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Abstract The thermal decomposition process of kaolinite-potassium acetate intercalation complex 

has been studied using simultaneous thermogravimetry coupled with Fourier-transform infrared 

spectroscopy and mass spectrometry (TG-FTIR-MS). The results showed that the thermal 

decomposition of the complex took place in four temperature ranges, namely 50-100, 260-320, 

320-550 and 650-780 °C. The maximal mass losses rate for the thermal decomposition of the 

kaolinite-potassium acetate intercalation complex were observed at 81, 296, 378, 411, 486 and 733 °C 

which were attributed to (a) loss of the adsorbed water (b) thermal decomposition of surface-adsorbed 

potassium acetate (KAc) (c) the loss of the water coordinated to potassium acetate in the intercalated 

kaolinite (d) the thermal decomposition of intercalated KAc in the interlayer of kaolinite and the 

removal of inner surface hydroxyls (e) the loss of the inner hydroxyls and (f) the thermal 

decomposition of carbonate derived from the decomposition of KAc. The thermal decomposition of 

intercalated potassium acetate started in the range 320-550 °C accompanied by the release of water, 

acetone, carbon dioxide and acetic acid. The identification of pyrolysis fragment ions provided insight 

into the thermal decomposition mechanism. The results showed that the main decomposition fragment 

ions of the kaolinite-KAc intercalation complex were water, acetone, carbon dioxide and acetic acid. 

TG-FTIR-MS was demonstrated to be a powerful tool for the investigation of kaolinite intercalation 

complexes. It delivers a detailed insight into the thermal decomposition processes of the kaolinite 

intercalation complexes characterized by mass loss and the evolved gases. 
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Introduction 1 

Intercalation reaction of inorganic layered materials has been well-known as a 2 

method for the preparation of inorganic-organic multilayer nanocomposites, which 3 

have drawn increasing attention in recent ten years [1-9]. The preparation and 4 

characterization of kaolinite intercalation composite nanoparticles were discussed in a 5 

great number of publications [10-13]. Kaolinite intercalation composites are widely 6 

used in the fabrication of paper, paints and inks, rubber and plastic, fiberglass, 7 

cracking catalysts, cosmetics, medicines, etc. [14-16]. It is useful because of their high 8 

specific surface area, chemical and physical stability, and surface structural properties. 9 

Many researchers have focused on the organic intercalation. They used organic 10 

molecular to intercalate the layer of kaolinite and improve its specific area and reduce 11 

the particle size. The intercalation can separate the particles of kaolinite into thin 12 

platelets, and the characteristics of the kaolinite are remarkably improved. Therefore, 13 

intercalation is an effective way to construct high performance inorganic-organic 14 

nanocomposite. 15 

Various inorganic and organic species can be used in the intercalation of kaolinite, 16 

such as formamide [17, 18], dimethylsulfoxide [19], urea [20], potassium acetate [21], 17 

aniline [22] and hydrazine [23]. Potassium acetate (KAc) has been shown to readily 18 

intercalate within the kaolinite structure [24, 25]. Also of significant interest regarding 19 

the kaolinite-KAc complex is its thermal behavior and decomposition [24, 26]. This is 20 

because heating treatment of intercalated kaolinite is necessary for its further 21 

application, especially in the field of plastic and rubber industry. In order to elucidate 22 
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the thermal decomposition processes of kaolinite-KAc intercalation complex, here we 23 

present our study on identification and tracking of evolving gaseous species from the 24 

intercalation complex pyrolysis using simultaneous thermogravimetry coupled with 25 

Fourier-transform infrared spectroscopy and mass spectrometry (TG-FTIR-MS). 26 

TG-FTIR-MS a powerful method has been used in previous studies to measure 27 

evolved gases during the thermal treatment of various substances [27-33]. The 28 

components of released gaseous mixtures have been monitored and identified mostly 29 

on the basis of their Fourier-transform infrared spectroscopy (FTIR) and mass 30 

spectrometry (MS). Evolution curves obtained in flowing air by TG-MS-FTIR 31 

methods are compared in details [34-36]. This method offers the potential for the 32 

non-destructive, simultaneous, real-time measurement of multiple gas phase 33 

compounds in complex mixture. 34 

This paper, based on authors’ previous work [6, 37], reports the thermal 35 

decomposition of kaolinite-KAc intercalation complex using TG-FTIR-MS. The 36 

purpose of the present study is to make clear the thermal decomposition processes of 37 

kaolinite-KAc intercalation complex and provide new insight regarding the thermal 38 

decomposition mechanism of the kaolinite intercalation complex. 39 

 40 

Experimental 41 

Materials 42 

The sample used in this study was the natural pure kaolinite from Hebei 43 

Zhangjiakou in China with an average grain size of 45 μm. The particle size of this 44 
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sample was measured with the Malvern Mastersizer 2000. Its chemical composition in 45 

mass% is SiO2 44.64, Al2O3 38.05, Fe2O3 0.22, MgO 0.06, CaO 0.12, Na2O 0.27, K2O 46 

0.08, TiO2 1.14, P2O5 0.13, MnO 0.002, loss on ignition 15.06. The major mineral 47 

constituent is well ordered kaolinite (95 mass %) with a Hinckley index of 1.31. The 48 

potassium acetate (A. R) was purchased from Beijing Chemical Reagents Company, 49 

China. 50 

Intercalation reaction 51 

The kaolinite-KAc intercalation complex was prepared by immersing 10 g of 52 

kaolinite in 20 mL of KAc solution at a mass percentage concentration of 30 %. The 53 

sample was stirred for 10 minutes at room temperature. The complex after aging for 54 

24 h was allowed to dry at room temperature before the X-ray diffraction (XRD) and 55 

TG-MS-FTIR analysis. 56 

Characterization 57 

X-ray diffraction (XRD) 58 

The XRD patterns of the prepared intercalation complex samples were 59 

performed using a Rigaku D/max 2500PC x-ray diffractometer with Cu (λ=1.54178 Å) 60 

irradiation at the scanning rate of 2 °/min in the 2θ range of 2.6-60 °, operating at 40 61 

kV and 150 mA. 62 

In situ TG-MS-FTIR 63 

The TG-FTIR-MS analysis was performed using simultaneous thermogravimetry 64 

(Netzsch Sta 449 C) coupled with FTIR (Bruker Tensor 27) and mass spectrometry 65 
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(ThermoStar, Pfeiffer Vacuum). About 10 mg of the sample was heated under 66 

nitrogen flow rate of 60 mL min-1 and a heating rate of 10 °C min-1 from 30 °C to 67 

1200 °C. The capillary connections for gas transportation between the apparatuses 68 

were set at 200 °C to allow the decomposition products in a gaseous state. The gas 69 

ionization was performed at 100 eV. The m/z was carried out from 1 to 100 amu to 70 

determine which m/Z has to be followed during the TG experiments. The ion curves 71 

close to the noise level were omitted. Finally, only the intensities of 10 selected ions 72 

(m/Z =15, 16, 17, 18, 32, 43, 44, 45, 58 and 60) were monitored with the 73 

thermogravimetric parameters. The bottom of the thermoanalyser was heated to about 74 

200 °C to eliminate cold points in the connecting line. The FTIR spectra were 75 

collected at a resolution of 4 cm-1, and 200 scans were co-added per spectrum. The 76 

literature on the thermal decomposition of kaolinite and its intercalation complexes 77 

shows that the most important gaseous products evolved during devolatilisation are 78 

CO2, H2O and hydrocarbons. Therefore, although some ionic species, in this study, 79 

were produced during pyrolysis, the following gaseous species were specially studied: 80 

CO2, H2O and CH3COOH. 81 

Results and discussion 82 

XRD results 83 

The XRD patterns of original kaolinite and the kaolinite intercalated by KAc are 84 

shown in Fig.1. The d(001), d(020), , ,  and d(002) diffractions of the 85 

original kaolinite are shown at 12.32, 19.84, 20.32, 21.08, 21.44 and 24.84 (2θ) with 86 

the distances of 0.715, 0.447, 0.437, 0.421, 0.414 and 0.357 nm, respectively (Fig.1a). 87 
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The XRD pattern of the original kaolinite displays a typical and well-ordered layer 88 

structure with a basal spacing (d001) of 0.715 nm (Fig. 1a). These values match well 89 

with the standard ICDD reference pattern 14-0164 (kaolinite, Al2Si2O5(OH)4). When 90 

the kaolinite was intercalated with KAc, expansion occurred along the C-axis only 91 

[38]. The new peak appearing at a distance of 1.425 nm at 6.199 (2θ) (Fig.1b) 92 

signifies that the KAc molecules are directly intercalated into the kaolinite in 93 

agreement with the previous literature [39-41]. It is shown that the basal d (001) of 94 

kaolinite expands from 0.715 to 1.425 nm; the increment of 0.71 nm in d-value of 95 

kaolinite indicates the intercalation of KAc in the interlamellar space. The effect of 96 

KAc intercalation causes the intensity decrease of the d (001) spacing for kaolinite, and 97 

the significance of the loss of intensity for the d (001) peak means the stacking between 98 

the kaolinite layers is disrupted and lost. It is reported that an increase of the structural 99 

disorder caused an obvious weakening of reflections 11l and 02l (2θ between 17 and 100 

27 °), which were replaced by a broad peak of scattering with weak modulations 101 

[42-44]. This is due to the KAc intercalation has broken the hydrogen bonding 102 

between adjacent kaolinite layers. The kaolinite intercalated with KAc causes the 103 

expansion of its layers in the c direction, and results in significant changes in the 104 

kaolinite surface properties. For example, intercalation can cause significant 105 

disordering of the kaolinite, increased surface areas and provide more surface 106 

hydroxyl, which are more readily available for chemical reactions. Moreover, the 107 

diffraction peaks belonging to the d (001) and d (002) planes of kaolinite are observed at 108 

12.53 and 25.03 (2θ) with the distances of 0.71 and 0.35 nm, respectively, indicating 109 



7 

that a certain portion of kaolinite remained after the intercalation process (Fig.1b). By 110 

using the ratio of the intensity of the (001) peak after and before intercalation, a 111 

measure of the degree of intercalation may be obtained [45]. For the kaolinite 112 

intercalated by KAc with the solution concentrations of 30%, the degree of 113 

intercalation is found to be 0.87 (87% intercalated).  114 

Thermal analysis 115 

The thermogravimetric and differential thermogravimetric (TG-DTG) 116 

measurement of original kaolinite and kaolinite-KAc intercalation complex are 117 

performed and the results are shown in Fig. 2. Only one of main features of the DTG 118 

curves of kaolinite is the mass loss between 400 and 600 °C with a maximum rate at 119 

520 °C that is attributed the loss of water because of the dehydroxylation of the 120 

crystal lattice, i.e. formation meta-kaolinite. This process roughly corresponds to 121 

13.32% mass loss in the TG curve. This value is close to the theoretical value 122 

(13.9 %). By comparison with the TG-DTG curves of the original kaolinite, four mass 123 

losses are observed in the TG curve of kaolinite-KAc intercalation complex in Fig. 2b. 124 

The TG-DTG curve of the intercalation complex presented a peak at 81 °C associated 125 

with dehydration of the complex with a 1.48 % mass loss of adsorbed water. The 126 

second peak appeared at 296 °C, accompanied by a mass loss of 1.27 % caused by 127 

thermal decomposition of surface-adsorbed KAc. This will be further proved by the 128 

mass spectrometric analysis and infrared spectroscopic analysis of the evolved gases. 129 

It is well known that the kaolinite-KAc intercalation complex is formed from the 130 

expansion of kaolinite with both KAc and water molecule [46, 47]. Therefore, the 131 
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TG-DTG curves of the intercalation complex presented a mass loss of 22.88 % 132 

between 300 and 520 °C with a maximum rate at 378 °C is attributed to thermal 133 

decomposition of intercalated KAc and dehydroxylation of the intercalated kaolinite 134 

at the elevated temperature. TG-FTIR-MS studies showed that this process in the 135 

temperature between 300 and 520 °C is a complex process and that the thermal 136 

decomposition of the complex takes place in three overlapping stages. In this 137 

temperature steps, water, acetone, acetic acid, carbon dioxide are evolved which was 138 

confirmed by mass spectrometry. Further research showed that the mass loss at 139 

378 °C for the intercalation sample corresponded to the dehydration of the 140 

kaolinite-KAc intercalation complex. This step can be interpreted as being due to the 141 

loss of intercalated water which is coordinated to KAc in the interlayer of kaolinite. 142 

The mass loss is observed in the TG-DTG curves of kaolinite-KAc intercalation at 143 

411 °C with mass loss of 7.54 %, which is attributed to the dehydroxylation of 144 

kaolinite. It was also stated that early dehydroxylation is due to the removal of inner 145 

surface hydroxyls which are hydrogen bonded to the intercalating acetate ions, while 146 

the second step is due to the removal of hydroxyls which are not hydrogen-bonded to 147 

the acetate [48]. The mass loss of 3.02 % between 450 and 520 °C with a maximum 148 

rate at 486 °C is attributed to the loss of the inner hydroxyl. It was reported that the 149 

inner hydroxyl was not affected by intercalated KAc [49, 44]. This result is consistent 150 

with the inner hydroxyls are below the aluminum atoms and extend towards the 151 

intralayer cavity (vacant octahedral site) of the kaolinite. At higher temperatures, a 152 

broad mass loss effect (between 700 and 830 °C) in DTG curve are observed, which 153 
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correspond to the thermal decomposition of potassium carbonate. 154 

It is pointed out that KAc molecule possessing both proton-donor and 155 

proton-acceptor group is easily intercalated. The lone pair electros of the carbonyl 156 

oxygen in the acetate ion are more available for hydrogen bonding than those of the 157 

siloxane groups of kaolinite [50]. In KAc solution, the cation and anion begin to share 158 

water molecules and the conditions become favorable for intercalation, which 159 

apparently is initiated by the acetate ion. This ion is hydrogen bonded to water 160 

principally through the lone pair electrons of the carbonyl groups. Therefore, the 161 

intercalation reaction destroys the inherent hydrogen bond of kaolinite and presents 162 

some new bonds [51], and the kaolinite-KAc intercalation complex was formed from 163 

the expansion of kaolinite with both KAc and water molecule.  164 

 165 

Mass spectrometric analysis of the evolved gases 166 

In accordance with former findings several different steps of thermal 167 

decomposition process have occurred. In order to clarify the thermal decomposition 168 

mechanism of kaolinite-KAc intercalation complex and understand well the 169 

dehydration of interlayer and structural water for this complex, the mass loss during 170 

each decomposition process should be characterized by the identified evolution 171 

components. The mass spectrometric data also provide evidence on the thermal 172 

decomposition products. The evolved products during the thermal decomposition of 173 

kaolinite-KAc intercalation complex were determined by thermogravimetry coupled 174 

to a mass spectrometer and are shown in Fig.3. The interpretation of the mass spectra 175 
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occurs on the basis of degassing profiles from the molecule ions of water (H2O: 176 

m/Z=18), carbon dioxide (CO2: m/Z=44), acetone (C3H6O: m/Z=58),  acetic acid 177 

(CH3COOH: m/Z=60) as well as by fragment ions (CH3
+: m/Z=15, O+: m/Z=16, OH+: 178 

m/Z=17, C2H3O
+: m/Z=43 and COOH+: m/Z=45). 179 

The characterization of water release by means of mass spectra is possible with 180 

the molecule ion H2O
+ (m/Z=18) together with the fragment ion OH+ (m/Z=17) and 181 

O+ (m/Z=16). Peaks at 81, 378 and 486 °C for the intercalation complex are found in 182 

the ion current curve for H2O
+ (m/Z=18); corresponding peaks are also found in the 183 

ion current curves for OH+ (m/Z=17) and O+ (m/Z=16). It can be safely concluded 184 

that the water is given out at about 81 °C, 378 °C and 486 °C for the kaolinite-KAc 185 

intercalation complex. The evolution profiles of the ions at m/Z=60 (CH3COOH) and 186 

m/Z=45 (COOH+) the fragment ion are used to identify the presence of acetic acid. A 187 

small peak at 296 °C is observed in the fragment ion current curve for acetic acid 188 

(m/Z=60). This observation is due to the liberation of acetic acid after potassium 189 

acetate hydrolysis. The small peaks at 378 °C in the fragment ion current curves for 190 

acetic acid (m/Z=60) also are observed. This is assigned to the hydrolysis of 191 

intercalated KAc and water molecules. The MS data, using m/Z=58 and 43 curves, for 192 

the decomposition process indicated that acetone was produced. The broad peak 193 

between 350 and 600 °C with a maximum rate at 400 °C is found in the ion current 194 

curve for C3H6O (m/Z=58). This illustrate acetone is given out in this temperature 195 

range. Moreover, the peaks at 378 °C, 411 °C and 733 °C are found in the ion current 196 

curve for CO2
+ (m/Z=44). This illustrate carbon dioxide (CO2) is given out in this 197 
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temperature range, and which is also due to the pyrolysis of intercalated KAc. It is 198 

also observed that the relative intensity of CO2 decrease as temperature goes up. It 199 

was reported by Kristóf et al. [52] that the dehydroxylation of the kaolinite-KAc 200 

complex took place at 375 °C, as indicated by the response curve of the water detector. 201 

Concerning the decomposition pattern of this complex, it is interesting to note that 202 

decomposition takes place in three stages at 378, 411 and 486 °C as shown by the 203 

TG-DTG curves. In addition to the liberation of water, formation of carbon dioxide 204 

and acetic acid, from the decomposition of the interlayer potassium acetate, was also 205 

confirmed by the Infrared spectroscopy analysis of the evolved gases. It was reported 206 

that the alkali salts of acetic acid decompose to K2CO3 along with the liberation of 207 

acetone [53-55]. According to experimental results of the mass spectrometric analysis, 208 

the gaseous species produced by the thermal decomposition using the mass spectra 209 

made evident the following: 210 

a) The evolved products at 81 °C: water; 211 

b) The evolved products at 296 °C: water, acetic acid; 212 

c) The evolved products at 378 °C: water, acetone, acetic acid, carbon dioxide; 213 

d) The evolved products at 411, 486 °C: water, acetone, carbon dioxide; 214 

e) The evolved products at 733 °C: carbon dioxide; 215 

Based on these results, it is proposed that acetic acid can form in a small amount 216 

at the initial step of dehydroxylation through the reaction of the acetate ion and the 217 

connecting inner surface OH group (or with dehydroxylation water), and the acetate 218 

ligand is decomposed to form acetone between 300-520 °C. In this temperature range, 219 
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water, carbon dioxide, acetone and acetic acid are evolved which is confirmed by 220 

mass spectrometry. According to experimental results of thermal analysis and the 221 

mass spectrometric analysis, the mass losses at 81 and 378 °C for the complex is 222 

attributed to the loss of water, and the mass loss between 300 and 420 °C for the 223 

complex is assigned to the liberation of water and acetone, formation of carbon 224 

dioxide and acetic acid. In addition, according to the report by Makó et al., [56] the 225 

thermal decomposition of kaolinite-KAc complex is divided into two steps: the first 226 

step at 378 °C and, then, a slow process over a wide temperature range between 400 227 

and 550 °C. It was also stated that early dehydroxylation is due to the removal of 228 

inner surface hydroxyls which are hydrogen bonded to the intercalating acetate ions, 229 

while the second step is due to the removal of hydroxyls which are not 230 

hydrogen-bonded to the acetate. Therefore, it is concluded that the water associated 231 

with KAc and Al3+-OH was removed at 378 °C and then the KAc between the layers 232 

of kaolinite was decomposed. The mass loss close to 411 °C was interpreted from two 233 

steps: The first step is the thermal decomposition of intercalated KAc in the interlayer 234 

of kaolinite. The second step is attributed to loss of inner surface hydroxyls. The water 235 

released out at 486 °C is due to the loss of the inner hydroxyl. The carbon dioxide 236 

released from the complex is observed at 733 °C, which is due to the thermal 237 

decomposition of K2CO3. 238 

 239 

Infrared spectroscopy analysis of the evolved gases 240 

Fig.4 shows 3D FTIR spectra for the gases produced from the thermal 241 
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decomposition of the kaolinite-KAc intercalation complex. By comparing the spectra 242 

over the range 296-733 °C, it is important to note that the spectra not only provide the 243 

information about the species of the released gas, but also display the relative 244 

intensities of the evolved gas. Combined with the mass spectroscopic analysis, main 245 

products are identified as follows: water (H2O), acetone (C3H6O) and carbon dioxide 246 

(CO2). The emission of CO2 is confirmed by the appearance of absorption bands in 247 

the range 2217-2391 cm-1. The FTIR spectra of acetone and acetic acid are rather 248 

similar. The most intense bands of acetone are at 1710 cm-1 (C=O stretch), 1420 and 249 

1210 cm-1. However, in the IR spectrum of acetic acid the most intense bands are at 250 

1710, 1400 and 1290 cm-1. Thus, the gas phase spectra are not reliable to 251 

unequivocally distinguish between acetone and acetic acid. The emission of water 252 

follows four steps. At low temperature, the absorbed water is released out by 253 

evaporation. Furthermore, the water associated with KAc was removed at 378 °C. 254 

Moreover, when the temperature reaches 411 °C, water was generated by the loss of 255 

inner surface hydroxyls which are hydrogen bonded to the intercalating acetate ions. 256 

At 486 °C, an amount of water released out by the loss of the inner hydroxyl for the 257 

kaolinite according to the characteristic band at 3500-3850 cm-1.  258 

In order to follow these thermal decompositions seven spectra at 296, 378, 411, 259 

486 and 733 °C were selected for further analysis. FT-IR spectra of thermal 260 

decomposition products of the kaolinite-KAc intercalation complex at these 261 

temperatures are shown in Fig. 5. The spectra clearly show the temperature at which 262 

the water and carbon dioxide are released out and at which the complex decomposed. 263 
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At 296 °C, the spectrum in the 1394-1090 cm-1 range presents two bands at 1363 and 264 

1194 cm-1 which is due to the stretching vibration of C-O and deformation vibrational 265 

modes of OH, and the bands observed in the 3100-2800 cm-1 are attributed to COOH 266 

vibrations. These are typical of the vibrational modes for acetic acid. It is reported that 267 

the symmetric deformation band of the CH3 group is observed in the spectrum at 1340 268 

cm-1 for the intercalation complex, and the symmetric stretching band of the O-C-O 269 

unit in acetate observed at 1409 cm-1 as a result of hydrogen-bonding with inner 270 

surface OH groups in the intercalation complex [56, 57]. At the same time, the carbon 271 

dioxide (CO2) is still detected by the in situ FTIR spectroscopic evolved gas analysis. 272 

As the temperature of the system is raised, the emission of water (H2O) mainly 273 

occurred between 300 and 411 °C, and this temperature range of mass loss is 274 

attributed to the loss of water coordinated to KAc and then the thermal decomposition 275 

of the intercalated KAc. These results agree with our previous studies [58, 59], where 276 

an increase in the rate of mass loss at 378 °C for the intercalation sample 277 

corresponded to dehydration of intercalated kaolinite along with the liberation of a 278 

small amount of acetate decomposition products. When the temperature reaches 279 

486 °C, water was generated by the dehydroxylation of kaolinite and confirmed by the 280 

appearance of bands at 3500-3640 cm-1. It is also observed that the intensities of the 281 

CO2 and the water are higher than that of other evolved gases. This evolved process 282 

can be divided into two parts: the first evolved process for the CO2 and the water 283 

occurred between 296 and 400 °C with the maximum rate at 378 °C, and this 284 

temperature range of losing these two types of products is attributed to thermal 285 
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decomposition of KAc; the second evolved process for the CO2 and the water between 286 

400 and 500 °C with a maximum at 411 °C is due to the dehydroxylation of kaolinite 287 

and thermal decomposition of surface adsorbed KAc (after melting at 292 °C). At 288 

733 °C, an amount of CO2 released out according to the characteristic band at 289 

2217-2391 cm-1. This is due to the thermal decomposition of K2CO3. 290 

Based on the results of this study and through reviewing and summarizing 291 

various study results, it is therefore proposed that the thermal decomposition 292 

processes for kaolinite-KAc intercalation complexes is divided into five steps. The 293 

first step is thermal decomposition of surface-adsorbed KAc. The second step is loss 294 

of the water coordinated to potassium acetate in the intercalated kaolinite. The third 295 

step is attributed to the thermal decomposition of intercalated KAc in the interlayer of 296 

kaolinite. And then the inner surface hydroxyls formed water. The last step is loss of 297 

the inner hydroxyls.  298 

 299 

Conclusions 300 

The products evolved during the thermal decomposition of the kaolinite-KAc 301 

intercalation complex were studies by using TG-FTIR-MS technique. The main mass 302 

losses for the thermal decomposition of this complex were observed at 81, 296, 378, 303 

411, 486 and 733 °C which were attributed to (a) loss of the adsorbed water (b) 304 

thermal decomposition of surface-adsorbed KAc (c) the loss of the water coordinated 305 

to potassium acetate in the intercalated kaolinite (d) the thermal decomposition of 306 

intercalated KAc in the interlayer of kaolinite and the removal of inner surface 307 
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hydroxyls (e) the loss of the inner hydroxyls and (f) the thermal decomposition of 308 

carbonate derived from the decomposition of KAc. It is proposed that acetic acid can 309 

form in a small amount at the initial step of dehydroxylation through the reaction of 310 

the acetate ion and the connecting inner surface OH group (or with dehydroxylation 311 

water), and the acetate ligand is decomposed to form acetone between 300-520 °C. 312 

These thermal decomposition processes and products were proved by the mass 313 

spectrometric analysis and infrared spectroscopic analysis of the evolved gases. 314 

The main gases and volatile products released during the thermal decomposition 315 

of the kaolinite-KAc intercalation complex are water vapor (H2O), acetone (C3H6O), 316 

carbon dioxide (CO2) and acetic acid (CH3COOH). The main evolved product H2O is 317 

mainly released at 81°C, and the acetic acid is given out at 296 °C. Under the 318 

temperature of 300-500 °C, the main evolved products are H2O, C3H6O and CO2. The 319 

mass spectrometric analysis results are in good agreement with the infrared 320 

spectroscopic analysis the evolved gases. Thermal analysis and mass spectrometric 321 

analysis clearly show at which temperature the mass loss. Furthermore, infrared 322 

spectroscopic analyses give the evidence on the thermal decomposition products. 323 

These results make all explanation have the sufficient evidence. Therefore, thermal 324 

analysis coupled with spectroscopic gas analysis is demonstrated to be a powerful tool 325 

for the investigation of gas evolution from the thermal decomposition of materials. 326 

Using different gas analyzing methods like MS and FTIR increases the unambiguous 327 

interpretation of the results. 328 

 329 
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