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Abstract

In this study, three types of long-chain surfactants including 12-aminododecanoic acid (ADA), hexadecyl trimethyl
ammonium bromide (CTAB) and sodium laurylsulfonate (SLS) were intercalated into Na-montmorillonite layers through
ion exchange, resulting increased basal spacing of the interlayers, as well as the change of clay surface from hydrophilic to
hydrophobic as proved by X-ray diffraction and Fourier transform infrared spectroscopy analyses. Differential thermal
analysis, thermogravimetric measurement combined with infrared spectroscopy and derivative thermogravimetric analysis
were used to understand the relation between the thermal stability and the molecular structure of the organo-modified
montmorillonites. The results showed that MMT increased the decomposition temperature of ADA, delayed the decom-
position temperature of CTAB and SLS, and stimulated the generation of CO,. The interlayer space might play a more
significant role than the external surface of MMT in influencing the pyrolysis of OMMT.
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Introduction

Montmorillonite (MMT), which presents high aspect ratio,
ion exchange and good mechanical strength, has been
modified as host materials for surfactants and, as such, has
been dispersed into polymeric matrix in order to improve
the thermal properties and moisture resistance
[9, 10, 17, 38]. MMT has a kind of sandwiched structure
composed of alumina octahedral sheet between two silica
tetrahedral sheets, connected by oxygen atoms common to
the both sheets [1, 36]. The thickness of each layer is about
1 nm, and the lateral dimension may vary from 30 nm to
several microns or larger, resulting in high aspect ratio and
specific surface area [27, 30]. Based on the nano effect,
MMT has been used to reinforce polymer composites
effectively even at very low amount [25]. However, due to
isomorphic substitutions in the lattice, the MMT layer is
usually negatively charged, which is counterbalanced by

P4 Jinzhen Cao
caoj @bjfu.edu.cn

College of Materials Science and Technology, Beijing
Forestry University, Qinghua East Road 35, Haidian,
Beijing 100083, China

exchangeable cations like Na™, Ca*" and Li" [28]. As a
result, natural MMT is hydrophilic and tends to form
agglomerates. The well dispersion of unmodified MMT in
nonpolar polymers is much too difficult, which restricts
enhancement of the polymer properties to some extent [6].

To overcome this restriction, the normally hydrophilic
silicate surface should be converted to organophilic by ion-
exchange reactions with some organic compounds,
including cationic, anionic surfactants, or organic acid
[7, 22, 29, 41]. Usually, alkylammonium salts are used to
modify montmorillonite, producing clay with a hydropho-
bic character and a greater interlayer space [16]. However,
due to the degradation of alkylammonium salts themselves
at elevated temperatures, the instability of the
organomontmorillonite (OMMT) would adversely affect
the stability of the nanocomposites [34]. Moreover, it has
been reported that anionic surfactants are capable of
intercalating MMT, but the driving force to assist them to
adsorb and intercalate in MMT is limited, which poses
difficulty in this process [40]. Cationic and anionic sur-
factant mixtures, such as hexadecyl trimethyl ammonium
bromide (CTAB) and sodium dodecyl sulfonate (SDS)
blend, have also been used as modifiers to synthetize
cation—anion OMMT. It was demonstrated that anionic
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surfactant can be intercalated into MMT more easily
through the interaction with cationic surfactant rather than
by ion exchange [11, 12, 41]. As for organic acid modifier,
ADA in the MMT undergone Hoffman elimination and
hydrocracking during the heating process and produced
NH; and saturated hydrocarbons [24]. Liu et al. [23] found
that organic modifiers with different functional groups in
the presence of MMT exhibited varying pyrolysis behav-
iors. However, less attention was put on the relationship
between the thermal stability and the molecular structure of
the organo-modified montmorillonites.

Herein, the objective of our study is to investigate the
effects of three different modifiers including a cationic
surfactant (hexadecyl trimethyl ammonium bromide,
CTAB), an anionic surfactant (sodium laurylsulfonate,
SLS) and an organic acid surfactant (12-aminododecanoic
acid, ADA) on structure and thermal degradation of
OMMT. These modifiers have all been previously used in
MMT modification [8, 19, 30] and proved to be able to
intercalate into MMT layers. Their molecular structures are
shown in Table 1. CTAB contains alkyl quaternary
ammonium cations, SLS is characterized with alkyl sulfo
anions, and ADA contains amino in one end and carboxyl
group in the other end. These three modifiers contain
similar length of alkyl chains but different functional
groups, therefore, can be used to study the effect of func-
tional groups on pyrolysis of OMMT.

In this study, X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FTIR) were used to
characterize OMMT prepared by different modifiers, and

Table 1 Organic modifiers used in this study

derivative thermogravimetric analysis (DTG) and thermo-
gravimetric measurement combined with Fourier transform
infrared spectroscopy (TG-FTIR) were used to investigate
the thermal degradation performance of these OMMT.

Materials and methods
Chemical agents

Na-montmorillonite (Na-MMT) (Nanocor Inc., USA) was
purchased from East West Company, Beijing, China. The
specific gravity is 2.6. The mean particle size is around
16-22 um. The pH of 5%w/w Na-MMT in distilled water
is 9-10. The aspect ratio (length/width) is 150-200, and the
cation exchange capacity (CEC) is 145 mmol/100 g.
CTAB (AR) was provided by Shanghai Macklin Bio-
chemical Co., Ltd. of China. SLS (AR) was provided by
Xilong Chemical Co., Ltd. of China. ADA (AR) was pro-
vided by J&K Scientific Ltd., China. The modified mont-
morillonites were, respectively, denoted as CTAB-MMT,
SLS-MMT and ADA-MMT.

Preparation of OMMT

First, the Na-MMT was dried in an oven at 60 °C for 24 h
to remove water attached on its surface. 10 g of MMT was
dispersed in 200 mL distilled water at 80 °C for 24 h under
magnetic stirring, and then subjected to sonicating with an
ultrasound processor (KQ-250DB, Kun Shan Ultrasonic

Name Type Molecular structure Mw/g mol™
Hexadecyl CHg(CH,),sN(CHy),Br 364.45
trimethyl CH,
.y Cationic ’L( CH,
ammonium LN U U U U U U s ~ch
bromide B 3
CH,(CH,),,SO,Na 272.38
Sodium 0
Anionic 0 G NN 7 +
laurylsulfonate H,C ~__Na
7 o
(0)
NH,(CH.,),,COOH 215.33

12-

Aminododecan Organic

acid
oic acid HoN \/\/\/\/\/\/”\
OH
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Instruments Co., Ltd., China) for 30 min at nominal power
of 40% amplitude and full cycle. 14.5 mmol CTAB was
added slowly to 100 mL of ethanol solution (ethanol: dis-
tilled water = 1:1) and 0.5 N HCIl. The treated Na-MMT
and CTAB were placed in a three-necked flask and stirred
at 80 °C for another 24 h. The resultant mixture obtained is
filtered and repeatedly washed with large amount of dis-
tilled water until no white precipitate is detected using an
AgNOj; solution. Then it is dried in an oven at 80 °C for
24 h and ground to powder. Finally, it is screened via a
200-mesh sieve and stored in brown glass bottle. Other sets
of organoclay were prepared in a similar way using SLS
and ADA as modifiers, respectively.

Characterization and thermal analyses

X-ray diffraction (XRD) analysis of the samples was
recorded on a diffractometer (D8 Advance, Bruker, Ger-
many) with Ni filter and Cu Ko radiation (4 = 0.154)
operated at a generator voltage of 40 kV and a generator
current of 30 mA. A diffraction angle of 20 ranging from
1° to 10° with a scanning rate of 2° min~' was used in this
study considering that the 260 of Na-MMT and OMMT
assigned to [001] reflection usually display within this
range. The dy,, data were then calculated by Bragg equa-
tion shown below:

2dsin 0 = nl (1)

where d corresponds to the spacing between the diffraction
lattice planes, 0 is the diffraction angle and A is the
wavelength of the X-ray (1 = 1.5405 A).

The FTIR spectroscopy was performed within the range
of 400-4000 cm™' on a Nicolet 6700 spectrometer
(Thermo Fisher Scientific, USA) using the attenuated total
reflection infrared (ATR). All the spectra were obtained by
averaging of 32 scans at a resolution of 4 cm™".

The TG-FTIR analysis was performed on a thermo-
gravimetric analyzer (Q5S000IR, TA instruments, USA)
coupled with a Fourier transform infrared spectroscopy
(VERTEX 70, Bruker, Germany). Approximately, 50 mg
of sample was heated from room temperature (25 °C) to
1000 °C under a steady nitrogen (N,) flow rate of
50 mL min~" at a temperature ramp rate of 10 °C min~".
The volatiles released from samples would be swept into
FTIR gas cell quickly by pure N,. And then absorbance
information was obtained at different wavenumber as a
function of temperature. The FTIR spectrometer recorded

spectra in the range of 400-4000 cm ™' and the resolution

factor was collected at 1 cm™".
TGA/DTG curves of samples were obtained on a STA
449 F3 themoanalyzer (Netzsch, Germany) under dynamic

nitrogen atmosphere (50 mL min~') using a platinum

crucible at a heating rate of 10 °C min~' from room
temperature (25 °C) to 900 °C.

Results and discussion

Interlayer spacing in OMMT with different
functional groups

The basal spacing between the clay platelets was revealed
by XRD analysis. The XRD diffraction patterns of Na-
MMT, CTAB-MMT, SLS-MMT and ADA-MMT are
illustrated in Fig. 1 and the interlayer spacing data are
listed in Table 2.

The XRD pattern of Na-MMT displays a peak around
20 = 6.8° which is assigned to [001] reflection and dyg; is
1.30 nm, suggesting that the platelets in Na-MMT are very
close to each other and difficult to be separated. After
modification with ADA, CTAB and SLS, the interlayer
spacing increased to different extents by the intercalation
of these modifier molecules.

This reflection shifted to 26 = 5.08° in the spectrum of
ADA-MMT, and the corresponding basal plane spacing
was calculated as dyp; = 1.74 nm, suggesting that the long
alkyl groups intercalated into the silicate galleries (Fig. 1d
and Table 2).

The [001] reflection was observed at 20 = 4.00°
(doo; = 2.21 nm) in the spectrum of CTAB-MMT, result-
ing in a 0.91 nm expansion of the basal spacing (Fig. 1b
and Table 2). The intercalated CTAB most probably
adopted a paraffin type in the interlayer of MMT [39]. In
this type of intercalation, the ammonium groups remain
attached to the silicate layer and the chains in all-trans
conformation point away from the surface [5].

60000
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Fig. 1 XRD diffraction patterns of a Na-MMT, b CTAB-MMT,
¢ SLS-MMT and d ADA-MMT
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Table 2 Interlayer spacing of
Na-MMT, SLS-MMT, ADA-
MMT and CTAB-MMT

20/° d()()l/l'lm

Na-MMT 6.78 1.30
CTAB-MMT 4.00 221
SLS-MMT 286 3.08
565 1.56
8.46 1.05
ADA-MMT 508 1.74

The distribution of interlayer spacing of platelets in
SLS-MMT was characterized by three prominent reflec-
tions appeared at 26 =2.86°, 5.65° and 8.46°, corre-
sponding to dgg; of 3.08 nm, 1.56 nm and 1.05 nm,
respectively (Fig. 1c and Table 2). In neutral solution, it is
difficult for anion C,H,5SO3;~ with negative charge to
intercalate into the silicate galleries [40]. However, at
relatively low pH values, parts of the SLS anions would be
protonated and may enter the interlayer space until Cj,.
H,5SO3H reaches balance between the dispersion and
interlayer space, thus increasing the spacing of MMT to
varying degrees. Moreover, the anionic surfactant could
enter the interlayer space as ion pairs with H;0" or Na™
and Ca*" as counter ions [13, 31]. While, cationic sur-
factant, such as CTAB, could intercalate into MMT more
easily by van der Waals force between hydrocarbon chains
and electrostatic repulsion between the hydrophilic heads
of the surfactant [11, 26]. The different modification
mechanisms between cationic and anionic surfactants
cause uneven distribution of the anionic surfactant in the
silicate galleries. Therefore, the XRD pattern of SLS-MMT
displays two peaks at 2.86° and 5.65° even a shoulder
between 5.6° and 6.0°, which is consistent with the pre-
vious studies [12, 40, 43]. Furthermore, when excess acid is
used, the Na™ ions could be exchanged by H" ions instead
of the SLS anions and thus decrease the spacing of MMT
[14].

Characterization by FTIR analyses

The FTIR spectra of Na-MMT, ADA-MMT, CTAB-MMT
and SLS-MMT are illustrated in Fig. 2. The bands
appeared at 3611 cm™" and 1634 cm ™" are assigned to the
asymmetric stretching vibration of the structural —OH
groups and the bending-in-plan vibration of H-O-H,
respectively [3]. The characteristic bands of Na-MMT are
detected at 1108 cm ™' due to out-of-plane Si—O stretching
vibrations, 976 cm ™' related to in-plane Si-O stretching
vibration, and bands at 914 cm_l, 845 cm™! associated
with Al-Al-OH and Al-Mg-OH bending vibration,
respectively [2]. Upon modification, their relative positions
remain nearly invariable, indicating that the main bones of
MMT did not change with the modification [8]. The FTIR

@ Springer

Na-MMT

3815 2059\ Jy s S-S-MMT

2917

-—
170615311467

49 CTAB-MMT

Transmitance/%

T T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

Fig. 2 FTIR spectra of Na-MMT and OMMT modified by different
modifiers

spectra of OMMT exhibit two additional peaks within the
range of 2800-3000 cmfl, which can be attributed to the
CH, asymmetric stretching and the symmetric stretching of
intercalated modifiers with the silicate layer [32].

For pure ADA, two intense bands near 1514 cm™ and
1396 cm ™" correspond to the symmetric and asymmetric
R-COO™ stretching, respectively [24]. However, in the
spectra of ADA-MMT, two bands of R-COO™ at
1501 cm ™" and 1467 cm™" are much weaker than those of
ADA, and a new band at 1706 cm™" appears responding to
the C=0 stretching vibration in non-ionized carboxyl
groups. During the synthesis of ADA-MMT, when HCI
was added to the aqueous solution of ADA, distilled water
and Na-MMT, parts of the COO™ anions are protonated
into COOH by H" and form C=0O band in ADA-MMT
[19]. Besides, the ionic bonded N-H stretching band of
—NH, at 3181 cm ™! appears in the spectrum as well.

The absorption peaks from CTAB for CTAB-MMT can
be found at 2923 and 2849 cm™' arising from the
stretching of CH,— and 1470 cm™' arising from N-—H
bending vibrations [22], confirming the alkyl ammonium in
the interlayer galleries of the clay.

The spectra of SLS-MT show the -characteristic
absorption bands of CH3— and CH,— groups at 2959, 2917,
2848 and 1464 cm™' and the sulfonic acid group at
1181 cm™' [40]. In particular, the characteristic absorption
peak of SLS-MMT at 1250 cm™' and 1197 cm™' are
corresponding to symmetric stretch of S=0, indicating that
interactions between the SLS and the mineral interlayer
[42].
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TG-FTIR characterization of the pyrolysis
of OMMT

Thermogravimetric analysis of Na-MMT and OMMT
modified by different modifiers

Figure 3 displays the TG curves and the corresponding
derivative curves (DTG) for Na-MMT, ADA, ADA-MMT,
CTAB, CTAB-MMT, SLS and SLS-MMT, respectively.
Two decomposition steps can be observed in the TG-DTG
curve of Na-MMT (Fig. 3a). The first step occurs below
200 °C with a sharp peak DTG at 114 °C and shows a mass
loss of 4.35%, which corresponds to the elimination of
adsorbed water on surface or interlayer water. The second
step in the range 500-700 °C with a mass loss of approx-
imately 3.81% corresponds to the dehydroxylation of the
silicate lattice, in which a broad DTG peak occurs at
626 °C [18, 23, 24, 37].

Pure ADA begins to decompose after 200 °C with a
weak DTG peak at 211 °C mainly responding to the loss of
water (Fig. 3b). The major thermal events of pure ADA
occur in the range of 400-500 °C and result in a sharp
DTG peak at 465 °C, which is attributed to the loss of
minor products, such as CO,, N-containing compounds and
carboxylic acid. Values of these peaks associated with the
pyrolysis of ADA have been well studied by several
research groups [21, 23]. As shown in Fig. 3c, the thermal
events of ADA-MMT that occurring below 200 °C are
attributed to the dehydration of the free water and residual
interlayer water. Compared with the free water mass loss of
4.35% for Na-MMT, the water content is only 1.88% for
ADA-MMT, implying the hydrated sodium cations have
been replaced by ADA. The mass loss of ADA-MMT in
the range of 200-500 °C is 20.02%, which indicated the
initial content of ADA in ADA-MMT. Two overlapping
peaks sourced from the degradation of organic matter could
be observed at 328 °C and 362 °C, which are obviously
lower than the corresponding temperatures of ALA (at
about 130 °C).

Compared with Na-MMT, the TG curve of CTAB-
MMT in the stage of dehydration (50-200 °C) is much
milder (Fig. 3e). And the mass loss associated with free
water for CTAB-MMT below 200 °C is only 1.6%,
implying that the hydrated sodium cations have been
replaced by CTAB. In Fig. 3d, e, the main DTG peaks of
organics in CTAB and CTAB-MMT appear at 271 and
297 °C, respectively. The weak DTG peak of CTAB-MMT
at 422 °C indicated that a little CTAB had entered into the
silicate lattice. These shoulder peaks of CTAB-MMT in
Fig. 3e were both remarkably higher than that of CTAB
(271 °C), indicating that the lamellar structure of MMT
delayed the pyrolysis of CTAB. In addition, the pyrolysis

products of CTAB were mainly the generation of aliphatic
hydrocarbons and trimethylamine ((CHj3);N).

In Fig. 3f, SLS compound exhibits a main DTG peak at
430 °C and a residual rate about 19.56% after 700 °C,
indicating the sodium and sulfur contents in SLS has not
decomposed under N, atmosphere. As shown in Fig. 3g,
the DTG curve of SLS-MMT displays two peaks at 124 and
475 °C, corresponding to the release of physically absor-
bed water and the degradation of the intercalated SLS,
respectively. The main gaseous products released at 475 °C
were carbon dioxide (2359 and 2339 cmfl) and hydro-
carbons (2966, 2935 and 2879 cmfl), which were similar
to SLS and SLS-MMT (Figs. 4c, 5c). The maximum
degradation temperatures of pure SLS were slightly lower
than of SLS-MMT, which implied that intercalation
delayed the pyrolysis of SLS. This interesting phenomenon
indicated that the pyrolysis temperature of SLS within the
interlayer of MMT was mainly affected by the barrier
effect of MMT sheets in consideration of the weak asso-
ciation between SLS and MMT. The initial pyrolysis
products of SLS were trapped within the confined inter-
layer spaces, and thus the maximum rate temperature
occurred at a higher temperature than pure SLS [4, 37].

Pyrolytic behavior of OMMT modified by different modifiers

The 3D-FTIR spectra of the evolved gases of OMMT
modified by different modifiers are shown in Fig. 4, and the
corresponding FTIR spectra at different temperatures are
presented in Fig. 5. For ADA-MMT, the free water and
interlayer water were detected below 200 °C, which were
strongly confirmed by the signal associated with gaseous
water (1300-2000 cm™" and 35004000 cm™") (Fig. 5a).
Two new bands were detected, indicating that ADA
underwent decarboxylation processes at elevated tempera-
tures. Within the range of 200-500 °C, the emerged bands
of aliphatic hydrocarbons (2965, 2935, 2877, 1465 and
1382 cm™ ") and NH; (966 and 931 cm™') were found
(Figs. 4a, 5a) [35]. The phenomenon that the characteristic
bands of CO, (2366 and 2331 cm™ ") always existed with
the temperature increasing attracted our attention. Below
200 °C, the signals of CO, and water were detected
(Figs. 4a, 5a), indicating that ADA began to dehydrate and
decarboxylate. Within the range of 200-500 °C, the
decarboxylation reaction continued (Figs. 4a, 5a), which is
different from previous literature [24]. At higher temper-
atures, the production of CO, may be due to the reaction
between the residue and the oxygen in the crystal structure
of MMT.

For CTAB-MMT, the main gaseous products that
evolved from CTAB released at 422 °C were mainly ali-
phatic hydrocarbons (2968, 2933 and 2866 cm_l), CO,
(2358 and 2332 cm™ "), NH; (966 and 930 cm™") and HCN
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Fig. 4 3D-FTIR spectrum of ADA-MMT (a), CTAB-MMT (b) and SLS-MMT (c)

(719 cm_l) (Figs. 4b, 5b). The spectrum obtained at
500 °C showed the bands corresponding to aliphatic
hydrocarbons practically disappeared, which confirmed the
TG result that there is no pyrolysate after 500 °C. In
addition, the bands of CH-stretching (2823 and
2775 cm™ ') and CN-stretching (1034 cm ™) proved the
generation of trimethylamine ((CHj3);N).

For SLS-MMT, a weak peak at 3000-2800 cm™! can be
observed at early degradation. Then, the peak disappeared
quickly. After that, FTIR spectra of evolved gases at
475 °C indicate that the production of carbon dioxide
(2359 and 2339 cm_l) and hydrocarbons (2966, 2935 and
2879 cm™') reached the maximum degradation rate
(Figs. 4c, 5c).

Pyrolysis mechanism of OMMT modified
by different modifiers

For ADA-MMT (Figs. 4a, 5a), it was obvious that the
thermal decomposition products occurred in the following
order: CO,, hydrocarbons and NH3, which corresponded to
the pyrolysis of —-COOH, carbon chain and —-NH,, respec-
tively. Therefore, the first pyrolytic reaction step was
decarboxylation, then followed by carbon chain cleavage
and deamination [23].

Consequently, decarboxylation and deamination were
two main important reactions of ADA with carboxyl
groups and amine that occurred in the presence of OMMT.
The Lewis acid sites of MMT (the acceptor of electrons
pair) catalyzed the decarboxylation and promoted the
generation of CO,, which resulted from AI’", Fe’"
exposed at the edges of the clay minerals and the hydrated
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Fig. 5 FTIR spectra of ADA-MMT (a), CTAB-MMT (b) and SLS-MMT (c) at different degradation temperatures

cations after dehydrating [33]. The Brgnsted acid sites of
MMT strongly promoted the deamination reaction via
Hofmann elimination pathway [20]. The aliphatic hydro-
carbons and NHj released suggested Hofmann elimination
occurred. However, in this study, there is no evidence that
unsaturated alkyl products have been detected in the case
of ADA-MMT. Compared with the ADA on the external
surface of MMT, the organic modifier pyrolysis among the
layers was confined by the clay sheets and was catalyzed
from alkene to alkane.

For CTAB-MMT, it has been reported that nucleophilic
substitution reaction and Hoffmann elimination was the
main reactions of CTAB in the presence of OMMT [37]. In
previous studies [15], during the pyrolysis of pure CTAB, it
was detected that the yield of bromomethane (CH3Br) and
alkane was higher than that of hydrogen bromide (HBr)
and alkene, indicating the nucleophilic substitution was the

@ Springer

main reaction. After mixing with MMT, the signal of
trimethylamine was observed with the bromomethane and
hydrogen bromide [37]. It is probable that the Brgnsted
acid sites sourced from interlayer space promoted the
pyrolysis of CTAB cations and produced trimethylamine
through Hoffmann elimination.

Elimination reaction seems to predominate at elevated
temperatures in the degradation of SLS-MMT. However,
alkene was not found during the pyrolysis of SLS-MMT,
which can be explained similar to that of ADA-MMT.

Conclusions
In this study, OMMT were synthesized by using three types

of organic modifiers with different functional groups. The
functionalization was confirmed by XRD and FTIR results.
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It was concluded that these organic modifiers were all
intercalated into the interlayers of MMT to different
extents and transformed clay surface from hydrophilicity to
hydrophobicity. Both cationic surfactant and organic acid
showed single basal d-spacing, and therefore are more
homogeneous than anionic surfactant in clay sheet distri-
bution. The interlayer structure of MMT had significant
effects on the pyrolysis of OMMT. The pyrolytic behavior
of organic modifiers was related to the functional group
and the structures of MMT. As illustrated in TGA-DTG
and TG-FTIR, MMT accelerated the pyrolysis of ADA
with carboxyl and amino groups but delayed the pyrolysis
of CTAB with quaternary ammonium cation and SLS with
sulfo anion. Due to the steric hindrance and abundance in
solid acid sites, interlayer space might play a more sig-
nificant role than the external surface of MMT in influ-
encing the pyrolysis of OMMT. The solid acid sites not
only catalyzed the decarboxylation and promoted the
generation of CO, but also promoted the Hoffmann elim-
ination reaction. This study indicates that when adding
OMMT to heat-resistant composites, it is necessary to
consider the influence of organic modifiers with different
functional groups.
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