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Abstract In sedimentary environments or clay-rich rocks,

clay minerals are usually combined with organic matter;

however, little research has focused on the effects of

combinations of organic matter and clay minerals on the

thermal degradation of organics and on subsequent

hydrocarbon generation. In this study, the long-chain fatty

acid octadecanoic acid (OA) and its derivative octadecy

trimethyl ammonium bromide (OTAB) were selected as

model organics. The organics were prepared for clay–or-

ganic associations with Na-based montmorillonite

(Mt(Na)). The thermal decomposition behaviors of these

associations were studied via thermogravimetric (TG/

DTG) analysis. In the presence of Mt(Na), OA decomposed

at 275.2 �C, decomposing sooner than pure OA. The

thermal decomposition behavior of OTAB is nearly con-

sistent with that of pure OTAB, but for interlayer OTAB,

the decomposition temperature increased to higher than

300 �C. The results indicate that Mt(Na) plays a dual role

in the thermal decomposition of fatty acid. Mt(Na) may

accelerate the thermal decomposition of OA, and inherent

solid acidity levels may be the key factor. In addition, the

interlayer structure of Mt(Na) can increase the thermal

stability of OA and OTAB. The above results further

demonstrate that the thermal decomposition behavior of a

given organic material may also depend on its structure and

composition. In the presence of Mt(Na), organics with

amino and amine structures are more stable than those with

carboxyl groups.

Keywords Montmorillonite � OA � OTAB � TG � Thermal

decomposition � Clay–organic complex

Introduction

Clay minerals of the smectite group (e.g., montmorillonite

(Mt)) have received particular attention owing to their

known catalytic activities and to their ubiquity in low-

maturity source rocks. The influence of Mt on catalyzing

organic reactions has been studied by several researchers

[1–8], and the catalytic effects of smectite have been

confirmed. An important motivation behind these studies

lies in the fact that organic matter always combines with

clay minerals in source rocks, which are difficult to sepa-

rate using physical methods [9, 10]. For this reason, several

researchers have developed mixtures of clay minerals and

organics by simply grinding clays with organics to simulate

the natural combination of clay minerals and organic

matter and to examine hydrocarbon generation mecha-

nisms in the presence of clay minerals.

Organic matter in interlayer spaces of clay minerals

constitutes one of the most important forms of combination

between clay minerals and organic matter. Related evi-

dence has been previously reported. The intercalation of

organics into the interlayer space of Mt occurs through

cationic exchange reactions whereby organic guests

replace the original hydrated cations. This interlayer clay–

organic association has been studied in soils by numerous

researchers [11, 12]. From the results of these investiga-

tions, clay–organic compounds in sedimentary rocks have
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gradually been revealed [7, 13, 14]. Lu et al. [13] detected

approximately 25–50% of all interlayer organics via a

supercritical fluid extraction (SFE) method in reference to

swelling clay minerals of source rocks. In a recent study,

Yuan et al. [15] studied the role of the interlayer space of

Mt in hydrocarbon generation. An interlayer complex of

Mt and 12-aminolauric acid (ALA) was prepared and used

for high temperature and pressure pyrolysis experiments

conducted in a flexible gold capsule. The authors found

C1–5 hydrocarbons released from the interlayer complex

pyrolysis and from the mixed complex that were approxi-

mately 43 and 5 times greater than amounts released from

pure ALA, respectively. This finding implies that organics

found in the interlayer space of Mt may present quite dif-

ferent thermal degradation behaviors from organics mixed

with Mt. However, because the compositions of natural

organic matter are highly complex, more related studies are

needed to achieve a more comprehensive understanding of

the role that clay minerals play in the thermal degradation

of organics and in hydrocarbon generation. Unfortunately,

studies focused on this topic have been rarely conducted

until recently.

In particular, as an important form of clay–organic

association, organic matter in the interlayer space of

swelling clays has been proposed and confirmed by pre-

vious studies [16–18], and interlayer organics in source

rocks have also been found [13, 14]. This suggests that the

effect of the interlayer space within clay minerals on the

evolution of natural organic matter is worthy of further

investigation. Consequently, to clearly investigate inter-

layer organic–inorganic reactions through pyrolysis

experiments, it is necessary to use high-purity and struc-

turally simple synthetic organics as a model component for

simulating clay–organic complexes [15, 19–21].

Long-chain fatty acid forms one of the main components

of soluble organics, which are typically found in less

mature oil source rocks. In this study, one type of long-

chain fatty acid, octadecanoic acid (CH3(CH2)16COOH

(abbreviated as OA), was used as a model organic material.

OA was chosen as it is likely the most abundant carboxylic

acid found in nature, and it contains carboxyl groups and

alkyl chains with eighteen carbon atoms. During petroleum

generation, fatty acid decarboxylation and subsequent

cracking are assumed to serve as key processes [1, 2].

Therefore, OA is suited for use as a model organic mate-

rial. Furthermore, a derivative of OA, octadecy trimethyl

ammonium bromide (CH3(CH2)17N (CH3)3Br (abbreviated

as OTAB), is also used for purposes of comparison, as OA

cannot be intercalated into the interlayer space of Mt under

the applied conditions. OTAB was selected and prepared in

an interlayer complex with Mt, and it has the same carbon

chain as OA. Most importantly, it is a type of quaternary

ammonium salt that can be intercalated into the interlayer

space of Mt via cation exchange. The effects of Mt on long

fatty acid thermal behavior were studied using the TG/

DTG technique together with X-ray diffraction (XRD) and

Fourier transform infrared (FTIR) analyses to further elu-

cidate the interlayer configuration of intercalated organics

in Mt. The comparative study results obtained from this

study help to better elucidate the thermal degradation of

this fatty acid.

Materials and methods

The Mt sample was obtained from an area in Inner Mon-

golia, China. A raw Ca-montmorillonite (Mt(Ca)) sample

was purified by repeated sedimentation to remove impuri-

ties, and a\2 lm fraction was collected and used for our

experiments. The purified samples were prepared by dis-

persing Mt in distilled water and were treated with 0.5 M

sodium chloride solution under vigorous stirring at 80 �C
for 24 h. The resultant solid was separated by centrifuga-

tion, and the product was again treated with sodium chlo-

ride solution; this process was repeated three times. The

product was repeatedly rinsed with distilled water (until no

chloridion ion was detected) and, then, freeze-dried for

48 h before being ground to a powder. The final sample

was denoted as Mt(Na). OA and OTAB were purchased

from Sigma–Aldrich (95%) and were used without further

purification.

The simply mixed Mt(Na)-OA and Mt(Na)-OTAB

complexes were prepared via the following method: 5 g of

Mt(Na) sample and 1.25 g (20.0 mass%) of OA or OTAB

were mixed and ground via ball milling for 20 min using a

Pulverisette-6 Planetary Mill. The products are denoted as

OA-Mt(Na) and OTAB-Mt(Na), respectively. The inter-

layer Mt(Na)-OTAB complex was prepared using the fol-

lowing procedure. 4.34 g of OTAB (equivalent to 1.0 times

the CEC of Mt(Na)) was added to distilled water and

stirred for 30 min at 60 �C. Then, Mt(Na) was added, and

the mass ratio of water/clay reached 20:1. The solution was

stored at 60 �C with water bath stirring for 12 h. Solids in

the mixture were filtered and repeatedly washed with dis-

tilled water to remove excess OTAB ions and were then

dried and ground to a powder. The product was labeled as

OTABinter-Mt(Na), i.e., the clay–organic interlayer com-

plex with Mt(Na) and OTAB.

X-ray diffraction (XRD) and Fourier transform infrared

(FTIR) spectra were used in the study. A powdered XRD

analysis was performed using a Bruker D8 Advance

diffractometer with a Ni filter and Cu Ka radiation features

(40 kV and 40 mA). The samples were collected from 1� to

30� at a scanning rate of 1�(2h) min-1. The FTIR spectra of

the samples in the pressed KBr pellets were recorded using

a Bruker Vertex-70 FTIR spectrometer. The spectra were
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collected over a range of 400–4000 cm-1 with 64 scans at

a resolution of 4 cm-1.

A thermogravimetric (TG/DTG) analysis of the samples

was performed using a Netzsch 449 C instrument.

Approximately 5–10 mg of fine powder samples were

heated from 30 to 1000 �C at a heating rate of 10 �C min-1

under a high-purity N2 atmosphere (60 cm3 min-1).

A chemical element analysis of these interlayer com-

plexes was conducted using an Elementar Vario EL III

Universal CHNOS elemental analyzer. Slightly less than

10 mg of fine powder samples was prepared for this

measurement.

The determination of cation exchange capacity (CEC) of

clay was measured using cobalt hexamine chloride cation

([Co(NH3)6]3?) exchange method by spectrophotometry.

The cobalt hexamine chloride was purchased from Aldrich

(98%) and used without further purification. Three parallel

tests were conducted for the accuracy. 1-g dry weight

Mt(Na) was placed in 50-mL polypropylene tubes and

20 mL of 0.025 mol/L cobalt hexamine chloride solution

were added. After continuous shaking for 24 h on a rotat-

ing device, tubes were centrifuged at 7000 rpm for 10 min.

The CEC value was evaluated by comparing the content of

the cobalt cations (Co3?) in the solution before and after

the exchange of Mt(Na) with [Co(NH3)6]3?, using the

following equation.

CEC value mmol=100 gð Þ ¼ 3 � C � V=M � 100

where C (mmol L-1) is the Co3? concentration obtained by

using a UV–Vis spectroscopy at wavelength of 472 nm;

V (L) is the solution volume; and M (g) is the mass of

Mt(Na). According to the results, the CEC of Mt(Na) is

110.5 mmol/100 g.

Results and discussion

Characterization of Mt(Na), the Mt(Na)-OA

complex and the Mt(Na)-OTAB complex

The XRD patterns of Mt(Na), OA-Mt(Na), OTAB, OTAB-

Mt(Na) and OTABinter-Mt(Na) are shown in Fig. 1. The

basal spacing of Mt(Na) is 1.26 nm (Fig. 1a). For the

Mt(Na)-OA complex, no change was observed in the (001)

reflection relative to Mt(Na) (Fig. 1b), denoting that

intercalation did not occur during the sample preparation

phase. The same result is also observed for the OTAB-

Mt(Na) sample (Fig. 1c). However, the basal spacing of

OTABinter-Mt(Na) is 2.36 nm (Fig. 1d), denoting a suc-

cessful intercalation of OTAB into the interlayer space of

the Mt(Na). These results are consistent with previous

work on alkylammonium intercalation [22–24]. The (002)

diffractions with d-spacing are approximately 1.15 nm.

This suggests that the intercalation of OTAB occurs

without destroying the layered structure of Mt(Na). The

content of intercalated OTAB in OTABinter-Mt(Na) is 30.3

wt% as determined based on percentages of N (mass%)

derived from the elemental analysis. The intercalated

amount of OTAB in OTABinter-Mt(Na) is 77.0 mmol/

100 g, which is lower than the CEC value (110.5 mmol/

100 g) of Mt(Na). This result indicates that a small quantity

of Na? may remain in the interlayer space of OTABinter-

Mt(Na).

The FTIR spectra of the Mt(Na), OA, OTAB, Mt(Na)-

OA and Mt(Na)-OTAB complexes are shown in Fig. 2.

Main vibrations were assigned (Table 1) based on previous

reports [23, 25, 26]. The FTIR spectrum of OA-Mt(Na) is a

combination of characteristic bands of Mt(Na) and pure

OA (Fig. 2a, b). The same phenomenon is found in OTAB-

Mt(Na) (Fig. 2c). The results indicate that the raw mate-

rials are not changed by simple mechanical grinding, which

is consistent with the XRD data.

However, several differences can be observed between

the Mt(Na) and OTABinter-Mt(Na) spectra (Fig. 2d, e). As

demonstrated by the FTIR spectra of OTABinter-Mt(Na),

vibrations of the sorbed water of Mt(Na) at 1642 cm-1 are

less intense than those of OTABinter-Mt(Na), implying that

H2O content levels are reduced with the replacement of

hydrated sodium cations by OTAB [27]. Additionally, the
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Fig. 1 XRD patterns of Mt(Na), OA, OTAB, Mt(Na)-OA and

Mt(Na)-OTAB complexes
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broad band at approximately 3441 (for Mt(Na)) cm-1 shifts

to 3423 cm-1 through the O–H stretching of adsorbed

water in Mt(Na). In addition, as shown in Fig. 2, the band

at 1484 cm-1 and 1471 cm-1 is occurred in the spectrum of

OTABinter-Mt(Na). The former is attributed to the anti-

symmetric bending mode of the head [(CH3)3N?] methyl

group, the latter is due to the CH2 deformation mode. It

means the OTAB has intercalated into the Mt(Na). The

above phenomena indicate that hydrated sodium cations

were replaced by the OTAB. However, a small quantity of

Na? may remain in the interlayer space. This is also

demonstrated by the element analysis results.

Thermal decomposition behaviors of pure organic

matter and complexes

The TG and DTG curves of pure OA and OTAB are plotted

in Fig. 3a, b. There is one peak on the DTG curve of OA,

with a main thermal decomposition temperature of

323.7 �C and a mass loss of more than 90% (Table 2).

During the thermal decomposition of OA, decarboxylation

was likely the main reaction [28]. Unlike the pattern of OA,

there are two peaks on the DTG curves of OTAB with an

onset temperature of 266.2 �C and a small peak at

367.9 �C. This indicates that the thermal decomposition of

OTAB mainly occurred at temperatures of 200–400 �C and

that the greatest mass loss was approximately 90%. The

first peak is attributed to the decomposition of OTAB,

which represents the main thermal decomposition occur-

ring at 266.2 �C. The small peak at 367.9 �C should be

attributed to the thermal degradation of the carbonaceous

residual organics.

For Mt(Na), no substantial differences from the results

of other researchers were found. The thermal decomposi-

tion of Mt(Na) can be divided into two phases: (1)

adjustment from room temperature to 200 �C due to

dehydration (adsorption water and interlayer water) with a

DTG peak at 104.8 �C; (2) followed by structural water

(bonded hydroxyl that undergoes dehydroxylation) region

development at 640.3 �C [29–31] (Fig. 3c; Table 2).

Figure 4 shows the TG and DTG curves of the Mt(Na)-

OA complex. In the presence of Mt(Na), it is of interest to

determine the thermal decomposition characteristics of

OA, which differ from those of unaltered OA and

which are nearly a combination of pure OA and Mt(Na)

(Figs. 3, 4). The change in mass occurs over three stages:

less than 200 �C, 200–500 �C, and higher than 500 �C. In

the first stage, a thermal decomposition peak occurs at

99.7 �C in the DTG curve and a mass loss of up to 6.9%

occurs (Table 2). This amount of mass loss is attributed to

dehydration (adsorption water and interlayer water) in

Mt(Na) as determined through a gas chromatograph (GC)

analysis with TG instrumentation [23, 31]. In the second

phase, the thermal decomposition peak occurs at a tem-

perature of 275.2 �C with a percentage of mass loss cor-

responding to 19.9% (Table 2; Fig. 4). This mass loss is

attributed to the thermal degradation of OA. A few small

DTG peaks may be attributed to a small amount of OA that

spontaneously decomposed and that remained unaffected

by Mt(Na). Of course, the thermal decomposition temper-

ature of most OA was lower than that of pure OA
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Fig. 2 FTIR spectra of Mt(Na), Mt(Na)-OA and Mt(Na)-OTAB

complexes

Table 1 Band assignments of the FTIR spectra of samples

Wave number/

cm-1
Bands

3625 O–H stretching of the structural hydroxyl group

of Mt

3441/3423 O–H stretching of adsorbed water of Mt

2921 CH2 antisymmetric stretching

2851 CH2 symmetric stretching

1703 C=O stretching of OA

1642 O–H deformation of the water of Mt

*1484 CH3 C–H antisymmetric bending in N?-CH3

1471 CH2 deformation

1033 Si–O–Si stretching of Mt

519 Si–O–Al deformation of Mt

464 Si–O–Si bending of Mt
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(323.7 �C). This result may indicate that Mt(Na) has a

catalytic effect on the thermal decomposition of OA. The

inherent solid acidity of clay minerals may enable Mt(Na)

to act as an efficient solid acid catalyst in organic reactions

[32–36]. The third phase of mass loss occurred at a tem-

perature of higher than 500 �C, primarily due to a decrease

in structural water levels. Hydroxyl disappearance only

contributed slightly to the thermal behavior of both OTAB

and OA. Thus, no further discussion on this topic is

included in this manuscript.

A comparative study on OTAB and Mt(Na) was per-

formed to examine the role of the interlayer space. As

shown in Fig. 5a, OTAB-Mt(Na), the simply mixed

sample, shows thermal degradation characteristics that are

a combination of those of pure OTAB and Mt(Na). A

release of adsorbed and interlayer water in Mt(Na) occur-

red at temperatures of below 200 �C. The mass loss level

reached approximately 6.0% at this stage, with a DTG peak

at 97.9 �C (Table 2). The majority of the OTAB in OTAB-

Mt(Na) evolved rapidly within a temperature range of

300–450 �C, within which a sharp DTG peak resolved at

262.1 �C. The small DTG peaks may be attributed to a

small amount of OTAB that was unaffected by Mt(Na) and

that decomposed spontaneously. The dehydroxylation of

Mt(Na) at a temperature of more than 500 �C is negligible

relative to the significant mass loss that occurred as a result
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Fig. 3 TG and DTG curves for OA (a), OTAB (b) and Mt(Na) (c)

Table 2 Percentage of mass loss for OA, OTAB, Mt-OA complex and Mt-OTAB complexes at different temperature levels

Sample Stage 1 mass loss/\200 �C Stage 2 mass loss/200–500 �C Stage 3 mass loss/[500 �C

�C % �C % �C %

Mt(Na) 104.8 7.6 / 0.0 640.3 3.6

Pure OA / 0.0 323.7 98.1 / 0.0

OA-Mt(Na) 99.7 6.9 275.2 19.9 / /

Pure OTAB / 0.0 266.2/367.9 100.0 / 0.0

OTAB-Mt(Na) 97.9 6.0 262.1 20.3 / /

OTABinter-Mt(Na) 93.9 2.9 321.1/424.4 28.2 / /
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of OTAB decomposition. The results show that the main

decomposition temperature of OTAB-Mt(Na) (262.1 �C) is

slightly lower than that of pure OTAB (266.2 �C), though

this difference is minor, potentially indicating that no

substantial change in the thermal decomposition behaviors

of the simply mixed Mt(Na)-OTAB sample occurred.

Compared to the OA-Mt(Na), the catalytic effect of Mt(Na)

is not as great as that of OA in OA-Mt(Na). This result is

due to the nature of OTAB, because the solid acid sites of

Mt(Na) might induce different organic reactions, highly

depending on the character of the functional group of

organics. The carboxyl group is likely more sensitive to the

acidic effect of Mt(Na) than that of amine group.

For the interlayer Mt(Na)–OTAB complex, the TG curve

in the dehydration stage (below 200 �C) is much milder than

that of Mt(Na) (Fig. 3c). The mass loss associated with the

water content is only 2.9% for OTABinter-Mt(Na) compared

to 7.6% for Mt(Na), denoting the replacement of hydrated

sodium cations by OTAB. Thus, the DTG in this range of

OTABinter-Mt(Na) decreases from 104.8 �C (for Mt(Na)) to

93.9 �C, as residual free water is easily removed at lower

temperatures. The mass loss of the interlayer OTAB-Mt(Na)

complex is approximately 28.2% within a temperature range

of 200–500 �C. As described above, the initial content of

OTAB in OTABinter-Mt(Na) is 30.3%. These data show that

most organic matter is decomposed within the interlayer

space. However, two peaks of organic matter degradation

can be observed at 321.1 and 424.4 �C for the interlayer

Mt(Na)-OTAB complex of the DTG curves shown in

Fig. 5b. Similar results have been reported in previous

reports [30, 37, 38]. For the DTG curves of organoclays, the

first peak occurring at a low temperature is mainly attributed

to the decomposition of organic molecules adsorbed on the

inter-surface of clay minerals with Van der Waal force.

Consequently, lower energy and temperature levels are

needed for decomposition purposes, as these parts of

organics are unstable. However, the second peak at a high

temperature likely occurred as a result of the thermal

cracking of ionic organics. This occurred because higher

levels of energy are needed for these parts of organic ions to

break down when positive amino groups combine with

layers of montmorillonite via electrostatic forces

[30, 37, 39, 40]. Therefore, the low-temperature peak in the

DTG curve (the temperature of OTABinter-Mt(Na) is

321.1 �C) is attributable to molecular OTAB, and the second

peak (the temperature of OTABinter-Mt(Na) is 424.4 �C) is

attributable to ionic OTAB. Clearly, the thermal decompo-

sition temperature of both the interlayer and OTAB is sig-

nificantly higher than the corresponding temperature of pure

OTAB (266.2 �C) and its simply mixed complex (262.1 �C).

The results demonstrate that the interlayer structure of

Mt(Na) can improve the thermal stability of intercalated

OTAB, resulting in an increase in degradation temperatures.

The above analysis further implies that interacted OTAB

can be preserved from the interlayer space structure of Mt(Na),

and thermal behaviors are affected by combination features, as

different decomposition temperatures were observed.

Possible effects of Mt(Na) on the thermal behavior

of OA and OTAB

The above analysis shows that Mt(Na) leads to a lower

decomposition temperature of OA but produces no
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substantial change for the simply mixed complex of

OTAB. The decomposition temperature of OTAB-Mt(Na)

is almost the same as that of pure OTAB. However, for the

interlayer Mt(Na)-OTAB complex, the thermal decompo-

sition temperature is significantly higher than the corre-

sponding temperature of pure OTAB and its simply mixed

complex. These results may indicate that Mt(Na) plays a

dual role in the decomposition of OA. First, Mt(Na) may

accelerate the thermal decomposition of OA, and the

inherent solid acidity may be a key factor. As shown

through previous studies, the Brønsted and Lewis acid sites

coexist within the structure of Mt(Na) and offer a wide

range of applications in organic reactions [33–35]. For

instance, Brønsted acid sites can catalyze hydrogenation

reactions, and Lewis acid sites can promote decarboxyla-

tion [1, 41, 42]. For simply mixed complexes, these

Brønsted acid sites mainly derive from the external surface

of Mt(Na), i.e., some surface-adsorbed H3O?. Although

some Brønsted acid sites mainly arise from the inter-

layer space, these active sites may be limited in its capacity

to promote thermal reactions, for they are away from the

organic. Lewis acid sites arise from octahedral-coordinated

Al3? and/or Fe3?ions exposed along the edges of Mt(Na)

crystallites [36], which can capture an electron from OA in

forming a radical intermediate. Through rearrangement, the

radical intermediate then forms an alkyl radical and CO2,

as indicated by several studies [36, 41]. While Lewis acid

along the edges of Mt(Na) crystallites may play a role, it is

not the main mechanism that governs decarboxylation

reactions. Reactions may also be affected by interlayer

spaces and channels within clay minerals [5].

The interlayer structure of Mt(Na) may preserve OA and

OTAB while increasing thermal stability levels. For

instance, in the presence of Mt(Na), the decomposition

temperature of OTAB is almost the same as that of pure

OTAB. Instead, the thermal decomposition temperature of

OTAB is further promoted in the interlayer space. OTAB,

the special derivative of OA, is largely preserved. OA may

be one of the components intercalated into the interlayer

space of expanding clay minerals in sedimentary environ-

ments or clay-rich rocks. Thus, it can be inferred that the

stability of OA may also be enhanced by Mt(Na).

Furthermore, in the presence of Mt(Na), the thermal

decomposition behaviors of organic matter may also

depend on its structures and composition. To the best of our

knowledge, OA is a type of organic material that contains a

carboxyl group. OTAB, a nitrogen-containing organic

material, includes amino ions and is a derivative of OA.

According to the above results, in the presence of Mt(Na),

the thermal degradation temperature of OA was reduced.

However, the thermal decomposition temperature almost

remained the same for pure OTAB, whereas the thermal

decomposition temperature increased when OTAB was

located in the interlayer space of Mt(Na). This finding is

not consistent with the result of previous works

[36, 43, 44]. Recently, Liu et al. [36] studied the thermal

degradation of clay–organic complexes with 12-amino-

lauric acid (ALA) and Mt. It is widely recognized that the

decomposition temperature of ALA in mixed and interlayer

complexes decreases to 402 and 342 �C, respectively. Pure

ALA decomposed at 467 �C. This large difference may

indicate that the thermal degradation of organic matter was

closely related to the structure and composition of the

organic matter used. In the presence of Mt(Na), thermal

behaviors of fatty acid with a carboxyl group are easily

catalyzed by Mt(Na), thereby lowering the decomposition

temperature. By contrast, the thermal decomposition tem-

perature of its derivative with an amino or amine structure

in the presence of Mt(Na) is difficult to reduce, and thermal

stability levels within the interlayer structure can be

improved. It is universally acknowledged that in the pres-

ence of decarboxylase, amino acid may produce carbon

dioxide and the corresponding amine through a decar-

boxylic reaction. Therefore, it can be inferred that organics

with amino and amine structures are more stable than those

with carboxyl groups in the presence of Mt(Na).

Conclusions

The thermal decomposition behavior of OA and OTAB in

the presence of Mt(Na) was examined using TG/DTG

methods. In the presence of Mt(Na), OA decomposed at

275.2 �C, thus decomposing sooner than pure OA

(323.7 �C). However, the thermal decomposition behavior

of OTAB is almost consistent with that of pure OTAB

(266.2 �C), whereas for interlayer OTAB, the decomposi-

tion temperature increased to more than 300 �C. This

demonstrates that Mt(Na) plays a dual role in the thermal

degradation of OA. Mt(Na) accelerated the thermal

decomposition of OA, and inherent solid acidity may play

a major role. In addition, the interlayer structure of Mt(Na)

enhanced the thermal stability of OA and OTAB. However,

the thermal decomposition behaviors of organic matter

may also depend on its structure and composition. When

mixed with Mt(Na), OA and OTAB present very different

thermal degradation behaviors. In the presence of Mt(Na),

organics with amino and amine structures are more

stable than those with carboxyl groups.
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