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Abstract

1-Butyl-3-methylimidazolium tetrafluoroborate ([Bmim]BF,) is often used as an extractive desulfurization of liquid fuels.
However, the role of air and nitrogen atmospheres on thermal effect of [Bmim]BF, has been shown to the opposite. Thus, the
effect of oxidizing gases on thermal stability and safety risk of [Bmim]BF, is worth further investigation. In this study, the
thermal stability, decomposition mechanism, and thermal hazards of [Bmim]BF, were studied by thermogravimetric (TG),
simultaneous application of thermogravimetric with a Fourier transform infrared spectroscopy (TG-FTIR), and accelerated
adiabatic calorimetry (ARC). Obtained by thermogravimetric experiments, the long-term thermal stability of [Bmim]BF,
is MOTjgg00=92 C under air and MOTg,,= 112 °C under nitrogen. TG-FTIR shows that the decomposition mechanism is
different in the two atmospheres; CO, is only produced under air, indicating that the decomposition products of [Bmim]BF,
undergo combustion and release huge heat, which explains the exotherm of DSC images in air. In adiabatic experiments, dif-
ferent atmospheres affect the decomposition reaction order of [Bmim]BF,. Nitrogen suppresses the thermal effect of [Bmim]
BF,, because although the decomposition rate of [Bmim]BF, before runaway is much greater under nitrogen than under
air, the maximum temperature and maximum pressure are still less than under air. The thermal stability, thermal effect, and
adiabatic runaway of [Bmim]BF, in different atmosphere are a typical representations of ILs, which proves that oxidizing
atmosphere has a great negative influence on thermal hazards of [Bmim]BF,.

Keywords 1-Butyl-3-methylimidazolium tetrafluoroborate - Thermal stability - Decomposition mechanism - Adiabatic
runaway
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Cy. The heat capacity of the bomb J g~! K™!
Cys The heat capacity of the samples J g~ K~
Introduction

Ionic liquid (ILs) composed of organic cations and inorganic
or organic anions as liquid state around 25 °C is known as
room temperature molten salts [1, 2]. Compared with tra-
ditional organic solvents, ILs exhibit a series of excellent
properties, such as extremely low volatility, high stability,
and wide electrochemical window [3, 4]. A large amount
of literature shows that ILs have promising applications as
green low temperature electrolytes in metal electrodeposi-
tion, preparation of energy-containing materials, and other
related fields [5]. According to market research, the global
ILs market is on the rise and is expected to reach a total of
more than US $60 million by 2025 [6, 7]. Recognizing the
thermal safety of ILs themselves is of great significance for
safe production. Most of the literature focuses more on the
application of ILs, but ignores the thermal safety of ILs dur-
ing production and application [8]. The traditional method
of judging the safety of ILs is based on flash point, which
obviously has drawbacks. For instance, ILs have low volatil-
ity and are obviously difficult to form combustion mixtures
with air [9]. Therefore, ILs are always considered noncom-
bustible; the use of traditional methods to judge the safety of
ILs is extremely dangerous. Most of the combustion of ILs
is related to the positive heat generated, the oxygen content,
and the decomposition products [9]. The minimum tempera-
ture at which ILs can be used is limited by their melting
point, and the thermal stability limits the maximum tempera-
ture [10]. The thermal stability of ILs is often determined
by a thermogravimetric analyzer (TG) with a constant rate
of temperature rise under different atmospheres [11]. The
temperature rise rate chosen for this paper is 1.0, 2.0, 4.0,
and 10.0 'C min~'. The temperature corresponding to the
mass loss (1%) is called the onset temperature (T,.,) and is
often used as a synonym for the decomposition temperature
to define the thermal stability of ILs [12]. However, stud-
ies indicated that ILs decompose at a temperature promi-
nently lower than 7, which is caused by a high heating
rate of 10.0 °C min~! with the initial thermal degradation
temperature being quickly exceeded [13]. Usually the onset
temperature is used as a reference temperature, which can
lead to an overestimation of the upper operating temperature
[14—-16]. Therefore, more thermal analysis technical methods
are needed to fully evaluate the ILs properties.
1-Butyl-3-methylimidazolium tetrafluoroborate ([Bmim]
BF,) is a potential desulfurization reagent of liquid fuels
[17]. The combustion of liquid fuels is very violent and
releases a lot of heat, if thermal stability and thermal hazards
of [Bmim]BF, are not sufficiently understood, which may
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also cause great hazards. Because of its own non-toxic and
non-corrosive, low vapor pressure and other excellent prop-
erties, [Bmim]BF, acts as an extractant to replace the tradi-
tional organic extractant in azeotropic distillation. [Bmim]
BF, as an extractant needs to extract azeotropes in a high
temperature environment, and how its own properties change
is crucial to the extraction effect [18]. So in-depth study of
the thermal stability and thermal hazards of [Bmim]BF, is
needed. During the visualization experiment, [Bmim]BF,
has obvious spattering in two atmospheres at high tempera-
tures; this indicates that [Bmim]BF, decomposition by heat
will produce a large amount of gas, for which the type of
gas, release rate, and volume of release will have an impact
on safety, if in a confined space it may cause combustion or
even explosion. From the paper by Wang et al., it was found
that [Bmim]BF, has opposite thermal effects in two atmos-
pheres [19]. There is only one exothermic peak and [Bmim]
BF, emits a total of 2629 J g‘1 under air, which was almost
5.25 times higher than the limitation of 500 J g™ formulated
by European Classification, so it is very necessary to analyze
the thermal properties of [Bmim]BF, in air, while in the
conditions of nitrogen there is only a small exothermic peak
but a huge heat absorption peak with a total absorption of
13157 g [19]. Different decomposition mechanisms cause
different thermal effects under the two gases, which need to
be further analyzed by more thermal analysis methods. The
methods employed were as follows:

(1) To obtain the thermal stability of [Bmim]BF,, ther-
mogravimetric analyzer (TG) was used under different
atmospheres conditions.

(2) To describe the thermal decomposition mechanisms
of [Bmim]BF, under different atmospheres, thermo-
gravimetry coupled with Fourier transform infrared
spectroscopy (TG-FTIR) was applied.

(3) To estimate the parameters of process safety during a
thermal runaway reaction, accelerating rate calorimeter
(ARC) was used under adiabatic conditions.

The above experiments were repeated three times for each
group to eliminate experimental uncertainties and to ensure
the accuracy of the experimental data. Through a compre-
hensive and in-depth analysis of [Bmim]BF,, we are able
to fully understand this substance and improve its safety in
production, use, and transportation.

Experimental details
Sample

1-Butyl-3-methylimidazolium tetrafluoroborate ([Bmim]
BF,) is a colorless and transparent liquid and was purchased
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Table 1 Basic parameters of [Bmim]BF,

Property Data Molecular structure

C¢H,sN,BF. ~
8HsN2 By \N/\E/\/\
\ /" BF,

Formula

Molecular mass  226.02
Density 1.26 gcm™
Appearance Transparent
Purity 99%

from Hua Wei Rui Ke Chemical Corp. Beijing, China. Store
sealed at room temperature prior to experimentation. The
chemical properties of the substances are shown in Table 1.

Experimental equipment
Thermogravimetric analyzer (TGA)

TGA 2 (Mettler Toledo, Switzerland) is commonly con-
ducted to examine the relationship between quality and tem-
perature by setting temperature conditions through meter
programs. The initial exothermic reaction temperature, peak
temperature, final reaction temperature, and maximum mass
loss derivative were detected using the TGA thermal anal-
ysis system. It was used to study the thermal stability of
[Bmim]BF,. The samples were loaded into a 70-uL capped
alumina crucible, and the mass of each sample was con-
trolled at 2.0+0.1 mg. In the atmosphere of nitrogen and
air, the purge rate was controlled at 20 mL min~'. Since
the corrected § value for the TGA instrument in the study
was 4.0 °C min~', the heating rates are, respectively, 1.0,
2.0, 4.0, 10.0 °C min~!. The p value is chosen strictly in
accordance with the recommendation that the ratio of the
maximum £ value (10.0 °C min™") to the minimum S value
(1.0 °C min™") is not less than 5 [20, 21]; the temperature
range of the experiment is controlled at 30700 “C. Because
the substance has a spattering phenomenon, a lid with a
small hole is added to the crucible to protect the apparatus
during thermogravimetric experiments [22, 23].

Combustion mechanism analysis
via thermogravimetry with Fourier transform
infrared spectroscopy (TG-FTIR)

A TGA 2 (Mettler Toledo, Switzerland) coupled with an
FTIR spectrometer iS20 (Thermo Fisher, USA) was used to
analysis of pyrolysis products of [Bmim]BF, under nitrogen
and air by combined thermogravimetric experiments and
Fourier transform infrared spectroscopy. Maintain the same
experimental conditions for both sets of experiments except

for different atmospheric conditions. For temperature control
in thermogravimetric experiments at 30-500 °C, the heat-
ing rate is 10 °C min~!. From the previous thermogravimet-
ric experiments, it is known that because the crucible was
covered, the amount of substance was increased in order to
detect the pyrolysis products of the substance smoothly, and
5+0.1 mg was added to the alumina crucible with a lid, and
the gas purge rate was 20 mL min~!; the FTIR spectra were
analyzed at a 4 cm™' resolution with 8 scans in the range of
4000-700 cm™! [24].

Accelerating rate calorimeter (ARC)

Accelerating rate calorimeter (ARC) from Thermal Hazard
Technology (THT), Inc. (Bletchley, England) was used to
measure the thermal hazard potential of [Bmim]BF, under
adiabatic conditions. Add 2+0.1 g sample to the samples
bomb of stainless steel; the mass of bomb is 16.2 g. The
temperature range of the experiment under air condition is
260-550 °C. The temperature range is set to 300-550 °C in
nitrogen, in order to maintain nitrogen conditions inside the
ARC bomb; the loaded ARC bomb needs to be placed in a
nitrogen-filled glove box for a period of time. The sensitivity
of both experiments is 0.2 min~!, waiting time is 15 min,
and temperature step is 5.0 °C [25, 26].

Result and discussion

Thermal stability assessment

Thermogravimetric experiments were used to evaluate the
thermal stability of [Bmim]BF, under nitrogen or air. The

corresponding TG and DTG curves are shown in Figs. 1 and
2. There is only one mass loss phase in both atmospheric
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Fig.1 TG and DTG curves of [Bmim]BF, at different heating rates in
nitrogen atmosphere
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Fig.2 TG and DTG curves of [Bmim]BF, at different heating rates in
air atmosphere

conditions. Under air, [Bmim]BF, will be completely
pyrolyzed. In contrast, [Bmim]BF, will not be completely
pyrolyzed and there will be 2.9% remaining under nitrogen,
because the organic matter in the ILs cannot be decomposed
by oxidation. As shown in Tables 1 and 2, the decomposi-
tion temperature under nitrogen is higher than that under air,
which proves that [Bmim]BF, is more stable under nitrogen.
The mass loss rate in air is different from that in nitrogen
atmosphere, indicating different mechanisms of thermal
decomposition in air or nitrogen [27]. The decomposition
temperature of [Bmim]BF, in both atmospheres increased
with increasing heating rate. This trend could be compre-
hended by the fact that the rate of thermal degradation was
determined by both the thermodynamics and thermokinetics
of the decomposition process [28].

Calculation method of thermodynamic parameters

The apparent activation energy (£,) can be used to indicate
the minimum amount of energy required for a chemical
reaction to occur, so the higher the E,, the more difficult
the reaction will be. Model-free methods allow evalua-
tion of kinetic parameters without pre-selection of reac-
tion models, the Flynn—Wall-Ozawa (FWO) method is one
of the most commonly used methods, and its calculation

Table2 Decomposition feature parameters of [Bmim]BF, are
obtained by TGA in nitrogen atmosphere

is relatively simple and applicable to linear heating rate
conditions, but its accuracy is poor. The addition of the
Kissinger—Akahira—Sunose (KAS) method can improve
the accuracy of the E, calculation and can verify the cal-
culation results with each other. As two integral isotrans-
formation methods, the FWO method is obtained by a very
coarse Doyle approximation, while the coarse temperature
approximation of the integral leads to E, inaccuracy, and
the KAS method is obtained by a more precise approxima-
tion of the temperature integral type parameter. Compared
to the FWO method, the KAS method offers a significant
improvement in the accuracy of the E, values. The FWO
and KAS are used to calculate thermodynamic parameters
in the paper [29-31].

The kinetics is expressed by applying the following
equation.
L = kD) xf(@ )

t

where da/dt is the conversion rate, k(T) is the Arrhenius rate
constant, and f(a) is the differential mechanism function.

Among them, the rate constant-temperature relation
proposed by Arrhenius by simulating the equilibrium
constant-temperature relation is the most general.

E
K(T) = A (——)
(T) = Aexp RT 2)
where A is the frequency factor and R is the universal gas
constant.

Combining Egs. (1) and (2), according to the Arrhenius
equation, and considering the impact of the heating rate.

_dr

b=

3
where T, t, and f represent temperature, time, and heating
rate, respectively. Equation (1) is rearranged in the following
form of Eq. (4).

da A E,
T 7 XeXp<—ﬁ> X f(@) @)

FWO and FAS can be represented by Egs. (5) and (6),
respectively [32, 33].

Table 3 Decomposition feature parameters of [Bmim]BF, are
obtained by TGA in air atmosphere

/C min™ Tyl C T,/'C T,/C  B/Cmin” Tyl C e T,.d/C
298.6 337.0 363.8 1°C min™ 286.2 375.1 350.0
2 320.7 345.0 364.9 2 °C min™ 314.9 354.3 359.1
4 347.0 369.9 392.0 4°C min™! 329.2 338.8 373.4
10 3742 393.2 423.1 10 °C min™! 346.9 3234 408.7
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Table 4 Kinetic parameters E, and K,, for the decomposition pro-
cesses and calculated maximum operation temperature (MOT) of
[Bmim]BF,

E/K/mol Ky/min" MOTg/C MT,/C MOT,/C

Nitrogen 117 1.5x10% 112 185 238
Air 102 8.4x10° 92 169 225
= 1Kmin'
—1- * 2K min"'
2 -1
1 -1
—24
o~ =37
R
E —4-
%D {
S I
H 4
2 ¢
= ]
— 7
— 8-
0.0014 0.0015 0.0016 0.0017 0.0018 0.0019
1/T(K™)

Fig.6 In(DTG) versusl/T of [Bmim]BF,

influenced by the chosen baseline and equipment noise in
the beginning of the phase [34]. Therefore, the activation
energy in the range of 0.3 to 0.8 is considered reliable for the
conversion rate. Obviously, the value of E, is always close
to the average E, for different o fluctuations. Vyazovkin et al.
found that E, does not vary greatly in the range of a and
there is no peak in the reaction rate curve; then, the process
is dominated by the single-step model [35].

Long-term thermal stability

The kinetic parameters obtained from the short-term
dynamic thermogravimetric experiment can also be used in
long-term thermal stability calculation. (The correspond-
ing residual mass is about 99%.) The thermal stability is
not well judged based only on the temperature parameters
obtained from thermogravimetric analysis. Based on the
evaporation and pyrolysis kinetic model of ILs, maximum
operating temperature (MOT) can be obtained, which can
be used to characterize the long-term thermal stability [28,
36]. An industrial year is 8000 h, the MOTy, is usually
used to express the long-term stability of an ILs, and cal-
culate MOT based on the experimental data obtained by
[Bmim]BF, under two different atmospheres (Table 4). As
shown in Fig. 6, based on DTG data for different heat rate
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in dynamic thermogravimetric experiments, all curves have
approximately the same slope (E,/R) and a consistent InA;
the long-term thermal stability of [Bmim]BF, can be calcu-
lated using Eq. (8) [29].

dm\ _ E, 1
In(—a) = In(ky) = 7 X 72 +In(m) %)
Ea
MOT = 8)
R [4.6+In(A X 1,

Under nitrogen, the MOT for [Bmim]BF, is about 112 °C
for 8000 h (MOTgq), but 185 °C for 24 h (MOT,,) and circa
238 °C for only 1 h of application (MOT,). Under air, the
MOT for [Bmim]BF, is about 92 °C for 8000 h, but 169 ‘C
for 24 h and circa 225 °C for only 1 h of application. From
Table 4, MOT decreases with the increase in usage time.
When [Bmim]BF, is used for a long time, its temperature
range should be strictly controlled to prevent danger. The
value of MOT in air is less than that in nitrogen, which indi-
cates that the risk of [Bmim]BF, in air is higher than that
in nitrogen. Ultimately, these calculated values fit very well
the observed decomposition behavior in short-term measure-
ments of about 1 h for [Bmim]BF,; thermal decomposition
with mass loss of 1% or higher has been observed at tem-
peratures above circa 200 C.

Analysis of pyrolysis products by infrared
spectroscopy

The reaction mechanism of [BMIM]BF, differs between air
and nitrogen conditions, and the decomposition products are
investigated using FTIR. As shown in Fig. 7a, there is only
one product peak under nitrogen. The wave number range
between 2879, 2965, and 2942 cm™' is the asymmetric and
symmetric stretching vibration of C-H. The wave number
range between 3152 and 3112 cm™ is the stretching vibra-
tion of C—H of unsaturated carbon. The wave numbers at
1569 are due to C=N stretching. The peak of wave numbers
at 1465 cm™! is due to CH, and CH, asymmetric bending of
alkyl substituent. Wave number of 1352 cm™! is the bend-
ing vibration of C—H, and wave number range of 1191 cm™
is the stretching vibration of C—F bond. The wave number
range is 1140 cm™ for C—C bond stretching vibration and
1060 cm™ is due to stretching vibration of anion BF]. The
band of 846 cm™' is due to C—N stretching vibrations.
There is only one product peak under air, as shown in
Fig. 7b, the wave number range from 2900 is the stretch-
ing vibration of the C—H bond, and the wave number at
2359 cm™! is the asymmetric stretching vibration of the
0=C=0 bond in CO,. The wave number at 1060 cm™!
is due to stretching vibration of anion BF,. From the
known functional groups, it can be initially determined
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Fig.7 Image a infrared spectra of meteorological decomposition
products of [Bmim]BF, under nitrogen, image b infrared spectra of
meteorological decomposition products under air

that the gaseous product contains methanol (C—H bond
stretching vibration: 3000-2900 ¢cm™', O-H stretch-
ing vibration: 3400-3230 cm™!, C—O bond stretching
vibration: 1062 cm™). Methyl isocyanate may also be
present in the emission gas (O =C =N bond stretching
vibration: 2281-2309 cm™', C-H stretching vibration:
3000-2900 cm™).

It can be found that the products in the two atmos-
pheres are completely different, and combustion reactions
occur under air conditions with oxidation products, thus
giving off amount of heat. This indicates that ILs are not
safe in air conditions and serious safety accidents may
occur, so their thermal hazards in both air and nitrogen
atmospheres are studied by ARC.

To prevent the drawback of analyzing the decomposi-
tion mechanism only by infrared spectrograms at peak
product concentrations, the 3—-D infrared transform spec-
tra of [BMIM]BF, in air with nitrogen release gas are
shown in Figs. 8 and 9.

0.010

0.005

Absorbance/Abs

10.0

SR
7 1000
0/77 N

Fig.8 3-D FTIR spectra of gases released from the decomposition of
[Bmim]BF, under air atmosphere

Decomposition characteristics of ionic liquids
under two atmospheres studied by ARC

As a desulfurizer of liquid fuel, thermal runaway of [BMIM]
BF, will have a great influence on the use of liquid fuel and
may cause fire or even explosion if the decomposition reac-
tion is out of control in a confined space. In order to study
whether air and nitrogen reduce their thermal hazards under
adiabatic conditions, pressure rise rate, temperature rise rate,
maximum pressure, and maximum temperature are used
to quantitatively evaluate the thermal hazards [37]. ARC
data on temperature and pressure versus time are shown in
Figs. 10 and 11.

The exotherm of [Bmim]BF, is detected at 383.0 °C under
air and reaches the maximum temperature rise rate under adi-
abatic conditions after 46 min. The maximum temperature and
pressure rise rates are 1.2500 ‘C min~' and 0.8960 bar min™';
the maximum pressure and maximum temperature reached are
73.9 bar and 451.7 “C, respectively. Similarly, exotherm was

0.010

Absorbance/Abs

e, 1000

Fig.9 3-D FTIR spectra of gases released from the decomposition of
[Bmim]BF, under nitrogen atmosphere
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Fig. 10 Temperature and pressure versus time of [Bmim]BF, by ARC
under nitrogen

detected at 365.0 “C under nitrogen and maximum tempera-
ture rise rate reached after 18.5 min, where maximum tem-
perature rate and pressure rise rate are 0.2880 ‘C min~! and
0.2840 bar min~' and the maximum pressure and maximum
temperature are 67.2 bar and 375.7 °C, respectively. Higher
temperature and pressure under air conditions as a result of
the exothermic combustion of its pyrolysis products and the
production of CO,, higher heating rate and pressure rise rate,
reducing the reaction time, higher temperature, and pressure
increase its destructive, indicating that the adiabatic runaway
of [Bmim]BF, is more dangerous when it placed in air condi-
tions. In order to further explain different hazards in the two
atmospheres, the reaction mechanism needs to be investigated.

Dynamics under adiabatic conditions

The thermodynamic method in this paper under adiabatic
conditions was proposed [37], for an n-order reaction with a
single reactant; the self-heating reaction is expressed as fol-
lows [38, 39]:

dr T, -T1"
=—=AT.,|——1| K
mr =g ad [Tf _T ©

my 18 the self-heating rate at any temperature, n is the reac-
tion order, T, and T are the starting and ending temperatures,
respectively, AT,, is the adiabatic temperature rise, and K is
the rate constant. K can be expressed as follows:

My

T—1]"
ATad[AfT]

ad

K =
(10)

Based on the Arrhenius equation, we can find E, and A by
the following formula.
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Fig. 11 Temperature and pressure versus time of [Bmim|BF, by ARC
under air

Ink——%xl+InA
" R

T an

Thermal inertia correction of thermal
decomposition parameters under adiabatic
conditions

Under ideal adiabatic conditions, the adiabatic temperature
rise is provided by the heat released from the decomposition
reaction. But there is the fact situation the heat generated by
the decomposition reaction is not only used to raise the tem-
perature, but also partly absorbed by the calorimeter, so this
experiment needs to be corrected by using the thermal inertia
factor [40, 41].

M.C

vC

=1+
w MSCVS

12)
where M, is the mass of the test bomb of ARC, M, is the
mass of the sample. C,, is the heat capacity of the bomb, C,
is the heat capacity of the sample

The temperature correction equation is as follows:

T;nd = Tstar + (p(Tend - Tstar) (13)

The correction for the adiabatic temperature rise is as
follows:
AT, = pAT, (14)
Using the thermal inertia parameter to correct the
experimental data and making Figs. 12 and 13, the gas
atmosphere affects the decomposition mechanism of
[Bmim]BF,, the pyrolysis reaction in air is third-order
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Fig. 12 Linear fit for Ink to T~' curve with different reaction orders
under air
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Fig. 13 Linear fit for Ink to T"! curve with different reaction orders
under nitrogen

reaction, and under nitrogen it is second-order reaction.
As shown in Figs. 10 and 11, the starting pressure under
nitrogen is 57 bar much higher than that under air 15 bar;
the difference reaction order between the two atmospheres
causes difference in the reaction mechanism. As shown in
Fig. 14, the self-heating rate varies with time, the maxi-
mum self-heating rate is reached faster under nitrogen,
but the value of self-heating rate under nitrogen is much
smaller than that under air due to the suppress effect of
nitrogen. Nitrogen will make it decompose earlier, but
nitrogen will suppress the thermal effect, even if the
decomposition is earlier, but the degree of harm that be

030 7 (a) 18.5 min
0.28
0.26
0.24

0.22 1
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0.18 1

Self-heating rate(°C/min)

0.16 .
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Self-heating rate(°C/min)
"

0.2 hN
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Time/min

Fig. 14 Image a the self-heating rate varies with time under nitrogen;
image b the self-heating rate varies with time under air

achieved is limited and less than that caused by the com-
bustion of the product in air.

Conclusions

In this study, [Bmim]BF, proved to be potentially danger-
ous, contrary to traditional defined. From thermogravimetric
experiments, it can be find that the onset temperature of all
heating rates under air conditions [Bmim]BF, is significantly
lower than the onset temperature of all temperature rates
under nitrogen conditions, and the E, under air condition
is lower than that under nitrogen condition. By calculating
the long-term thermal stability of [Bmim]BF,, MOTy, is
92 °C under air conditions and 112 °C under nitrogen condi-
tions, which proves that the long-term thermal stability of
[Bmim]BF, under air conditions is lower than that under
nitrogen conditions. This indicates that [Bmim]BF, is more

@ Springer
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unstable under air conditions. By TG-FTIR experiments,
it was demonstrated that the pyrolysis products of [Bmim]
BF, in the two atmospheres are different; the products under
air conditions burn and produce carbon dioxide and release
heat, which explains the great exotherm produced in the
DSC images under oxygen conditions. By ARC, it is found
that the thermal effect of [Bmim]BF, under nitrogen condi-
tions is limited, and the thermal effect under air conditions
is quite obvious. By fitting the adiabatic data, the reaction
orders under different atmospheres were obtained, indicating
the different in the reaction mechanism of [Bmim]BF, under
air and nitrogen conditions.

A comprehensive analysis of the thermal stability and
decomposition mechanism of [Bmim]BF, under air and
nitrogen conditions shows that ILs are not as safe as tra-
ditionally thought. For the long-term storage, [Bmim]BF,
should be avoided as much as possible under air condition.
Without considering the cost, the flowing inert gas atmos-
phere plays a certain role in ensuring the safety of [Bmim]
BF,.
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