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Abstract Cotton is a flammable material and some cot-
tons would decompose or even self-ignite at bad storage
and transport conditions. This paper studied the sponta-
neous combustion of cotton from the aspect of thermal
decomposition temperature (TDT) and critical ambient
temperature (CAT). From Fourier transform infrared
spectroscopy analysis and chromatographic and mass
spectrometric analysis, significant thermal decomposition
was detected at the temperature of 210°C, which indi-
cated that the TDT of cotton was around 210 °C. From TG
analysis and small-scale CAT test, activation energy of
cotton and CAT of small cotton stack were obtained.
Then, CATs of the cotton stacks with different dimen-
sions were calculated based on Frank-Kamenetskii theory.
With the dimensions [ increased from 0.2 to 3.2 m, the
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CATs of cotton decreased from 195.0 to 137.9°C. The
TDT of cotton was higher than these CATs, and the dif-
ferences between TDT and CAT of cotton varied from
almost 15-70°C (with the dimensions [/ increased from
0.2 to 3.2 m). As the experiments and calculation of the
CATs were very complicated and time-consuming, the
CATs of cotton can be estimated if the TDT was known.
The result of this paper was especially meaningful for
evaluating the risk of spontaneous combustion of cotton
and speculating the reason of cotton fire.

Keywords Thermal decomposition temperature (TDT) -
Critical ambient temperature (CAT) - Thermal
decomposition - Spontaneous combustion - Frank-
Kamenetskii

List of symbols

0 Frank-Kamenetskii parameter

Ocr Critical Frank-Kamenetskii parameter

0 Reaction heat (J mol™!)

o Extent of reaction (mass fraction that has

decomposed) (%)

f(o)  Model function of solid-state reaction

[ or r Characteristic dimension (m)

T, Ambient temperature or temperature of oven (K)
T, The temperature of sample (K)

T, The temperature of reference substance (K)

Ty Critical ambient temperature (CAT) (K)

A Thermal conductivity (W m K1)

R Universal gas constant (8.314 J mol~! K1)
B Heating rate § = d7'/d¢ (°C min~!)

A Frequency factor or pre-exponential factor
E Reaction activation energy (kJ mol~')

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-017-6090-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-017-6090-1&amp;domain=pdf

1618

Q. Luo et al.

Introduction

Cotton is a flammable material. Some kinds of cotton
would decompose or even self-ignite at bad storage and
transport conditions. For the bad storage and transport
conditions, high ambient temperature is obviously one of
the key reasons leads to cotton fire. So, it is very important
to study the effect of temperature to the spontaneous
combustion of cotton.

Previously, there were a number of studies on the thermal
decomposition and spontaneous combustion of cotton.
Many studies paid more attention to the thermal decompo-
sition properties of different cottons (or cotton with different
components). Ceylan et al. [1] studied the effect of water
immersion on the thermal degradation of cotton fibers with
thermogravimetric analysis. The maturity and variations in
water-soluble content of the fiber were found to be important
factors influencing the thermal behavior of raw cotton fibers.
Wang et al. [2] studied the spontaneous combustion of
stored wet cotton using a C80 calorimeter. The results
indicated that the self-accelerating decomposition temper-
ature (SADT) of wet cotton was lower than dry cotton and
the risk of spontaneous combustion for wet cotton was
higher than dry cotton. Zhao et al. [3] studied the sponta-
neous combustion risk of different cotton samples using a
microcalorimeter technique. From their results, the self-
heating oxidation temperatures (SHOTSs) of some cotton
samples are lower than others, and the self-heating and
spontaneous combustion propensity of different cotton
samples were different. Zhu et al. [4] studied the thermal
decompositions of cotton and flame-retardant cotton fabrics
by differential scanning calorimeter (DSC), thermo-
gravimetry (TG) and pyrolysis—gas chromatography—mass
spectroscopy (PY-GC-MS). The result was helpful in
understanding of mechanisms of flame-retardant cotton
fabrics. Gaan and Sun [5] studied the effect of phosphorus
flame retardants on thermo-oxidative decomposition of
cotton. Their results showed that diammonium phosphate
(DAP), pyrovatex CP (PCP) and phosphoric acid (PA) chars
maintain the surface morphology during the burning pro-
cess, which might be due to the formation of a protective
layer or crosslinking effect. Gaan and Sun [6] studied the
effect of nitrogen additives on thermal decomposition of
cotton. The thermal decomposition of the nitrogen com-
pounds was different during the pyrolysis and combustion.
On the effect of external conditions, Molto et al. [7] gave
thermogravimetric analysis during the decomposition of
cotton fabrics in an inert and air environment. Hagen et al.
[8] studied the effect of boundary conditions to transition
from smoldering to flaming fire for cotton.

In these studies, most papers discussed the thermal
decomposition of cotton with thermal analysis techniques
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(DSC, TG and so on). However, as the thermal decompo-
sition would be different with the change of heating rates, it
was not a good idea to obtain the thermal decomposition
properties (especially the TDT and CAT discussed in this
paper) of cotton with thermal analysis techniques directly.
This paper paid more attention to the effects of temperature
to thermal decomposition and spontaneous combustion of
cotton. Thermal decomposition was a chemical decompo-
sition caused by heat. The thermal decomposition tem-
perature (TDT) of a substance was the temperature at
which the substance chemically decomposed. In this paper,
FTIR analysis and GC-MS analysis were used to obtain the
TDT of cotton. For spontaneous combustion properties, the
critical ambient temperature (CAT) can well reflect the
effect of ambient temperature and volume to spontaneous
combustion according to Frank-Kamenetskii [9] theory.
However, the tranditional method according to Frank-
Kamenetskii [9] theory was very complicated and time-
consuming. In this paper, TG analysis and small-scale CAT
test were used to calculate the CATs of cotton with dif-
ferent dimensions. Lastly, the relationship between TDT
and CAT of cotton can be known preliminarily. As the
experiments to calculate the CAT was still too complicated
and time-consuming, the CAT of cotton can be estimated,
while the TDT of cotton was known.

Experimental
Samples

In this paper, there were four experiments: FTIR analysis,
GC-MS analysis, TG analysis and small-scale CAT test.
The cotton sample was typical seedless cotton which came
from Hubei Province of China. Cotton sample was dried in
the vacuum drying oven for 24 h at 60°C before the
experiments of TG analysis and small-scale CAT test. For
the FTIR analysis and GC-MS analysis, sealed glass bot-
tles (1 1) with 2 g cotton were kept in constant temperature
oven at temperatures 150, 170, 190, 210 and 230°C for
another 1 h and five samples were obtained. The sealed
glass bottles (1 1) which were used to collect the gases
emitted at different oven temperatures for GC-MS analysis
and the cotton samples were used for FTIR analysis

(Fig. 1).

FTIR analysis

Fourier transform infrared spectroscopy (FTIR) was a
technique which is used to obtain an infrared spectrum of
absorption or emission of a solid, liquid or gas. The
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Fig. 1 The cotton samples of different oven temperatures in the FTIR
analysis a 150°C. b 170°C. ¢ 190°C. d 210°C. e 230°C

instrument used in the experiments was Thermo Scientific
Nicolet 6700. Attenuated total reflectance (ATR) accessory
was used to determine the spectrum of a cotton samples
(150, 170, 190, 210 and 230°C). Attenuated total reflec-
tance (ATR) technique was very convenient for solid
samples.

GC-MS analysis

Gas chromatographic and mass spectrometric (GC-MS)
analysis was used to detect the gaseous products at dif-
ferent temperatures. A Supelco HPLC/SPME Column was
used to absorb the released gases and then was analyzed
with GC-MS equipments (Agilent 7890A and Agilent
5975C). The column was kept in bottle at 40 °C for 15 min
and heated up to 250°C at a rate of 10°C min~' and then
maintained at 250 °C for another 5 min. Testing conditions:
carrier gas speed: 1 mL (He) min~!; injector temperature:
250 °C; mass scanning range: 50-550; resulting EM volt-
age: 1282 V; MS source: 230°C maximum 250°C; MS
Quad: 150°C maximum 200 °C.

TG analysis

Thermogravimetry (TG) was a technique where the mass
of materials was measured as a function of temperature or
time, while the sample was subjected to a controlled
temperature program in a controlled atmosphere. The
instrument used for TG analysis in this paper was a
simultaneous thermal analyzer (NETZSCH STA 449 F3).
The mass of samples in the sample pan was about 5-7 mg.
The cotton fiber was cut to short fiber as the length of
cotton fiber was too long. The gaseous environment was
air (gas flow: 30 mL min~!) in the thermal analysis. The
range of heating temperature was 30-500°C, and the

heating rates for these experiments were 2, 3, 5, 10 and
15°C min~!, respectively.

Small-scale CAT test

The small-scale CAT test was designed to obtain the CAT
of small-scale cotton stack directly. Figure 2 shows sche-
matic diagram of the small-scale CAT test. In the experi-
ment, the reference substance was the fiber of aluminum
silicate (Al,SiOs) which was a typical high-temperature
resistant fiber widely used in wall lining fillings of high-
temperature furnace equipment. Constant temperature oven
was used to provide isothermal environment. The internal
dimension of the oven was 45cm x 35cm X 45cm. Agi-
lent 34970A data acquisition and sheathed thermocouples
were used in combination to acquire the data of tempera-
ture data. The oven temperatures were set at 155, 165, 175,
185 and 195°C, respectively. The sample and reference
substance were kept on the electric oven at constant tem-
perature for 10 h. In order to minimize the effect of con-
vection to the experiment, two stainless steel vacuum
bottles were used. The volume of the stainless steel vac-
uum bottle (no lid) was 500 mL with height of 22 cm, and
the weight of cotton samples was 80-100 g.

Results and discussion

Thermal decomposition temperature

FTIR analysis

From the color of cotton samples, with the increasing in
temperature, the color of samples changed from light yel-

low to dark yellow and then to black; at the temperature
around 210°C, the color of cotton changed more

1. Electric oven

2. Thermocouple

3. Vacuum bottle

(sample)

4. Vacuum bottle

(reference substance)

5. Data Acquisition

6. Laptop

Fig. 2 schematic diagram of small-scale self-heating test
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significantly. FTIR analysis was used to detect the chem-
ical reaction during thermal decomposition. FTIR spec-
troscopy of cotton samples is shown in Fig. 3. In the figure,
the baselines of FTIR spectroscopies were 0 (150 °C), 0.05
(170°C), 0.1 (190°C), 0.15 (210°C) and 0.2 (230°C),
respectively, for conveniently obtaining the differences of
five cotton samples.

From the FTIR spectroscopy of cotton samples, it can be
observed that the absorption peaks of these samples are
similar except at the peak of 1722 cm™!
There was no peak at the wavenumber of 1722 cm~! for
150, 170 and 190°C cotton samples. The peak almost
begins to develop around 210°C. At 230 °C, there was an
obvious peak at the wavenumber of 1722 cm™.

Checking from infrared spectroscopy correlation
table [10] (P. 29), the wavenumber of 1722 cm™! reflects
the bond of C=0 (aldehyde or ketone). So, the appearance
of C=0 (aldehyde or ketone) can reflect the extent of
thermal decomposition. Fras et al. [11] studied the oxida-
tion of cellulose fibers (cotton fibers) by titration and XPS.
They found that two processes take place when the oxi-
dation method is applied (Fig. 4). From this paper, there
was significantly oxidation of cotton samples when the
ambient temperature was over 210 °C.

wavenumber.

0.3

0.25 -

0.2F

0.15 F

Absorbance

0.1

0.05

150 °C

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

Fig. 3 FTIR spectroscopy of cotton samples (with ATR technique)

HO OH

Fig. 4 The equation of oxidation for cellulose
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GC-MS analysis

Gas chromatographic and mass spectrometric (GC-MS)
analysis was used to detect the components of gaseous
products at different temperatures. Previously, most papers
paid more attention to compounds of gas by using the GC—
MS. In this paper, GC-MS analysis provided more infor-
mation about the thermal decomposition properties at dif-
ferent temperatures. GC-MS spectrum of cotton samples is
shown in Fig. 5. In the figure, the baselines of GC-MS
spectrum were 0 (150°C), 2 x 10% (170°C), 4 x 10°
(190°C), 6 x 10° (210°C) and 8 x 10° (230°C), respec-
tively, for conveniently knowing the differences of five
cotton samples. Table 1 lists typical compounds of thermal
decomposition of cotton at different oven temperatures.

There were nine typical compounds: furfural (CsH40,),
octanal (CgH;60), nonanal (CoH;30), decanal (C;oH,,0),
undecanal (C;;H»0), dodecanal (C;;H,40), tridecanal
(Ci13Hp60), tetradecanal (Ci4Hp30) and pentadecanal
(Ci5H300). The area of peaks can well reflect the amount
of compounds. In the table, N/A means the compounds
cannot be detected or the concentration of these com-
pounds was too low to be detected in the sealed glass
bottles.

x 108

gl 20 I\M\_JLJMMU.JMUNJJMM 1

o}
O
% 6l 210 °C ll A LlLl.J N
el
=
2
= 4l 190 °C
o | 1m0cC Ll
oL1C O T
0 5 10 15 20 25 30

Time/min

Fig. 5 GC-MS spectrum of cotton samples
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Table 1 The typical compounds of thermal decomposition of cotton at different oven temperatures

Time/min Compounds Spectrum peak area/x 10°
150°C 170°C 190°C 210°C 230°C
5.6 Furfural (CsH403) N/A N/A N/A N/A 43.78
8.9 Octanal (CgHc0) N/A N/A N/A 10.95 16.37
10.6 Nonanal (CoH;30) 7.77 7.60 8.62 18.60 35.66
122 Decanal (C;oHaO) 5.82 5.18 11.16 2771 55.42
13.6 Undecanal (C;;H»,0) 2.00 1.74 6.26 16.98 39.71
15.0 Dodecanal (Ci,H»40) 1.61 1.18 393 11.32 26.00
16.3 Tridecanal (C;3H60) N/A N/A 1.83 5.77 12.64
17.5 Tetradecanal (C4H,50) N/A N/A 1.12 2.97 6.68
18.7 Pentadecanal (C;sH300) N/A N/A 1.00 2.51 4.01
60 T T T T T TDT of cotton
ol =gg:§§;1 (<ng}11{1:0%>) | This paper also conducted the thermal analysis (TG anal-
] Undecanal (C;;Hy,0) ysis) with different heating rates, and there were different
w0l [_1Dodecanal (C;>Hy,0) | thermal decomposition rate curves at different heating rates
e (Fig. 8). There was no significant thermal decomposition
E 30 - | property around the 210°C. Thermal analysis technique
g was not sensitive and suitable to obtain the thermal
< 20 b | decomposition temperature (TDT).
Some significant thermal decomposition properties can
10l | be observed in FTIR analysis and GC-MS analysis at the
temperature of 210°C. The color of cotton changed sig-
0 IIFH—! Il,—|,_. Ilﬂ|_| H nificantly at the temperature around 210°C, and the
150 170 190 210 230 increasing in the bond C=0 was the reason from the results

Temperature/°C

Fig. 6 The spectrum peak area change of four typical compounds in
the GC-MS spectrum at different oven temperatures

Not all the nine compounds can be detected at different
temperatures. For the light gas compounds, furfural
(CsH40,) and octanal (CgH;60), they were not detected at
the temperature from 150-190 °C. On the other hand, great
amount of furfural (CsH40;) was detected at the temper-
ature 230°C. Great amount of octanal (CgH;s0) was
detected at the temperature 210 and 230 °C. For heavy gas
compounds, tridecanal (C;3Hc0), tetradecanal (Ci4H,30)
and pentadecanal (C;5sH3¢0), they were not detected at the
temperature lower than 190 °C. The amount of these heavy
gas compounds increased quickly when the temperature
was higher than 210 °C.

There were four typical compounds (nonanal (CoH;530),
decanal (C;oH,¢0), undecanal (C;1H»0) and dodecanal
(C12H240)) which can be detected in all experiments.
Figure 6 shows the area change of four typical compounds
in the GC-MS spectrum at different oven temperatures.
From the figure, the area of four typical compounds
increased rapidly around 210 °C, while the amount of these
components kept low below 210 °C.

of FTIR analysis. The produced gas components also
increased significantly from the results of GC-MS analysis,
which also indicated cotton sample chemically decom-
posed around 210°C. The TDT of cotton can be regarded
as around 210°C.

Critical ambient temperature
Frank-Kamenetskii theory and small-scale CAT test

Frank-Kamenetskii theory reflected the variation of tem-
perature within the stack of substances. In the theory of
Frank-Kamenetskii, there was an important parameter—the
dimensionless Frank-Kamenetskii parameter 6. The critical
values of Frank-Kamenetskii parameters o. for some
typical geometries could be known from Luo et al. [12] and
Gray [13].

_ QEPf(a) E
5—TT§CXP(—RTa> (1)

For self-heating and spontaneous combustion problems, the
effect of reaction model f(x) can be ignored, and only
activation energy E and dimension / can affect the critical
ambient temperature (CAT) of samples. Then, the CATs of
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cotton with different dimensions / can be calculated from
Eq. (2). Luo et al. [14] also calculated the CATs of bio-
mass and fishmeal successfully with this method.

E
loc T, exp <2RT ) (2)
a,cr

The calculation of CATs was based on Frank-Kamenetskii
theory with infinite Biot number boundary conditions.
Thomas [15, 16] pointed out the effect of Biot number to
the values of critical Frank-Kamenetskii parameter. The
values of critical Frank-Kamenetskii parameter would
decrease with the decreasing in Biot number. For Biot
numbers greater than 30, the correction for critical Frank-
Kamenetskii parameter J.. was rather small but was sig-
nificant for smaller values. Gray [13] (P.622) pointed out
that for laboratory-size test bodies (/ =~ 0.1 m), the Biot
number was rather large for typical cellulosic materials.
In the small-scale CAT test, as the bottom and sides
(except the top) of bottle were almost heat-insulated, the
height of bottle (22 cm) can be regarded as the character-
istic dimension (/). The CAT of cotton with the charac-
teristic dimension / =0.2m can be obtained from the
small-scale CAT test. So, based on the small-scale CAT
test, the calculation of the CATs of cotton for larger
dimensions (/) according to Eq. (2) can be reliable.
Figure 7 shows the temperature changes of cotton
sample and reference substance at different oven temper-
atures in the small-scale CAT test. Table 2 shows the
temperature difference between cotton sample and refer-
ence substance at the end of the small-scale CAT test. It
can be seen from the results that there were small differ-
ences between the temperatures of oven 7, and reference
substance 7;. As it is hard for the oven temperature to be
kept constant, the small differences were acceptable. The

220 T T T T T T T T T T
200 - 1
180 1
g) 160 1
~
o 140 1
=2
< 120 b
) 155 °C (Reference)
g‘ 100 } 155 °C (Sample) 4
) 165 °C (Reference)
= 80 | 165 °C (Sample) |
175 °C (Reference)
175 °C (Sample)
60 : 185 °C (Reference) 1
i 185 °C (Sample)
40 195 °C (Reference) 1
195 °C (Sample)
20 L L L L L L T T T L

0 1 2 3 4 5 6 7 8 9 10
Time/h

Fig. 7 The temperature of cotton sample and reference substance in
the small-scale CAT test
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Table 2 The temperature difference between cotton sample and
reference substance at the end of the small-scale CAT test

Temperature Oven temperature T,/°C

155 165 175 185 195

Reference 7,/°C 1547 1660 177.1 1877 198.7
Sample T;/°C 1545 166.1 1781 1925 214.1
Difference T — T,/ °C —-0.2 0.1 1.0 4.8 15.4

temperature differences between cotton sample 7 and
reference substance 7, can be observed. The difference
T, — T; increased with the increasing in oven temperature
and even reaches 15.4°C at the oven temperature of
195°C. In other methods of spontaneous combustion and
self-heating, such as the [17] (section: 28), the critical
temperature was defined as the lowest oven temperature at
which the sample temperature exceeds the oven tempera-
ture by 7 °C or more. Using similar benchmark, the CAT of
cotton with the characteristic dimension (/ = 0.2m) was
almost 195 °C.

Kinetics and activation energy

From Eq. (2), the activation energy E of cotton should be
calculated before the calculation of CATs of large
dimensions. The activation energy E of cotton will be
calculated with thermal analysis and kinetics. From the
kinetics of solid-state reactions (or heterogeneous reac-
tions), the extent of reaction o« was defined in terms of the
mass fraction of solid that has decomposed. The non-
isothermal kinetics equation of solid-state reaction is
shown as follows.

% =A exp( IfT>f(a). (3)

where f(o) was the reaction model. In previous studies,
many kinetic methods were provided. However, the model-
free methods, such as Friedman [18, 19] method and
Ozawa [20] method, can eliminate the effect of model
function, and they were more suitable for calculating
activation energy. These methods were also recommended
by International Confederation for Thermal Analysis and
Calorimetry (ICTAC) [21, 22]. In this paper, Friedman
method was used to calculate activation energy E. The
equation of Friedman method was shown as follows.

In (/33—;) = In[Af ()] — RET (4)

Figure 8 shows the TG and DTG results of cotton
sample at different heating rates. According to the research
of Liu et al. [23] and Xu et al. [24], the reaction in the
initial stage and the finished stage should not represent the
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Fig. 8 The TG and DTG results of cotton sample at different heating rates a TG. b DTG
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1 —4
— 57 x10

Fig. 9 The fitting plot of Friedman method for cotton

whole process of thermal decomposition. It can be seen
from the figure that reaction extent o over 60% was dif-
ferent with that under 60%. So, in the thermal analysis, the
extent of reaction o of 20, 30, 40 and 50% was used,
respectively.

Activation energy analysis for cotton with Friedman
method is shown in Fig. 9 and Table 3. From Table 3, the
differences among the values of activation energy E
obtained at different reaction extent & were comparable for
the values of activation energy E. The mean value of
activation energy FE for the cotton sample was
159.01 kJ mol~!. Previously, Yao et al. [25] calculated the
activation energy E of cotton with model-free methods, and

Table 3 Activation energy analysis for cotton with Friedman method

Material o/ % E/KJ mol~! R? Mean E/kJ mol ™!
Cotton 20 141.44 0.9762 159.01

30 159.03 0.9822

40 174.43 0.9917

50 161.12 0.9903

the calculated activation energy E of cotton was
165.3 kJ mol~! (Friedman method) and 169.9 kJ mol~!
(Ozawa method). Kim et al. [26] also calculated the acti-
vation energy E of cotton with model-free methods; the
activation energy E they calculated was 159.3 kJ mol~!
(Ozawa method). The activation energy E they calculated
was very close to the activation energy E calculated in this
paper, which indicated that there was similar activation
energy for different cottons. As the activation energy E of
cotton was obtained with thermal analysis, CATs of cotton
can be calculated based on Frank-Kamenetskii theory.

CATs of cotton

As it was very hard to obtain the activation energy with
experiments according to Frank-Kamenetskii theory, this
paper made a hypothesis that the activation energy of the
cotton sample in Frank-Kamenetskii theory can be replaced
and calculated with kinetic method of thermal analysis.
Then, the CATs of cotton with different characteristic
dimensions can be calculated from Eq. (2). The calculated
CATs of cotton are shown in Table 4.
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Table 4 The calculated CATs of cotton based on Frank-Kamenetskii
theory

Cotton Dimensions //m
0.2* 0.4 0.8 1.6 32
CAT/°C 195.0 178.9 163.9 149.8 137.9

4 Obtained from the small-scale CAT test

With the dimensions [ increased from 0.2 m to 3.2 m,
the CAT of cotton decreased from 195.0 to 137.9°C.
Apparently, the larger dimensions of cotton stacks, the
higher risk of spontaneous combustion.

Conclusions

This paper studied the thermal decomposition and sponta-
neous combustion of cotton from the aspect of thermal
decomposition temperature (TDT) and critical ambient
temperature (CAT). Four different experiments (FTIR
analysis, GC-MS analysis, TG analysis and small-scale
CAT test) were conducted. Based on the experiments, the
following conclusions can be obtained.

1. From FTIR analysis and GC-MS analysis, significant
thermal decomposition was detected at the temperature
of 210°C, which indicated cotton sample chemically
decomposed around 210 °C. Thus, the thermal decom-
position temperature (TDT) of cotton can be regarded
as around 210°C.

2. From TG analysis and small-scale CAT test, activation
energy of cotton and CAT of small cotton stack were
obtained. CATs of large cotton stacks were calculated
based on Frank-Kamenetskii theory. With the dimen-
sions [ increased from 0.2 m to 3.2 m, the CAT of
cotton decreased from 195.0 to 137.9°C.

The TDT of cotton was higher than CATs of cotton, and
the differences between TDT and CAT of cotton varied
from almost 15-70°C (with the dimensions [/ increased
from 0.2 to 3.2 m). As the experiments and calculation of
the CATs were much more complicated and time-con-
suming, the CATs of cotton can be estimated preliminarily
if the TDT of cotton was obtained. That was especially
meaningful for speculating the reason of cotton fire: whe-
ther it was caused by spontaneous combustion or arson.
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