: MMT; Monoglyceride (M-Gly); M-M-50-50 (Haake

  addition, only a small content of M-Gly, which exists in the d-spacing zone of 20 and 30 A° (Fig.10), remains in the sample and undergoes a weight loss from 213°C to 466°C. Similarly, MMT modified by M-Gly using the solution method (M-M-10-90) showed nearly 16% modifying agent in the same degradation zone. Since it is in the clay interlayer, the modifying agent degrades, in the last two cases, more slowly than that of M-M-50-50 (Haake method) and M-Gly, because of the thermal insulation effect. The TGA results are completely similar to those of the XRD analysis.The results of XRD and TGA have shown that in modifying MMT using the Haake thermal mixer, M-Gly has penetrated easily into the interlayer space and expanded the d 001 spacing of MMT. This led the layer structure of MMT to become unstable because the interaction between the layers of clay weakened. This was the reason that the platelet structure of MMT could not be held when using extraction by ethanol solvent causing the modifying agent to be easily washed out of clay galleries during extraction. With TGA analysis, the remaining content of the M-Gly modifying agent, after ethanol extraction, is about 15.5 wt% inside the MMT layer. Therefore, this phenomenon will be an advantage in the application of the polymer/clay nanocomposite preparation where the polymer matrix could be easily inserted into clay's weaker layer structure to easily obtain the good dispersion state of the clay in the material.To identify the presence of M-Gly on the MMT surface after modifying by extraction, FT-IR analysis (Fig.12) shows the vibration of the different specific functional groups of M-Gly existing in modified clay. It showed the characteristic peaks of bonding vibrations, such as -CH 2

Figure 12 :

 12 Figure 12: FT-IR spectra of M-Gly modified MMT (50/50 wt%) by different methods: (a) M-

  of M-Gly was intercalated into the interlayer space of MMT, resulting in 14 A° of clay d 001 -spacing. With the high content of M-Gly (>30 wt%), the modification process of MMT using the Haake internal thermomixer increased the d 001 -spacing of MMT impressively (from 54 to 100 A°), making the distribution of the MMT layer structure more disordered.

Table 1 :

 1 Content of monoglyceride used for modification of MMT

	123
	124
	125
	126
	127
	128

Acknowledgements

This research was supported by Faculty of Material Science, University of Science, Viet Nam National University Ho Chi Minh city, Viet Nam and CentraleSupélec, Université Paris-Saclay, Centre Européen de Biotechnologie et de Bioéconomie (CEBB), 3 rue des Rouges Terres, 51 110, Pomacle, France.

Montmorillonite (Mt)

Internal mixer 120 rpm, 15 min, 80 o C