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Abstract 20 

This study focused on the modification of montmorillonite (MMT) using the new modifying 21 

agent monoglyceride (M-Gly). M-Gly formed a self-assembled structure in MMT interlayers, 22 

which may be used for further study in polymer/clay nanocomposites and cosmetic additives. 23 

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0169131719301334
Manuscript_11d7474f13c843d750cc0fc60d0b5596

http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0169131719301334
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0169131719301334


2 
 

The X-ray diffraction results showed the d-spacing of MMT increasing up to 16A° in solvent 24 

and more than 60A° in the melting method compared to 10A° with neat MMT. This implies that 25 

when the melting method is applied using the internal thermomixer device with a high shear 26 

rate, the interlayer space of MMT is expanded considerably. The transmission electron 27 

microscopy results showed there was good dispersion of the organoclay layers in modified 28 

MMT. This means that the silicate layer structure was disordered with two- or three-layer stacks 29 

that were separated after modification. The thermogravimetric analysis also showed the thermal 30 

stability of the modified specimens in each method and evidenced the insertion and elimination 31 

of M-Gly from the interlayer space of MMT during the modification process. 32 

Keywords: melting method; monoglyceride; multilayers; montmorillonite; organoclay. 33 

1. Introduction 34 

Surface modification of clay minerals has received a great deal of attention because it can be 35 

used to create new materials and new applications (Borrego-Sánchez et al., 2018; Wang et al., 36 

2018; Xu et al., 2018). The main focus of the surface modification of clays is to develop new 37 

polymer nanocomposites. This kind of material constitutes one of the most widely developed 38 

areas of nanotechnology (Beall and Goss, 2004; Jordan, 1949; Lucilene et al., 2008). The first 39 

attempt to chemically alter clay galleries with various organic molecules was reported in the late 40 

1940s (Jordan, 1949). Since then a substantial industry has been established to utilize these 41 

organically modified clays. Organoclays are also used in other applications such as adsorbents 42 

of organic pollutants in soil, water and air; oil well drilling fluids; paints; grease; cosmetics; 43 

refractory varnish; and personal care products (Beall and Goss, 2004; Jordan, 1949; Kumar et 44 

al., 2015; Lin et al., 2015; Lucilene et al., 2008; Olutoye et al., 2016; Xu et al., 2018; Zhuang et 45 

al., 2015).  46 
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Several techniques can be employed to modify clays such as adsorption, ion exchange with 47 

inorganic cations and organic cations, binding of inorganic and organic anions (mainly at the 48 

edges), rafting of organic compounds, reaction with acids, pillaring by different types of 49 

poly(hydroxo-metal) cations, intra-particle and inter-particle polymerization, dehydroxylation 50 

and calcination, delamination and re-aggregation of smectites, and lyophilization, ultrasound, 51 

and plasma (Bergaya and Lagaly, 2001; Ghiaci et al., 2011; Lucilene et al., 2008; Olutoye et al., 52 

2016). 53 

Ion exchange with alkylammonium ions is well known and is the preferential method to prepare 54 

organoclays (Lucilene et al., 2008). However, Beall and Goss (Beall and Goss, 2004) also 55 

reported that several limitations arise from using quaternary ammonium as a cation exchange 56 

medium, such as the toxicity of these compounds and the generation of decomposition polymer 57 

nanocomposites that impart an undesirable color, odor and taste, and also degrade the properties 58 

of the composite, as we have reported (Nguyen et al., 2016b) and as reported in the literature 59 

(Gao et al., 2001; Lucilene et al., 2008; Xie et al., 2002). In addition, with a wide variety of 60 

polymers, the commercial availability of quaternary ammonium chemicals, utilized mostly in 61 

the fabric-softener industry, does not meet the world’s need for polymer nanocomposite 62 

elaboration, mainly due to thermodynamic compatibility between the modifying agent and the 63 

polymer. On the other hand, the use of organic surfactants that contain groups possessing partial 64 

negative charges has resulted in research attempting to find alternative methods to organically 65 

modify clays for use in producing polymer nanocomposites. The interaction of such molecules 66 

with the clay surface is possible through two mechanisms. The first involves ion–dipole 67 

interactions, where the saturating cation on the clay surface serves as an adsorption site for polar 68 

non-ionic molecules (Bizovská et al., 2018; Santos et al., 2018). The second type of interaction 69 
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involves hydrogen bonding, either by the direct interaction between the adsorbed polymer and 70 

the oxygen (or hydroxyls) of the clay surface, or through a “water bridge” between the clay 71 

surface and the polymer (Rossi et al., 2003). Numerous studies have been conducted on the 72 

molecular association between montmorillonite (MMT) and organic species such as liquid 73 

aliphatic amine and polyamines (Alemdar et al., 2005; Lucilene et al., 2008; Pospisil et al., 74 

2002; Xiao et al., 2003), acid and polyacids (Avom et al., 2001; Chou et al., 2005; Dentel et al., 75 

1995; Ghiaci et al., 2011; Olutoye et al., 2016; Tran et al., 2005), alcohol, glycols (Chassin, 76 

1973; Lucilene et al., 2008; Pavlidou and Papaspyrides, 2008; Tran et al., 2006), polyglycols 77 

(Lucilene et al., 2008; Pavlidou and Papaspyrides, 2008; Shen et al., 2002; Strawhecker and 78 

Manias, 2000; Zhao et al., 1989) and polyglycol ethers (Lucilene et al., 2008). Analysis of these 79 

complexes has established that the amines are active in basic exchange, while glycerol and 80 

glycol enter the interlayer space without displacing cations (Lucilene et al., 2008; Pavlidou and 81 

Papaspyrides, 2008). 82 

Glyceride was formed by the esterification reaction between a fat oil (vegetal oil) or fatty acid 83 

and glycerin. Glycerides were used in many food applications or dairy and oil-based products to 84 

control emulsion and foam stability. All these applications were based on the potential of M-gly 85 

to adsorb at interfaces, to crystallize and co-crystallize (Sagalowicz et al., 2006). In studying a 86 

successful application of M-Gly in drug delivery and for food, additional research (Sagalowicz 87 

et al., 2006) has shown that an intriguing characteristic of monoglycerides is their capacity to 88 

form various self-assembly structures, liquid crystalline phases, if in contact with water. These 89 

molecules spontaneously self-assemble into lamellar crystalline phase structures when present 90 

in an aqueous environment < 8 wt% of water and in the temperature range from 25 to 105°C.        91 
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           Longtime ago, we have done many projects on MMT and its products. For example; 92 

using several granulometric treatments and chemical processes to separate and purify 93 

montmorillonite (MMT) from the Vietnamese bentonite (Ha -Thuc et al., 2010) or many 94 

applications of organoclay in polymer nanocomposites (Ha-Thuc et al., 2014; Nguyen et al., 95 

2016a; Nguyen et al., 2016b; Tran et al., 2012). We recognized the huge application of MMT in 96 

many areas such as cosmetics, water treatment, reinforcement and air permeability for 97 

packaging technology. However, to expand the application of MMT, its structure must be 98 

modified by biological agents to avoid affecting the health of users and the environment. Until 99 

now, there has been no report on the use of M-Gly for the modification of clay and based on the 100 

idea that these organic molecules can potentially form the self-assembled structure in the MMT 101 

interlayer. The present study focuses on the preparation of organoclays by intercalating the new 102 

modifying agent – M-Gly – into the MMT layers via the solution and melting intercalation 103 

methods. 104 

2. Experiment and materials 105 

2.1. Materials 106 

Vietnamese MMT minerals with 86 milliequivalent (meq)/100 g exchange capacity was 107 

obtained from the Clay Minerals Depository Hiep Phu, Lam Dong province (southern Vietnam) 108 

according to the purification process reported in our previous study (Ha -Thuc et al., 2010). The 109 

modifying agent (M-Gly) used in this study is a commercial glycerin 1-monostearate (> 95 110 

wt%) called distilled monoglycerides supplied by Rikemal® Co., Germany (solid form). This 111 

product was used as received without further purification.  112 

 113 

 114 
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2.2. Modification of MMT using the solvent method 115 

In the solvent method experiment, the M-Gly and MMT were weighed according to the 116 

designated ratio as seen in (Table 1). Ethanol was used as a solvent to dissolve the M-Gly. An 117 

accurately weighed quantity of MMT (1 g) was dispersed in a certain volume of M-Gly/ethanol 118 

solution at 40°C, for 4 h using a mechanical stirrer at 1000 rpm. The solid sample was collected 119 

by centrifugation and carefully dried under vacuum at 80°C in 24 h before further 120 

characterization. 121 

Table 1: Content of monoglyceride used for modification of MMT 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

2.3. Modification of MMT using the melting method 130 

The melting method was applied to modify the MMT by mixing it directly with the modifying 131 

agent without using solvent. Since it is in liquid form above 70°C, the M-Gly was agitated with 132 

MMT at 80°C for 4 h using a magnetic stirrer at an agitation speed of 350 rpm, at the same 133 

ratios as the solvent method (Table 1).  134 

The special method in this study was the melting modification process performed at 80°C using 135 

a Haake internal mixing option. In this typical experiment, the MMT and M-Gly were weighed 136 

according to the various ratios (Table 1) and loaded in the mixing chamber. A mixing process 137 

Material Modification ratio in 
percentage of weight 

Melting method 
using magnetic 

stirrer 

Solvent 
method 

Melting method 
using Haake 
thermomixer  MMT 

(wt%) 
Monoglyceride 

(wt%) 
 

M-M-90-10 90 10 --- --- � 
M-M-70-30 70 30 � � � 
M-M-50-50 50 50 � � � 
M-M-40-60 40 60 --- --- � 
M-M-30-70 30 70 --- --- � 
M-M-20-80 20 80 � � � 
M-M-10-90 10 90 � � --- 
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was run at the defined speed of 120 rpm with a high shear rate for 15 min. Then the modified 138 

MMT was washed once in ethanol before drying under vacuum at 80°C for further 139 

characterization. 140 

The content of M-Gly intercalated in the interlayer space of MMT and the presence of M-Gly 141 

on the surface of MMT were determined to investigate the structural change of modified 142 

specimens and evaluate the effectiveness of each modified method. 143 

        2.4. Characterization of the modified specimens 144 

The structural change of the MMT-Gly samples in both modified methods was investigated by 145 

XRD in a 2θ range of 0.5–20o using a D8 Advance diffractometer (Burker, Germany) with Ni-146 

filtered CuKα radiation (k = 1.54°A) at 40 kV and 40 mA. The scanning was performed with a 147 

resolution of 0.2°/s. 148 

Transmission electron microscope (TEM) images were obtained using TEM equipment, the 149 

JEOL model JEM-1400 with an acceleration voltage of 120 kV. Powder samples are thinly 150 

dispersed on the carbon film coating TEM grids before observation. 151 

Thermogravimetric analyses (TGA) were conducted using a Netzsch STA 409C Thermo 152 

analyzer instrument. The pure and modified samples weighing 15 mg were heated from 25 to 153 

800°C at a heating rate of 10°C/min under nitrogen atmosphere to evaluate the amount of 154 

modifying agent inserted into the interlayer space of MMT and the thermal stability ability of 155 

the specimens.  156 

The FT-IR spectra of the test specimens were recorded as KBr pellets in the spectral range 157 

4000–300 cm-1 on a Perkin–Elmer 1725X FT-IR spectrometer in air at room temperature to 158 

identify the presence of M-Gly on the surface of MMT. 159 

 160 
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3. Results and discussion       161 

3.1. Structural investigation of MMT modified using the solvent method 162 

The XRD pattern (Fig. 1) shows the d001-spacing of MMT modified at different contents in 163 

weight of M-Gly via the solvent method.  164 

 165 

 166 
 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

Figure 1: XRD pattern of monoglyceride modified MMT by solvent method according to 179 

various ratios of MMT/M-Gly: 100/0 (MMT); 70/30; 50/50; 20/80; and 10/90.  180 

 181 

Montmorillonite is characterized by the heterogeneous interlayers, the d001-spacing values is 182 

basal spacing or layer stacking in a phyllosilicate. In this study, the interlayer spacing increased 183 

from 10 A° (2�∼9o) of neat MMT to a maximum value of 16 A° (2�∼6o)	at sample M-M-10-90 184 

(90 wt% M-Gly).  This result showed a progressive disappearance of the 10 Ao structure and the 185 

progressive increase of the distance, with a whole distribution between 10 Ao and 16 Ao and a 186 

stabilization of all structures at 16Ao when the Gly content is enough. This could be proved by 187 

the peak shifted to a narrow angle range when the content of M-Gly increased, but the d-spacing 188 
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value changed little. In this case, it was suggested that the M-Gly molecules had penetrated into 189 

the interlayer space of MMT and arranged in the interlayer, forming the monolayer 190 

conformation with the thickness of about 5-6 A°, as suggested in Fig. 2. According to the study 191 

of how clay was modified by the alkyl ammonium agent (Beall and Goss, 2004), the authors 192 

reported that the d001-spacing of MMT did not depend on the length but rather on the thickness 193 

of these alkyl chains of the modifying agent. Therefore, with the 3.8-A° thickness of the 194 

modifier carbon chains (Beall and Goss, 2004), the d001-spacing gained about 15–16 A°, 195 

corresponding to only one layer of M-Gly (Fig. 2).  196 

 197 

 198 

 199 

 200 

 201 

 202 

 203 

Figure 2: Models localization of monoglyceride molecules in the interlayer space of MMT after 204 

the solvent modification 205 

The main reason for the small amount of M-Gly intercalated in the interlayer space was a 206 

competing factor of ethanol in the interlayer space of MMT. These molecules will hinder the 207 

interaction between the modifying agent and the MMT surface or the exchanged cations in the 208 

interlayer space. Consequently, as illustrated in Fig. 2, the intercalation of M-Gly into MMT 209 

was restricted. After the sample was dried, solvent molecules were evaporated, reducing the 210 

MMT interlayer space. This result was observed in other clay modification studies using ionic 211 
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or non-ionic modifying agents (Nakas and Kaynak, 2008; Shen et al., 2003; Strawhecker and 212 

Manias, 2000). 213 

To improve the M-Gly intercalation into the layer structure of MMT, the ultrasonic treatment 214 

during the modified process was also used at a 40-Hz frequency in 15 min for the MMT/M-Gly 215 

mixture (10/90), called (Utra-M-M-10-90). The XRD results (Fig. 3) show the peak of d001-216 

spacing was not clearly observed and the intensity decreased remarkably as compared to neat 217 

MMT and modified MMT with no ultrasonic treatment (M-M-10-90). This phenomenon may 218 

come from the effect of ultrasonic oscillation, which causes the MMT lamellar disordering and 219 

better dispersion in solution (Guo et al., 2007), resulting in improved intercalation of M-Gly in 220 

the interlayer space of MMT. It also reduced the crystalline layer structure of the MMT. 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

Figure 3: XRD patterns of MMT, and M-Gly modified MMT at ratio 10/90 (M-M-10-90) and 233 

treatment of ultrasound (Utra-M-M-10-90) 234 
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3.2. Structural investigation of MMT modified by the melting method 235 

3.2.1. MMT modified by M-Gly using a magnetic stirrer 236 

Using a magnetic stirrer at high temperature, MMT was modified by M-Gly via the melting 237 

method according to various ratios, as shown in Table 1. The XRD results (Fig. 4) of the 238 

modified samples were not as expected and were similar to those of the solvent method. Even at 239 

a MMT/M-Gly ratio (10/90) (M-M-10-90) with a high M-Gly content, the d001 distance could 240 

only increase to about 14 A°, corresponding to the single layer of M-Gly molecules lying in the 241 

interlayer space of MMT (Avom et al., 2001; Beall and Goss, 2004).  242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

Figure 4: XRD patterns of M-Gly modified MMT by magnetic stirrer according to various ratios 254 

of MMT/M-Gly:100/0 (MMT); 50/50 (M-M-50-50); 20/80 (M-M-20-80) and 10/90 (M-M-10-255 

90). 256 
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The XRD results may be due to the high viscosity of the M-Gly modifying agent at 80°C (Tm ~ 257 

70°C); thus the agitation force by the magnetic stirrer was not enough to make M-Gly 258 

molecules intercalate into the interlayer space of MMT. At a higher modification temperature, 259 

the M-Gly modifying agent starts to be degraded, evidenced by a changed color and smell. 260 

Therefore, in this method, the results showed the interlayer structure of MMT, which was 261 

inserted by a single parallel layer of M-Gly, which increases the d001-spacing to 14 A°. 262 

 263 

3.2.2. MMT modified by M-Gly using the Haake thermomixer  264 

The modification of MMT by M-Gly, with or without solvent, did not effectively increase the 265 

d001-spacing of MMT, as shown in the above-reported results. Another method for the 266 

modification of MMT by melting was based on the Haake internal mixer. This method was used 267 

in creating the high shear rate during mixing at a defined speed, which will enhance the 268 

dynamic mobility of the M-Gly molecules and result in a better interaction with MMT platelets. 269 

This will help M-Gly penetrate into interlayer space of MMT much more easily. The XRD 270 

results (Fig. 5) showed the d001-spacing of modified MMT using the Haake internal mixer.  271 

The M-M-90-10 sample was about 13.6 A° and nearly identical to that of modified clay using 272 

the solvent method and the melting method using magnetic stirring. Meanwhile, the XRD 273 

results of the M-M-70-30 and M-M-50-50 samples did not show the d001 peak clearly. There 274 

was only a broadened mound of a peak observed in 2θ at 4–80 with low intensity. It could be 275 

concluded that, as the M-Gly content increases, the high shear rate force created by the rollers 276 

of the internal mixer plays a greater role that enhances the friction force between M-Gly and 277 

MMT and makes the layer structure of MMT become unstable and disordered. 278 

 279 
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 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

Figure 5: XRD patterns of MMT modified by M-Gly at different ratios of MMT/M-Gly: 100/0; 291 

90/10 (M-M-90-10); 70:30 (M-M-70-30) and 50/50 (M-M-50-50) 292 

When the content of M-Gly used was higher than 30 wt% (from 50 to 80 wt%), a broad 293 

diffraction peak was clearly observed in the small angle of X-ray diffraction (Fig. 6). On the 294 

other hand, the synchrotron X-ray diffraction pattern obtained at 28°C (Fig. 7) evidenced the 295 

presence of diffraction peaks that can be ascribed to the presence of monoglyceride crystals 296 

organized in bilayers.  297 

 298 

 299 

 300 

 301 

 302 

2 4 6 8 10 12 14 16 18 20
0

100

200

300

400

500
Li

n 
(C

ps
)

2-theta (0)

 MMT
 M-M-90-10
 M-M-70-30
 M-M-50-50

13.6 Ao

10.1 Ao



14 
 

 303 

 304 

 305 
  306 
  307 

 308 
 309 
 310 
 311 
 312 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 

 321 

 322 

Figure 6: Small Angle XRD patterns of mixture MMT/ M-Gly at ratio: (a) 20/80 (M-M-20-80); 323 

(b) 30/70 (M-M-30-70); (c) 40:60 (M-M-40-60); (d) 50:50 (M-M-50-50). 324 

In particular, wide-angle peaks at 3.81, 4.31 and 4.54 A° and a narrow-angle peak at 48.35 A° 325 

can be associated with the formation of the M-Gly lamellar Lβ phase (Anese et al., 2011). Thus, 326 

for all modification cases (Fig. 6), this large diffraction peak at 54–70 Ao (1–1.50, 2θ) might 327 

correspond to the d001-spacing of the expanded MMT layer structure after being modified and to 328 

M-Gly crystals on the MMT surface. At the modifying agent content of 50 and 60 wt% (Fig. 6d 329 

and 6c), a very small broad peak in the zone from 2 to 30, 2θ was also observed, indicating the 330 

d001-spacing (about 20–30 A°) of the intercalated MMT layer.  331 

When the M-Gly content increased further (70 and 80 wt%) (Fig. 6b and 6a), the d001 peak of 332 

the modified MMT in the wide-angle diffraction was no longer observed. This indicates that at a 333 

a) b) 

c) d) 
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higher content, under the high shear mixing force of the thermomixer, the modifying agent was 334 

easily intercalated and expanded the layer structure of clay, and results in the disappearance of 335 

characteristics at the wide-angle diffraction (from 2 to 30, 2θ). Especially at 80 wt% of M-Gly, 336 

the diffraction peak at small angles was broadened, which might have been caused by the high 337 

ratio of the expanded MMT layer structure (> 60 A°) and have affected the crystal size of M-338 

Gly. 339 

 340 
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 345 

 346 

 347 
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 356 

Figure 7: XRD pattern of commercial Distilled Monoglycerides 357 
 358 

The very high d001-spacing values (> 60 A°) were obtained by assuming that M-Gly molecules 359 

are self-arranged via hydrogen linking and assembled vertically, as a bilayer, to the MMT layer, 360 

as suggested (Fig. 8). These results were explained based on the previous studies of M-Gly 361 

structure formation (Anese et al., 2011; Beall and Goss, 2004). According to the structure model 362 

of M-Gly proposed (Fig. 8), under the high shear rate force and high content of a modifying 363 
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agent, the electrostatic interaction between layers of clay became weaker and easily disordered. 364 

Thus the modifying agent penetrated easily and expanded the galleries of clay noticeably.  365 

 366 
 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

Figure 8: Illustration of self-assembly molecular structure of M-Gly in clay gallery after being 375 

modified by Haake method 376 

The layer structure organization of MMT-modified M-Gly with the Haake internal mixer was 377 

also investigated by transmittance electronic microscopy (TEM). The TEM images (Fig. 9) 378 

showed the layer structure of modified MMT with some ranges appearing as three or five layers 379 

of clay stacked together but disordered as compared to the original structure of unmodified 380 

MMT. There were also zones showing the single- or double-layer form distributed incoherently 381 

and separately. These results confirm the change of d001 peak formation and its movement 382 

toward the low angles in XRD patterns. 383 

 384 

 385 

 386 

 387 
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 388 

 389 
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 391 
 392 
 393 
 394 
 395 
 396 
 397 
 398 
 399 
 400 

 401 
 402 

Figure 9: TEM images of organoclay modified by 50 wt% of monoglyceride agent (M-M-50-403 

50) via Haake method 404 

3.3. Stability investigation of modified MMT layers 405 

To investigate the modifying agent content in the sample using 50 wt% and 80 wt% of M-Gly 406 

(M-M-50-50 and M-M-20-80, respectively), the Soxhlet extraction process was performed for 407 

48 h in ethanol solvent at 80°C. The XRD results (Fig. 10) show that after extraction of the M-408 

M-50-50 sample, the obvious diffraction peak at the low-angle region had disappeared and there 409 

was only the d001 peak of intercalated MMT distributed at two ranges of 20 A° and 30 A°. In the 410 
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case of the M-M-20-80 sample, there was no longer a diffraction peak observed in the XRD 411 

pattern. This demonstrates that a part of M-Gly was washed out from the MMT layer structure 412 

by solvent, resulting in the disordering of the layer structure of modified clay, which could not 413 

be found as a d001-spacing peak in the XRD pattern. 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

Figure 10: Small Angle XRD pattern of M-Gly modified MMT (50 wt%, M-M-50-50; Haake 427 

method) after soxhlet extraction process during 48 h 428 
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method) sample from 150 to 420°C corresponds to the appropriate M-Gly content used to 438 

modify MMT. Consistently, since the M-Gly was mixed and intercalated into the layer structure 439 

of MMT, the mass loss of the modified MMT corresponds to the corresponding proportion of 440 

the pure M-Gly curve.  441 

 442 

 443 

 444 

 445 
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 447 

 448 

 449 

 450 

 451 

Figure 11: TGA curves of modified MMT: MMT; Monoglyceride (M-Gly); M-M-50-50 (Haake 452 

method); M-M-50-50 (Haake method) soxhlet extraction; and M-M-10-90 (solution method). 453 

After Soxhlet extraction; the TGA curve of the sample was different, the mass loss rate 454 

decreased remarkably, and the degradation temperature was also higher as compared to the 455 

previous cases. This could be explained by the fact that after being extracted by ethanol solvent, 456 

a large amount of the modifying agent was washed out of the MMT surface and galleries. In 457 

addition, only a small content of M-Gly, which exists in the d-spacing zone of 20 and 30 A° 458 

(Fig. 10), remains in the sample and undergoes a weight loss from 213°C to 466°C. Similarly, 459 

MMT modified by M-Gly using the solution method (M-M-10-90) showed nearly 16% weight 460 
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loss of the modifying agent in the same degradation zone. Since it is in the clay interlayer, the 461 

modifying agent degrades, in the last two cases, more slowly than that of M-M-50-50 (Haake 462 

method) and M-Gly, because of the thermal insulation effect. The TGA results are completely 463 

similar to those of the XRD analysis. 464 

The results of XRD and TGA have shown that in modifying MMT using the Haake thermal 465 

mixer, M-Gly has penetrated easily into the interlayer space and expanded the d001 spacing of 466 

MMT. This led the layer structure of MMT to become unstable because the interaction between 467 

the layers of clay weakened. This was the reason that the platelet structure of MMT could not be 468 

held when using extraction by ethanol solvent causing the modifying agent to be easily washed 469 

out of clay galleries during extraction. With TGA analysis, the remaining content of the M-Gly 470 

modifying agent, after ethanol extraction, is about 15.5 wt% inside the MMT layer. Therefore, 471 

this phenomenon will be an advantage in the application of the polymer/clay nanocomposite 472 

preparation where the polymer matrix could be easily inserted into clay’s weaker layer structure 473 

to easily obtain the good dispersion state of the clay in the material. 474 

To identify the presence of M-Gly on the MMT surface after modifying by extraction, FT-IR 475 

analysis (Fig. 12) shows the vibration of the different specific functional groups of M-Gly 476 

existing in modified clay. It showed the characteristic peaks of bonding vibrations, such as -CH2 477 

and -C=O bonding vibration at 2900–3000 cm-1 and 1720 cm-1, respectively. The intensity of 478 

these peaks was relative low, because the content of M-Gly was arranged in a single layer 479 

(solvent method) or double layer (melting method using the magnetic stirrer) in the sample. 480 

With M-Gly-modified MMT by the Haake thermal mixer, the intensity of the peaks was high 481 

and clearly shown (Fig. 12d). These characteristic peaks confirmed again that this Haake 482 

method allowed the substantial content of M-Gly to be easily intercalated into the layer 483 
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structure of MMT as compared to the other methods used. After the Soxhlet extraction using 484 

ethanol solvent, the intensity of the peaks decreased considerably, indicating a significant 485 

amount of modifying agent, which was washed out of the clay structure by solvent. 486 

 487 
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 496 

 497 

Figure 12: FT-IR spectra of M-Gly modified MMT (50/50 wt%) by different methods: (a) M-498 

Gly modified MMT by solvent method, (b) M-Gly modified MMT by Haake method after 499 

soxhlet process, (c) M-Gly modified MMT by magnetic stirring, (d) M-Gly modified MMT by 500 

Haake method 501 

4. Conclusion 502 

Montmorillonite was modified by commercial monoglyceride (M-Gly) using the solvent 503 

method and the melting method. In the solvent method, the modifying agent intercalated into 504 

the interlayer space and formed the double layers parallel to MMT platelets, which increased the 505 

d001-spacing of MMT from 10 A° to 16 A°. From the melting method using a magnetic stirrer, 506 
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only one layer of M-Gly was intercalated into the interlayer space of MMT, resulting in 14 A° 507 

of clay d001-spacing. With the high content of M-Gly (>30 wt%), the modification process of 508 

MMT using the Haake internal thermomixer increased the d001-spacing of MMT impressively 509 

(from 54 to 100 A°), making the distribution of the MMT layer structure more disordered.  510 

The extraction of modified clay by ethanol has proved that the M-Gly inside the expanded 511 

MMT galleries was easily washed out and then the layer structure was partially loss. This 512 

phenomenon indicates that in such expanded MMT galleries, the electrostatic force between the 513 

MMT layers becomes very weak and easily loses the crystalline layer structure if there is a 514 

sufficiently high shear force applied. This point will be an advantage in the use of this modified 515 

MMT in the polymer nanocomposite field. 516 
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