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Abstract
This study focused on the modification of montmorillonite (MMT) using the new modifying
agent monoglyceride (M-Gly). M-Gly formed a self-assembled structure in MMT interlayers,

which may be used for further study in polymer/clay nanocomposites and cosmetic additives.
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https://creativecommons.org/licenses/by-nc/4.0/


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

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

The X-ray diffraction results showed the d-spaanidMT increasing up to 16A° in solvent
and more than 60A° in the melting method compapetDiA® with neat MMT. This implies that
when the melting method is applied using the irgkethermomixer device with a high shear
rate, the interlayer space of MMT is expanded amrsibly. The transmission electron
microscopy results showed there was good dispersiotme organoclay layers in modified
MMT. This means that the silicate layer structueeswlisordered with two- or three-layer stacks
that were separated after modification. The themaametric analysis also showed the thermal
stability of the modified specimens in each methad evidenced the insertion and elimination
of M-Gly from the interlayer space of MMT duringetimodification process.

Keywords: melting method; monoglyceride; multilayers; mootitlonite; organoclay.

1. Introduction
Surface modification of clay minerals has receivagteat deal of attention because it can be
used to create new materials and new applicatiBosr¢go-Sanchez et al., 2018; Wang et al.,
2018; Xu et al., 2018). The main focus of the stefenodification of clays is to develop new
polymer nanocomposites. This kind of material ciom®ts one of the most widely developed
areas of nanotechnology (Beall and Goss, 20042d¢rtP049; Lucilene et al., 2008). The first
attempt to chemically alter clay galleries withieass organic molecules was reported in the late
1940s (Jordan, 1949). Since then a substantialstndinas been established to utilize these
organically modified clays. Organoclays are alsedus other applications such as adsorbents
of organic pollutants in soil, water and air; oieNvdrilling fluids; paints; grease; cosmetics;
refractory varnish; and personal care products l[Bea Goss, 2004; Jordan, 1949; Kumar et
al., 2015; Lin et al., 2015; Lucilene et al., 20@8utoye et al., 2016; Xu et al., 2018; Zhuang et

al., 2015).
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Several techniques can be employed to modify ctaygdh as adsorption, ion exchange with
inorganic cations and organic cations, bindingrafrganic and organic anions (mainly at the
edges), rafting of organic compounds, reaction vétids, pillaring by different types of
poly(hydroxo-metal) cations, intra-particle andemparticle polymerization, dehydroxylation
and calcination, delamination and re-aggregatiosroéctites, and lyophilization, ultrasound,

and plasma (Bergaya and Lagaly, 2001; Ghiaci g@l1; Lucilene et al., 2008; Olutoye et al.,

2016).
lon exchange with alkylammonium ions is well knoamd is the preferential method to prepare
organoclays (Lucilene et al., 2008). However, Beadtl Goss (Beall and Goss, 2004) also

reported that several limitations arise from usiugternary ammonium as a cation exchange
medium, such as the toxicity of these compoundstlaadieneration of decomposition polymer
nanocomposites that impart an undesirable colar add taste, and also degrade the properties
of the composite, as we have reported (Nguyen.eP@l6b) and as reported in the literature
(Gao et al., 2001, Lucilene et al., 2008; Xie et 2002). In addition, with a wide variety of
polymers, the commercial availability of quaternarpmonium chemicals, utilized mostly in
the fabric-softener industry, does not meet theldi®rneed for polymer nanocomposite
elaboration, mainly due to thermodynamic compatibbbetween the modifying agent and the
polymer. On the other hand, the use of organiastahts that contain groups possessing partial
negative charges has resulted in research attegnjatifind alternative methods to organically
modify clays for use in producing polymer nanocosif@s. The interaction of such molecules
with the clay surface is possible through two medras. The first involves ion—dipole
interactions, where the saturating cation on thg surface serves as an adsorption site for polar

non-ionic molecules (Bizovska et al., 2018; Samtbal., 2018). The second type of interaction
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involves hydrogen bonding, either by the direceiattion between the adsorbed polymer and
the oxygen (or hydroxyls) of the clay surface, lmotigh a “water bridge” between the clay
surface and the polymer (Rossi et al., 2003). Nooestudies have been conducted on the
molecular association between montmorillonite (MMANd organic species such as liquid
aliphatic amine and polyamines (Alemdar et al.,200ucilene et al., 2008; Pospisil et al.,
2002; Xiao et al., 2003), acid and polyacids (Aveinal., 2001; Chou et al., 2005; Dentel et al.,
1995; Ghiaci et al., 2011; Olutoye et al., 2016aret al., 2005), alcohol, glycols (Chassin,
1973; Lucilene et al., 2008; Pavlidou and Papadpgti 2008; Tran et al., 2006), polyglycols
(Lucilene et al., 2008; Pavlidou and Papaspyri@®§8; Shen et al., 2002; Strawhecker and
Manias, 2000; Zhao et al., 1989) and polyglycokeeti{Lucilene et al., 2008). Analysis of these
complexes has established that the amines areeaictibasic exchange, while glycerol and
glycol enter the interlayer space without displgamations (Lucilene et al., 2008; Pavlidou and
Papaspyrides, 2008).

Glyceride was formed by the esterification reacti@tween a fat oil (vegetal oil) or fatty acid
and glycerin. Glycerides were used in many foodiegtons or dairy and oil-based products to
control emulsion and foam stability. All these apglions were based on the potential of M-gly
to adsorb at interfaces, to crystallize and cotelise (Sagalowicz et al., 2006). In studying a
successful application of M-Gly in drug deliverydafor food, additional research (Sagalowicz
et al., 2006) has shown that an intriguing charestie of monoglycerides is their capacity to
form various self-assembly structures, liquid callste phases, if in contact with water. These
molecules spontaneously self-assemble into lametigstalline phase structures when present

in an aqueous environment < 8 wt% of water anthéntémperature range from 25 to 105°C.
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Longtime ago, we have done many projectsMMT and its products. For example;
using several granulometric treatments and chemprakcesses to separate and purify
montmorillonite (MMT) from the Viethamese bentonifgla -Thuc et al., 2010) or many
applications of organoclay in polymer nanocompasitda-Thuc et al., 2014; Nguyen et al.,
2016a; Nguyen et al., 2016b; Tran et al., 2012).rédegnized the huge application of MMT in
many areas such as cosmetics, water treatmentionm@ment and air permeability for
packaging technology. However, to expand the agptin of MMT, its structure must be
modified by biological agents to avoid affecting thealth of users and the environment. Until
now, there has been no report on the use of M-@lytfe modification of clay and based on the
idea that these organic molecules can potentialiyfthe self-assembled structure in the MMT
interlayer. The present study focuses on the padiparof organoclays by intercalating the new
modifying agent — M-Gly — into the MMT layers viae solution and melting intercalation
methods.

2. Experiment and materials

21. Materials
Vietnamese MMT minerals with 86 milliequivalent (@)A00 g exchange capacity was
obtained from the Clay Minerals Depository Hiep Pbham Dong province (southern Vietnam)
according to the purification process reportedun mrevious study (Ha -Thuc et al., 2010). The
modifying agent (M-Gly) used in this study is a auosrcial glycerin 1-monostearate (> 95
wit%) called distilled monoglycerides supplied byk&nal® Co., Germany (solid form). This

product was used as received without further paifon.
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2.2.  Modification of MM T using the solvent method
In the solvent method experiment, the M-Gly and MMEre weighed according to the
designated ratio as seen in (Table 1). Ethanolugad as a solvent to dissolve the M-Gly. An
accurately weighed quantity of MMT (1 g) was digeef in a certain volume of M-Gly/ethanol
solution at 40°C, for 4 h using a mechanical stiate1000 rpm. The solid sample was collected
by centrifugation and carefully dried under vacuuah 80°C in 24 h before further
characterization.

Table 1. Content of monoglyceride used for modificationiT

Material Modification ratio in ~ Melting method Solvent Melting methéd
percentage of weight using magnetic method using Haake
MMT  Monoglyceride stirrer thermomixek24
(Wt%) (Wt%)
M-M-90-10 90 10 v 1
M-M-70-30 70 30 v v v
M-M-50-50 50 50 v v v 126
M-M-40-60 40 60 4
M-M-30-70 30 70 v 127
M-M-20-80 20 80 v v v
M-M-10-90 10 90 v v .. 128

2.3. Modification of MM T using the melting method
The melting method was applied to modify the MMT rhixing it directly with the modifying
agent without using solvent. Since it is in liq@iidm above 70°C, the M-Gly was agitated with
MMT at 80°C for 4 h using a magnetic stirrer atagitation speed of 350 rpm, at the same
ratios as the solvent method (Table 1).
The special method in this study was the meltinglification process performed at 80°C using
a Haake internal mixing option. In this typical exjjment, the MMT and M-Gly were weighed

according to the various ratios (Table 1) and ldaidethe mixing chamber. A mixing process
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was run at the defined speed of 120 rpm with a Blgkar rate for 15 min. Then the modified
MMT was washed once in ethanol before drying ungacuum at 80°C for further
characterization.
The content of M-Gly intercalated in the interlappace of MMT and the presence of M-Gly
on the surface of MMT were determined to invesgagtite structural change of modified
specimens and evaluate the effectiveness of eadifietbomethod.

2.4. Characterization of the modified specimens
The structural change of the MMT-Gly samples inhbimiodified methods was investigated by
XRD in a D range of 0.5-20using a D8 Advance diffractometer (Burker, Germjamith Ni-
filtered Cuk, radiation (k = 1.54°A) at 40 kV and 40 mA. The mgi;g was performed with a
resolution of 0.2°/s.
Transmission electron microscope (TEM) images wabtained using TEM equipment, the
JEOL model JEM-1400 with an acceleration voltagel®® kV. Powder samples are thinly
dispersed on the carbon film coating TEM grids befabservation.
Thermogravimetric analyses (TGA) were conductechgish Netzsch STA 409C Thermo
analyzer instrument. The pure and modified sampleighing 15 mg were heated from 25 to
800°C at a heating rate of 10°C/min under nitrogémosphere to evaluate the amount of
modifying agent inserted into the interlayer spat®MT and the thermal stability ability of
the specimens.
The FT-IR spectra of the test specimens were redoas KBr pellets in the spectral range
4000-300 crif on a Perkin—Elmer 1725X FT-IR spectrometer inairoom temperature to

identify the presence of M-Gly on the surface of MIM
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3. Resultsand discussion
3.1.  Structural investigation of MM T modified using the solvent method
The XRD pattern (Fig. 1) shows thgedspacing of MMT modified at different contents in

weight of M-Gly via the solvent method.

3000+
— MMT
— M-M-70-30
|10 2040
— M-M-10-90
2000+
m
o
L
£ 15004
-
1000+

500+

T T T — T T T T T T T T T T 1
2 4 6 8 10 12 14 16 18 20
2-theta Q)

Figure 1. XRD pattern of monoglyceride modified MMT by sohtemethod according to
various ratios of MMT/M-Gly: 100/0 (MMT); 70/30; 380; 20/80; and 10/90.

Montmorillonite is characterized by the heterogersemterlayers, theogh-spacing values is
basal spacing or layer stacking in a phyllosilicétethis study, the interlayer spacing increased
from 10 A° (B~9) of neat MMT to a maximum value of 16 A°426°) at sample M-M-10-90
(90 wt% M-Gly). This result showed a progressiisagpearance of the 10 Atructure and the
progressive increase of the distance, with a wh@gibution between 10 Pand 16 & and a
stabilization of all structures at 18Avhen the Gly content is enough. This could be edolry
the peak shifted to a narrow angle range whendheeat of M-Gly increased, but the d-spacing

8
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value changed little. In this case, it was suggestat the M-Gly molecules had penetrated into
the interlayer space of MMT and arranged in theerlayer, forming the monolayer
conformation with the thickness of about 5-6 A°saggested in Fig. 2. According to the study
of how clay was modified by the alkyl ammonium agéeall and Goss, 2004), the authors
reported that thegghi-spacing of MMT did not depend on the length babeaon the thickness
of these alkyl chains of the modifying agent. Theme, with the 3.8-A° thickness of the
modifier carbon chains (Beall and Goss, 2004), dhg-spacing gained about 15-16 A°,

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

M-Gly Ethanol

¥4
£
=
;
i
5
:

Figure 2: Models localization of monoglyceride moleculeghie interlayer space of MMT after
the solvent modification

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

competing factor of ethanol in the interlayer spat®MMT. These molecules will hinder the

interaction between the modifying agent and the M&difface or the exchanged cations in the

interlayer space. Consequently, as illustratedign E, the intercalation of M-Gly into MMT

was restricted. After the sample was dried, solventecules were evaporated, reducing the

MMT interlayer space. This result was observedthreoclay modification studies using ionic



212  or non-ionic modifying agents (Nakas and KaynalQ&0Shen et al., 2003; Strawhecker and
213 Manias, 2000).

214 To improve the M-Gly intercalation into the laydrusture of MMT, the ultrasonic treatment
215 during the modified process was also used at azf@dduency in 15 min for the MMT/M-Gly
216 mixture (10/90), called (Utra-M-M-10-90)he XRD results (Fig. 3) show the peak dab-

217 spacing was not clearly observed and the interttyreased remarkably as compared to neat
218 MMT and modified MMT with no ultrasonic treatmer¥{M-10-90). This phenomenon may
219 come from the effect of ultrasonic oscillation, alinicauses the MMT lamellar disordering and
220 better dispersion in solution (Guo et al., 200@gulting in improved intercalation of M-Gly in

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

222 500+
— MMT
223 i — M-M-10-90
i e Utra_M_M_lo_gc
ooa 400
225
o 300-
o
226 3)
<
227 = 200-
228 3
929 100 *,
230
0 T T T T T T T T T T T T T T T T T 1
231 2 4 6 8 10 12 14 16 18 20
2-theta {)
232

233 Figure 3: XRD patterns of MMT, and M-Gly modified MMT at rat10/90 (M-M-10-90) and

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

3.21. MMT modified by M-Gly using a magnetic stirrer
Using a magnetic stirrer at high temperature, MMaswnodified by M-Gly via the melting
method according to various ratios, as shown inlefdb The XRD results (Fig. 4) of the
modified samples were not as expected and werdasitoithose of the solvent method. Even at
a MMT/M-Gly ratio (10/90) (M-M-10-90) with a high MGly content, the &; distance could
only increase to about 14 A°, corresponding tosingle layer of M-Gly molecules lying in the

interlayer space of MMT (Avom et al., 2001; BealtlaGoss, 2004).

1000
—— MMT
—— M-M-50-50
800- 14N —— M-M-20-80
— M-M-10-90

O T T !

T T T T T T T T T T T T T T 1
2 4 6 8 10 12 14 16 18 20
2-theta {)
Figure4: XRD patterns of M-Gly modified MMT by magneticrsér according to various ratios
of MMT/M-GIly:100/0 (MMT); 50/50 (M-M-50-50); 20/8@M-M-20-80) and 10/90 (M-M-10-

90).
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The XRD results may be due to the high viscositthef M-Gly modifying agent at 80°C (I~
70°C); thus the agitation force by the magneticrestiwas not enough to make M-Gly
molecules intercalate into the interlayer spac®MT. At a higher modification temperature,
the M-Gly modifying agent starts to be degradeddewed by a changed color and smell.
Therefore, in this method, the results showed titerlayer structure of MMT, which was

inserted by a single parallel layer of M-Gly, whicicreases theygh-spacing to 14 A°.

3.2.2. MMT modified by M-Gly using the Haake ther momixer
The modification of MMT by M-Gly, with or withoutadvent, did not effectively increase the
door-spacing of MMT, as shown in the above-reportedultes Another method for the
modification of MMT by melting was based on the Kaanternal mixer. This method was used
in creating the high shear rate during mixing atledined speed, which will enhance the
dynamic mobility of the M-Gly molecules and resulia better interaction with MMT platelets.
This will help M-Gly penetrate into interlayer sgaof MMT much more easily. The XRD
results (Fig. 5) showed thgggtspacingof modified MMT using the Haake internal mixer.
The M-M-90-10 sample was about 13.6 A° and nealéntiical to that of modified clay using
the solvent method and the melting method usingnetag stirring. Meanwhile, the XRD
results of the M-M-70-30 and M-M-50-50 samples dat show the g, peak clearly. There
was only a broadened mound of a peak observe@ &t 2—8 with low intensity. It could be
concluded that, as the M-Gly content increaseshifle shear rate force created by the rollers
of the internal mixer plays a greater role thatasrdes the friction force between M-Gly and

MMT and makes the layer structure of MMT becometaioie and disordered.

12
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Figure5: XRD patterns of MMT modified by M-Gly at differenatios of MMT/M-Gly: 100/0;
90/10 (M-M-90-10); 70:30 (M-M-70-30) and 50/50 (M-50D-50)

When the content of M-Gly used was higher than 3% wfrom 50 to 80 wt%), a broad

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

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

presence of diffraction peaks that can be ascribetthe presence of monoglyceride crystals

organized in bilayers.

13



303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

318
319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

S g
8- :
- Q-
4 a) w_ b)
3- 2
@ . S o]
S 8+ E o
= h g—
S d001=66.25A
<] | doo1=54-1004 s |
Q|||||||||||||||||g|'|'|'|'|'|'|'|'|'|
Q- ]
S-d001=65.5-135A () 8 d)
o 7]
o @7 & g4 d001=69.59A
2 £
2 o ~ .
£ v
| g_
o
= 4
o &
"] ' ()
S Trr—T—— V7 v 7+ T 7 Tr~T T T T T o+ O©OT T T TT1 T 1 T 1T I T T T 1T T 1 T TT 1
05 1 2 3 4 5 6 7 8 9 05 1 2 3 4 5 6 7 8 9
2 Theta(®) 2 Theta(®)

Figure 6: Small Angle XRD patterns of mixture MMT/ M-Gly @dtio: (a) 20/80 (M-M-20-80);
(b) 30/70 (M-M-30-70); (c) 40:60 (M-M-40-60); (dp50 (M-M-50-50).
In particular, wide-angle peaks at 3.81, 4.31 add #/° and a narrow-angle peak at 48.35 A°
can be associated with the formation of the M-@lypéllar L3 phase (Anese et al., 2011). Thus,
for all modification cases (Fig. 6), this largefdittion peak at 54—70 A1-1.8, 26) might
correspond to thepgh-spacing of the expanded MMT layer structure dfesng modified and to
M-Gly crystals on the MMT surface. At the modifyiagent content of 50 and 60 wt% (Fig. 6d
and 6¢), a very small broad peak in the zone froim 2, 26 was also observed, indicating the
door-spacing (about 20-30 A°) of the intercalated MMYdr.
When the M-Gly content increased further (70 andv@®) (Fig. 6b and 6a), theyd peak of
the modified MMT in the wide-angle diffraction wae longer observed. This indicates that at a

14



334 higher content, under the high shear mixing forcthe thermomixer, the modifying agent was
335 easily intercalated and expanded the layer straatficlay, and results in the disappearance of
336 characteristics at the wide-angle diffraction (fr@no 3, 28). Especially at 80 wt% of M-Gly,
337 the diffraction peak at small angles was broademd;h might have been caused by the high
338 ratio of the expanded MMT layer structure (> 60 Afd have affected the crystal size of M-

339 Gly.

340 10000+
341 48.35 A

342
343
344 8000+

345

Distilled Monoglyceride$

346 6000+

Lin (Cps)

347

348 4000

349
350 2oooim

351 ]

353 ol A

354 5 10 15 20 25 30

355 2-theta {)

356

357 Figure7: XRD pattern of commercial Distilled Monoglycerides

358

359 The very high gh;-spacing values (> 60 A°) were obtained by assurthiag M-Gly molecules

360 are self-arranged via hydrogen linking and assednbéetically, as a bilayer, to the MMT layer,
361 as suggested (Fig. 8). These results were expldasdd on the previous studies of M-Gly
362 structure formation (Anese et al., 2011; Beall @uds, 2004). According to the structure model

363 of M-Gly proposed (Fig. 8), under the high shede farce and high content of a modifying

15



364 agent, the electrostatic interaction between lagérday became weaker and easily disordered.

365 Thus the modifying agent penetrated easily and g the galleries of clay noticeably.
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373

374

375 Figure 8: lllustration of self-assembly molecular structoféeM-Gly in clay gallery after being
376 modified by Haake method

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

378 also investigated by transmittance electronic nsicopy (TEM). The TEM images (Fig. 9)
379 showed the layer structure of modified MMT with sonanges appearing as three or five layers
380 of clay stacked together but disordered as comptretie original structure of unmodified
381 MMT. There were also zones showing the single-autde-layer form distributed incoherently
382 and separately. These results confirm the changeéefpeak formation and its movement
383 toward the low angles in XRD patterns.
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Figure9: TEM images of organoclay modified by 50 wt% of maglyceride agent (M-M-50-
50) via Haake method
3.3. Stability investigation of modified MMT layers
To investigate the modifying agent content in thengle using 50 wt% and 80 wt% of M-Gly
(M-M-50-50 and M-M-20-80, respectively), the Soxhéxtraction process was performed for
48 h in ethanol solvent at 80°C. The XRD resulig.(EQ) show that after extraction of the M-
M-50-50 sample, the obvious diffraction peak atldve-angle region had disappeared and there

was only the gh; peak of intercalated MMT distributed at two rangé20 A° and 30 A°. In the
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case of the M-M-20-80 sample, there was no longdiffeaction peak observed in the XRD
pattern. This demonstrates that a part of M-Gly washed out from the MMT layer structure
by solvent, resulting in the disordering of thedagtructure of modified clay, which could not

be found as aggi-spacing peak in the XRD pattern.

300-
— M-M-50-50 after soxhleﬁ
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Figure 10: Small Angle XRD pattern of M-Gly modified MMT (58t%, M-M-50-50; Haake

method) after soxhlet extraction process duringp 48

Furthermore, the M-Gly content existing in the lag&ructure was also investigated by thermal
gravimetric analysis (TGA). The results from Figl Bhowed that the decomposition
temperature of M-Gly occurred from 150°C to 470With unmodified MMT, the mass loss

occurred at the temperature range from 40°C to @2@drresponding to the evaporation of
water molecules existing in the MMT structure. Medile, before and after being extracted by
ethanol, the M-M-50-50 (Haake method) did not shbig weight loss. It was suggested that
after being modified, MMT became more hydrophohid aemarkably reduced the inherent

moisture absorption ability of MMT. The nearly 50&&ight loss in the M-M-50-50 (Haake
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method) sample from 150 to 420°C corresponds toaty@opriate M-Gly content used to
modify MMT. Consistently, since the M-Gly was mixadd intercalated into the layer structure
of MMT, the mass loss of the modified MMT corresgsrto the corresponding proportion of

the pure M-Gly curve.

= MMT
120+ Monoglyceride
M-M-50-50
——— M-M-50-50 after soxhlet extraction by EtOH
100- —— M-M-10-90 modified by solution method
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Figure 11: TGA curves of modified MMT: MMT; Monoglyceride (NBly); M-M-50-50 (Haake
method); M-M-50-50 (Haake method) soxhlet extragtiand M-M-10-90 (solution method).
After Soxhlet extraction; the TGA curve of the sdmpvas different, the mass loss rate
decreased remarkably, and the degradation temperatas also higher as compared to the
previous cases. This could be explained by thetfattafter being extracted by ethanol solvent,
a large amount of the modifying agent was washddobthe MMT surface and galleries. In
addition, only a small content of M-Gly, which esisn the d-spacing zone of 20 and 30 A°
(Fig. 10), remains in the sample and undergoesighivess from 213°C to 466°C. Similarly,

MMT maodified by M-Gly using the solution method (M-10-90) showed nearly 16% weight
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loss of the modifying agent in the same degradatmme. Since it is in the clay interlayer, the
modifying agent degrades, in the last two casesemltowly than that of M-M-50-50 (Haake
method) and M-Gly, because of the thermal insuta&tiect. The TGA results are completely
similar to those of the XRD analysis.

The results of XRD and TGA have shown that in mgdd MMT using the Haake thermal
mixer, M-Gly has penetrated easily into the intgelaspace and expanded thg;&pacing of
MMT. This led the layer structure of MMT to becommestable because the interaction between
the layers of clay weakened. This was the reasatrthie platelet structure of MMT could not be
held when using extraction by ethanol solvent cagyiiie modifying agent to be easily washed
out of clay galleries during extraction. With TGAalysis, the remaining content of the M-Gly
modifying agent, after ethanol extraction, is abbbits5 wt% inside the MMT layer. Therefore,
this phenomenon will be an advantage in the appdiceof the polymer/clay nanocomposite
preparation where the polymer matrix could be gasgerted into clay’s weaker layer structure
to easily obtain the good dispersion state of thg in the material.

To identify the presence of M-Gly on the MMT sudaafter modifying by extraction, FT-IR
analysis (Fig. 12) shows the vibration of the d#f# specific functional groups of M-Gly
existing in modified clay. It showed the charaatci peaks of bonding vibrations, such as ;CH
and -C=0 bonding vibration at 2900—3000cand 1720 cm, respectively. The intensity of
these peaks was relative low, because the confeM-@ly was arranged in a single layer
(solvent method) or double layer (melting methothgighe magnetic stirrer) in the sample.
With M-Gly-modified MMT by the Haake thermal mixehe intensity of the peaks was high
and clearly shown (Fig. 12d). These characteripgaks confirmed again that this Haake

method allowed the substantial content of M-Glyh® easily intercalated into the layer
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structure of MMT as compared to the other methaskduAfter the Soxhlet extraction using
ethanol solvent, the intensity of the peaks deesasonsiderably, indicating a significant

amount of modifying agent, which was washed ouhefclay structure by solvent.
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Figure 12: FT-IR spectra of M-Gly modified MMT (50/50 wt%) kdifferent methods: (a) M-
Gly modified MMT by solvent method, (b) M-Gly mogiti MMT by Haake method after
soxhlet process, (c) M-Gly modified MMT by magnestrring, (d) M-Gly modified MMT by
Haake method
4. Conclusion

Montmorillonite was modified by commercial monoglye (M-Gly) using the solvent
method and the melting method. In the solvent nektiie modifying agent intercalated into
the interlayer space and formed the double layarallel to MMT platelets, which increased the

doo1-spacing of MMT from 10 A° to 16 A°. From the malgi method using a magnetic stirrer,

21



507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

only one layer of M-Gly was intercalated into tikerlayer space of MMT, resulting in 14 A°
of clay dyoi-spacing. With the high content of M-Gly (>30 wt%)e modification process of
MMT using the Haake internal thermomixer increatiesl do;-spacing of MMT impressively
(from 54 to 100 A°), making the distribution of tMMT layer structure more disordered.

The extraction of modified clay by ethanol has mauthat the M-Gly inside the expanded
MMT galleries was easily washed out and then thyerlastructure was partially loss. This
phenomenon indicates that in such expanded MMEged, the electrostatic force between the
MMT layers becomes very weak and easily loses tigstaline layer structure if there is a
sufficiently high shear force applied. This pointlWwe an advantage in the use of this modified
MMT in the polymer nanocomposite field.
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