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Thermal and kinetic analysis of pure and contaminated ionic liquid: 
1-butyl-2.3-dimethylimidazolium chloride (BDMIMCl) 
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In this research work, thermal decomposition and kinetic analysis of pure and contaminated imidazolium based 
ionic liquid (IL) has been investigated. As thermal decomposition and kinetics evaluation plays a pivotal role in 
effective process design. Therefore, thermal stability of pure 1-butyl-2,3-dimethylimidazolium chloride (BDMIM-
Cl) was found to be higher than the sample of IL with the addition of 20% (wt.) NH4Cl as an impurity. The 
activation energy of thermal degradation of IL and other kinetic parameters were determined using Coats Redfern 
method. The activation energy for pure IL was reduced in the presence of NH4Cl as contaminant i.e., from 58.7 
kJ/mol to 46.4 kJ/mol. 
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INTRODUCTION

Ionic liquids (ILs) are considered to be salts which are 
‘liquid’ below 100oC and made up solely of cations and 
anions1–2. These ILs possess a number of extraordinary 
properties of great interest, for instance, high thermal 
stability3, wide liquidus range4 i.e., –96 to 400oC, wide 
electrochemical window5 and negligible vapor pressure6. 
The unique properties of ILs can also be exploited for 
their effective use in separation processes, catalysis, super 
capacitors and photovoltaic7. In spite of numerous advan-
tages of ILs, this is worrying to know that far only few 
ILs have been manufactured and utilized on commercial 
scale. One of the reasons is the lack of information about 
thermal behavior of these ionic liquids8. Moreover, the 
investigation of thermal properties of ILs is imperative 
for design and evaluation, to set the feasible temperature 
operating range in a chemical process and to estimate 
heating and cooling requirements as well as heat-storage 
capacity. Thermal stability of imidazolium based ILs was 
studied at constant heating rate of 10oC/min and 20oC/
min which revealed that different heating rates did not 
affect thermal stability to a signifi cant extent9. Thermal 
stability and kinetics of thermal decomposition of few ILs 
were investigated in the temperature range10 of 150oC 
to 200oC. Ionic liquids with phosphate anions have low 
thermal stability as compared to those having trifl ate 
anions11. The kinetics for thermal decomposition of 
Imidazolium based ILs, with respect to isothermal and 
ramp experiments, were explored by some researchers12. 
The kinetics for constant heating rate (ramp runs) was 
evaluated using Friedman’s iso-conversional method 
whereas a pseudo zero order kinetics was attributed to 
the linear nature of the decomposition data over a con-
version rate of 0 < α < 0.81. Recently, a theoretical 
approach called Group Contribution Method (GCM) 
has been introduced to predict thermal decomposition 
temperatures of the ionic liquids13. The complex nature 
of thermal degradation of solids and non-volatile liq-
uids has been investigated through various methods to 
explore the decomposition kinetics. However, most of 
the researchers have studied the decomposition kinetics 
of ILs using a specifi c temperature range ignoring the 
thermal behavior of the material in rest of the tempera-

ture range4, 10–11. The activation energies determined for 
a specifi c temperature range does not correspond to 
the entire thermal event, therefore, there is a need to 
investigate the kinetic parameters for full temperature 
range of thermo-gravimetric analysis. Friedman’s method 
is used to fi nd the kinetic parameters for the non-
isothermal experiments, however, in this method, one 
sample must be subjected to multiple TGA ramp runs 
(e.g. 10oC/min, 15oC/min, 20oC/min etc.) which leads to 
its limitation for the determination of kinetic parameters 
in the single ramp run14–15. Similarly, the methods of 
Kissinger, Freeman-Carroll, Flynn-Wall-Ozowa (FWO) 
and Coats Redfern (CR) are used for the kinetic studies 
of non-isothermal thermo-gravimetric analysis, however, 
the Coats Redfern method has been widely used.

The present work describes the kinetic study of 1-bu-
tyl-2.3-dimethylimidazolium chloride (BDMIMCl) with its 
thermal decomposition in thermogravimetric analysis.  As 
the standard methods for the preparation of ILs may lead 
to the presence of halide impurities which can severely 
affect the catalysis reactions, therefore, thermal stability 
and kinetics of thermal decomposition of IL with the 
addition of 20% NH4Cl as contaminant has also been 
studied. The kinetic parameters were determined using 
Coats Redfern method

MATERIAL AND METHODS  

1-butyl-2.3-dimethylimidazolium chloride (BDMIMCl) 
(CAS No. 98892-75-2) and Ammonium Chloride  (CAS. 
No. 12125-02-9) with 99.99% purity were purchased 
from Merck (Germany). The purity of IL sample was 
above 99.99% and was subjected to vacuum drying for 
48 hours to remove any traces of moisture prior to their 
use. BDMIMCl was contaminated with 20% (wt.) ammo-
nium chloride (NH4Cl). Thermogravimetric Analysis was 
performed using SDT Q600 (TA Instruments, USA) at 
a temperature ramp of 10oC/min under nitrogen purge 
gas at 100 ml/min. Thermogravimetric data was used to 
study the kinetics analysis of ILs using Coats Redfern 
Method through Ginstlinge-Brounshtein equation.
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RESULTS AND DISCUSSIONS

Thermal Decomposition 
The onset and fi nal decomposition temperatures of 

pure and contaminated IL are presented in Table 1. The 
onset temperature (Tonset) is the point of intersection 
of the baseline weight and the tangent of the weight vs 
temperature curve as decomposition occurs whereas Tf is 
the fi nal decomposition temperature9. It is obvious from 
the high onset and fi nal decomposition temperatures and 
of pure (267 and 360oC) and contaminated samples (267 
and 360oC), that ILs are thermally stable. The onset 
temperature of three imidazolium based ILs {i.e., 1-bu-
tyl-3-methylimidazolium chloride (BMIM-Cl) and 1-he-
xyl-3-methylimidazolium tetrafl ouroborate (HMIMBF4) 
and 1-hexyl-3-methylimidazolium hexafl ourophosphate 
(HMIMPF6)}16 is also presented in Table 1. It is ob-
served that the thermal stability of  imidazolium based 
ILs depends more on the anion as compared to cation 
and found to be in decreasing order of PF6>BF4>Cl, 
however, the effect of methyl substitution on cation 
was also found to be signifi cant as Tonset of  BDMIMCl 
(267oC) is higher than BMIM-Cl (125.1oC).  

Coats Redfern Method of Kinetic Analysis
The kinetic evaluation of the studied samples is per-

formed using Coats Redfern Method through Ginstlin-
ge-Brounshtein equation (three-dimentional diffusion) 
to evaluate the kinetic parameters. In decomposition 
kinetic studies, various researchers have used both iso-
-conventional and discrimination methods, as per their 
fi ndings by comparing the activation energies, it is quite 
justifi ed to use either Flynn-Wall-Ozowa (FWO) or Coats 
Redfern (CR) models to estimate the kinetic mechanism 
of different materials by thermal degradation19–23. In 
non-isothermal kinetic studies, the relation for linear 
temperature increase with time is given as follows:
T = To + βt      (1)

Where β is the constant heating rate, To is the initial 
temperature and t is the time.  The conversion fraction 
is given as under;

 (2)

Where mo is the initial sample mass, mt is the sample 
mass at certain time and m∞ is the mass of sample at 
infi nite time (i.e. m∞ = 0). The rate of reaction is the-
refore given as follows;

Figure 1. Thermogram of pure and contaminated 1-butyl-
2-3-dimethyl imidazolium chloride (BDMIM-Cl)

Thermal decomposition curve of pure and contamina-
ted 1-butyl-2,3-dimethylimidazolium chloride (BDMIM-
-Cl) is shown in Figure 1. It is observed that the presence 
of impurity (addition of 20% NH4Cl) in IL decreases 
its thermal stability due to the difference of interactive 
forces at molecular level of pure and contaminated 
materials. It is also pertinent to mention that initially 
IL decomposes very slowly i.e., 10% wt. loss at 250oC, 
however, rapid and signifi cant mass loss (i.e., 90% wt.) 
occurs within next 110oC. The onset of decomposition 
temperatures of the investigated IL is quite promising 
and consistent with the data presented by other authors 
on isothermal stability of imidazolium based ILs12, 17, 18. 

Table 1. Thermal decomposition characteristics such as onset/fi nal decomposition temperatures and kinetic parameters of pure and 
contaminated IL

 (3)

Comparing equation (1) and (3) gives:

 (4)

Where k is the rate coeffi cient which can be described 
by the Arrhenius equation as follows:

 (5)

In case of a linear heating rate β, equation (3) and 
equation (5) can be combined as follows:

 (6)

The integration of equation (6) by Coats Redfern 
method formulates the following relation:

 (7)

where A is the apparent pre-exponential factor, R is the 
universal gas constant (8.314 J/mol.K), β is the constant 
heating rate (K/min), E is the apparent activation energy 
(kJ/mol.K) and T is the absolute temperature in K and;

 (8)

where f(α) is a function of the degradation process and 
function g(α) depends on the reaction mechanism. Sub-
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stituting  a plot of the left hand 
side of equation (7) versus 1/T gives a straight line with 
slope equal to –E/R and y-intercept equal to ln (AR/βE). 
The pre-exponential factor ‘A’ can be calculated from 
the intercept and the activation energy can be calcula-
ted from the slope of the straight line produced. The 
values of kinetic parameters such as activation energies 
(Ea), pre-exponential factor (A) and the corresponding 
values of regression coeffi cient (R) are given in Table 1. 
The presence of NH4Cl as contaminant reduced the 
activation energy of BDMIM-Cl to 46.35 KJ/mol. The 
regression analysis was performed after fi tting the data 
curves by least square method for the studied pure and 
contaminated IL as shown in Figures 2 and 3 respectively. 
A good mathematical adjust of experimental points to 
the straight line equation as represented by the values 
of correlation coeffi cients i.e., R2 ≥ 0.997 which indica-
tes that the Coats Redfern model adjust to the kinetic 
decomposition study for the studied IL sample.   

CONCLUSIONS

The determination of the thermal decomposition tem-
perature and kinetics of decomposition is of paramount 
importance for the effective process design and precise 
development of contacting equipment. Thermal stabi-
lity study of ILs is also necessary for the investigation 
of their high temperature applications.  Moreover, the 

investigation of physical and thermodynamic properties 
is vital for equipment sizing and heat storage capacity 
of the ionic liquids.  In this study, step tangent method 
has been employed to study the thermal stability of imi-
dazolium based IL. The addition of contaminant in IL 
such as NH4CI led to lower the thermal stability as the 
presence of halides reduces the thermal stability of ILs.  
The decrease activation energy of IL in the presence of 
contaminant could be due to the presence of the halide 
ions contributed by the ionization of NH4Cl contaminant.
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