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ABSTRACT 

Coal dust and sugar dust are widely used in industries. But both are explosive in nature. So it is very important 

to know their thermal degradation kinetics and self-ignition temperature for safe handling and storage. In this study, the 

thermal degradation characteristics of coal dust and sugar dust has been studied using thermogravimetric analysis 

(TGA). Non-isothermal TG curves, recorded at different heating rates of 10, 15 and 20oC/min were used to evaluate the 

kinetics of thermal decomposition. Arrhenius equation is used for the evaluation of kinetic parameters like activation 

energy and pre-exponential factor of the thermal degradation of coal dust and sugar dust. The activation energy and 

pre-exponential values of sugar dust were obtained as 11.70 kJ/mol and 0.0361 sec-1. The activation energy and pre-

exponential values of coal dust were obtained as 79.29 kJ/mol and 0.1033 sec-1. In addition, proximate analysis and 

self-ignition temperature of coal dust and sugar dust are found out. Self-ignition temperature of coal dust and sugar 

dust are found to be 527 oC and 350oC respectively. 
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INTRODUCTION 

Coal dust and sugar dust are explosive in nature. In the past, many serious fire and explosion accidents have 

occurred from dust. So it is very important to understand the thermal hazard factors for coal dust and sugar dust. 

Various thermal hazard information such as activation energy (Ea), pre-exponential factor (Z), order of the reaction and 

self-ignition temperature of coal dust and sugar dust are investigated by thermo gravimetric analysis (TGA). 

Thermogravimetric analysis or thermal gravimetric analysis (TGA) is a method of thermal analysis in which 

changes in physical and chemical properties of materials are measured as a function of increasing temperature (with 

constant heating rate), or as a function of time (with constant temperature and/or constant mass loss). TGA can provide 

information about physical phenomena, such as second-order phase transitions, including vaporization, sublimation, 

absorption, adsorption, and desorption. Likewise, TGA can provide information about chemical phenomena including 

chemisorptions, desolvation (especially dehydration), decomposition, and solid-gas reactions (e.g., oxidation or 

reduction) (Coats A. W. and Redfern J. P., 1963) 

MATERIALS AND METHODS 

The materials used for this project are coal dust and sugar dust. Coal dust used in this study was obtained from 

Bharat Heavy Electricals Limited, Tiruchirappalli, India. Sugar dust is the powder form of table sugar and it is 

collected from Tiruchirappalli, India. 

Characterization of materials: Proximate analysis of coal dust and sugar dust, The proximate analysis is used to find 

the moisture, volatile matter, fixed carbon and ash present in the sample. Proximate analysis is done by ASTM 

Standard D3172. Thermal behaviour of coal dust and sugar dust, Thermo gravimetric analysis (TGA) was conducted 

for coal dust and sugar dust. The TGA measurements were carried out on a Perkin–Elmer Pyris TGA 4000. The TGA 

measurements for proximate analysis were carried out using alumina crucible and a dynamic nitrogen atmosphere with 

a flow rate of 20 mL/min. The pressure of nitrogen is maintained as 2.5 bar. Coal dust sample is heated to 110oC at 

50oC/min and held isothermally for 3 minutes. This ensures that any weight loss experienced is a direct effect of the 

moisture of the coal. The temperature is then ramped to 600oC and held isothermally. Any weight loss occurring in this 

isotherm region is a direct result of the loss of volatiles. The previous two steps are performed in a nitrogen 

atmosphere. For the third part, the atmosphere is changed to oxygen. This creates an environment suitable for 

combustion. Once the sugar is completely combusted, the residue is taken as the ash. Coal dust sample is also heated to 

110oC at 50oC/min and held isothermally for 3 minutes. The temperature is then ramped to 900oC and held 

isothermally. Then the atmosphere is changed to oxygen. 

Thermo gravimetric analysis of coal dust and sugar dust: The TGA measurements to determine the degradation 

kinetics of coal dust and sugar dust were carried out using alumina crucible and a dynamic nitrogen atmosphere with a 
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flow rate of 20 mL/min. The pressure of nitrogen is maintained as 2.5 bar. Particle size less than 90µm is used for the 

analysis. 4-8 mg of sample is used for each turn. Coal dust sample is heated from 30oC to 900oC at different heating 

rates of 10, 15, and 20 oC/min. Sugar dust sample is heated from 30oC to 600oC at different heating rates of 10, 15, and 

20 oC/min. The TGA was linked to a computer loaded with Pyris software, which was used to control the equipment 

and display the results of the experiments. 

Determination of self-ignition temperature of coal dust and sugar dust: The self-ignition temperature of a 

substance is the lowest temperature at which it will spontaneously ignite in a normal atmosphere without an external 

source of ignition, such as a flame or spark. This temperature is required to supply the activation energy needed for 

combustion. The temperature at which a chemical will ignite decreases as the pressure or oxygen concentration 

increases. It is usually applied to a combustible fuel mixture. 

The test method is carried out in a silica crucible, which is uniformly heated by a burner in an open atmosphere 

from room temperature and increase the temperature gradually. 1gm of sample is taken in the crucible. A K-type 

thermocouple is connected to the sample inside the crucible and it will detect the temperature of sample. At a particular 

temperature the sample will ignite which is known as self-ignition temperature. 

Kinetic analysis: The kinetics of most reactions under isothermal conditions can be summarized by the general 

equation  

𝑑∝

𝑑𝑡
= 𝑘(𝑇) 𝑓(∝)                                                           (1) 

Here is the 
𝑑∝

𝑑𝑡
degree of conversion and is equal to 

𝑚−𝑚𝑖

𝑚𝑓−𝑚𝑖
  where mi is the initial mass of the sample, m is the mass at 

time t and mf is the final mass of the sample; k(T) is the rate constant; and f(α) is some function of α;    

𝑓(∝) = (1−∝)𝑛                                                          (2) 

n is the order of the reaction. 

Then equation (1) becomes 
𝑑∝

𝑑𝑡
= 𝑘(𝑇)(1−∝)𝑛                                                       (3) 

The temperature dependence of the rate constant can be assumed to follow the Arrhenius equation: 

𝑘 = 𝑍𝑒−
𝐸𝑎

𝑅𝑇⁄                                                                (4) 

Where T is the absolute temperature, Z is the pre-exponential factor, Ea is the activation energy and R is universal gas 

constant. Substitution of (4) into (3) gives: 
𝑑∝

𝑑𝑡
= 𝑍𝑒−

𝐸𝑎
𝑅𝑇⁄  (1−∝)𝑛                                                (5) 

Equation (5) has three degrees of freedom or three variables. In order to have a definite solution, during the reaction 

process one variable either may be hold as a constant or may be related to another variable; therefore, the reaction 

process can be defined. 

For non-isothermal conditions, using chain rule, where: 
𝑑∝

𝑑𝑇
=

𝑑∝

𝑑𝑡
.

𝑑𝑡

𝑑𝑇
                                                                   (6) 

Equation (5) becomes:  
𝑑∝

𝑑𝑇
=

𝑍

𝛽
𝑒−

𝐸𝑎
𝑅𝑇⁄  (1−∝)𝑛                                               (7) 

Where β=dT/dt is heating rate (oC/min) and dα/dT is rate of conversion with respect to temperature. 
𝑑∝

(1−∝)𝑛 =
𝑍

𝛽
𝑒−

𝐸𝑎
𝑅𝑇⁄  𝑑𝑇                                                  (8) 

Equation (7) is the basic equation of the TG curve when it integrated. The integration limits are between the initial and 

final temperature of the reaction, or between α=0 and α =1. The value of Ea and Z have marked influence on the 

temperature range over which the TG curve is observed, but they do not influence the shape of the curve too greatly. 

However, the kinetic mechanism, the form of f (α) determines the shape of the curve. 

Isothermal Calculations: After the kinetics parameters (Z, Ea and n) have been calculated, they can be used to predict 

the behaviour of a sample under isothermal conditions. In all of the following equations, temperature is the absolute 

temperature. 
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Percentage Reacted Vs Temperature curve: This curve represents the percent reacted Vs temperature for a given 

reaction time. 

If n=1 (for practical purposes 0.9≤ n≤ 1.1): 

∝= 1 − 𝑒[−𝑍. 𝑡. exp (−
𝐸𝑎

𝑅𝑇
)]                                       (9) 

If n≠1 : 

∝= 1 − [1 − (1 − 𝑛). 𝑍. 𝑡. exp (−
𝐸𝑎

𝑅𝑇
)]1/(1−𝑛)          (10) 

3.3 Percentage Reacted Vs Time curve 

This curve represents the percent-reacted Vs time for a given isothermal temperature. 

If n=1 (for practical purposes 0.9≤ n≤ 1.1): 

∝= 1 − 𝑒[−𝑍. 𝑡. exp (−
𝐸𝑎

𝑅𝑇
)]                                     (11) 

If n≠1 : 

∝= 1 − [1 − (1 − 𝑛). 𝑍. 𝑡. exp (−
𝐸𝑎

𝑅𝑇
)]1/(1−𝑛)          (12) 

3.4 Time Vs Temperature curve 

This curve represents the time required to reach a given extend of reaction at a temperature T. 

If n=1 (for practical purposes 0.9≤ n≤ 1.1): 

𝑡 =
−ln (1−∝)

𝑍.exp (−
𝐸𝑎

𝑅𝑇⁄ )
                                                         (13) 

If n is not equal to 1: 

𝑡 =
1−(1−∝)(1−𝑛)

𝑍(1−𝑛).exp (−
𝐸𝑎

𝑅𝑇⁄ )
                                                 (14) 

RESULTS AND DISCUSSION 

Proximate analysis: 

Table.1.Result of proximate analysis 

Sample Moisture (%) Volatile matter (%) Fixed carbon (%) Ash (%) 

Coal Dust 7.6 35.9 37.6 18.9 

Sugar Dust 7.7 73.8 18.5 0 

In coal dust 7.6% moisture and 35.9% volatile matter are present. Fixed carbon and ash content in it is 37.6% 

and 18.9 respectively. In sugar dust 7.7% moisture is present and fixed carbon is 18.5%. Volatile matter in the sugar 

dust is 73.8% and it is a very high value. The amount of fixed carbon and volatile matter directly contribute to the 

heating value of sample. High volatile matter content indicates easy ignition of fuel. Volatile matters are the methane, 

hydrocarbons, hydrogen and carbon monoxide, and incombustible gases like carbon dioxide and nitrogen found in 

coal. Thus the volatile matter is an index of the gaseous fuels present. Fixed carbon acts as a main heat generator 

during burning. The ash reduces handling and burning capacity. Table 4.1 clearly shows that sugar dust has a very high 

volatile matter and showing its igniting capacity than coal dust. Ash is not present in the sugar dust because it is a 

purified form of sugar (i.e., table sugar). So burning capacity will be increased. It is seen that sugar dust is more 

explosive than coal dust. 

Thermal analysis: From TG curve of sugar dust, it can be observed that in zone I, 2% weight loss is occurred and it is 

in the range of 30-110oC and it represents the moisture content in the sample. 80% volatile matter is present in the 

sugar dust which is shown in the zone-IV. Zone-V represents the fixed carbon content. 18% fixed carbon is present in 

the sample. Ash content in the sample is 0% because sugar dust is the dust of refined and purified table sugar. So 

impurities will be very less. 

From TG curve of coal dust it can be observed that zone-I, in 30-110oC temperature range there is 6-8% weight 

loss is occurred. It represents the amount of moisture present in the sample. The volatile matter content of coal 

corresponds to the volatile products evolved between 110-900oC under nitrogen because of thermal decomposition. 

Volatile matter will vary with the rank of the coal. 30-32% volatile matter is present in this sample which represents 

the zone-II. The amount of fixed carbon in this sample is 25-28% and it represents the zone-III. Ash content of the 

sample is 38%.  

http://www.jchps.com/


Inter National Conference on Energy Efficient Technologies For Automobiles (EETA’ 15) 
Journal of Chemical and Pharmaceutical Sciences                                                                             ISSN: 0974-2115 

JCHPS Special Issue 6: March 2015                                                   www.jchps.com      Page 106 

 Fig.2 and Fig.3 shows the TG curves obtained for thermal decomposition of the coal dust and sugar dust in 

nitrogen atmosphere. Through TG curves, it can be observed that increasing the rates of heating moved both the onset 

and the peak temperatures to higher temperatures in all samples studied. The enthalpy of melting increased as the rate 

of heating increased. Also, the initial temperature of TG measurements moved to higher temperatures as the rates of 

heating increased. In the case of coal dust, the peak and onset temperatures clearly increased as the rate of heating was 

increased but the onsets were nearly constant at higher rates of heating. The peaks became slightly broader as the rate 

of heating was increased. 

From the TGA curve of coal dust it can be observed that the degradation is takes place between 300 to 600oC. 

Details of the TGA experiment of coal dust are shown in Table 2. Some facts could be noticed that the weight loss 

increased with the increasing heating rates to reach the weight loss equilibrium point, while higher heating rates spent 

less time for this process. Those facts strongly suggest that the pyrolysis process of coal dust and is dependent upon the 

heating rate. The mass loss, initial mass loss temperature, maximum mass loss temperature, and final mass loss 

temperature for each material are shown in Table 2 for the three heating rates of 10, 15, and 20 °C/min. From the 

curves, it is found that mass loss began to increase above the temperatures of 380, 404 and 406°C for the heating 

temperatures of 10, 15, and 20 °C/min respectively. This fact implies that the degradation did not occur below those 

temperatures. Degradation temperatures increase with increasing heating rate. Peak temperatures are 448.18, 456.66 

and 470.86 °C for the heating temperatures of 10, 15, and 20 °C/min respectively.   

From TGA curve of sugar dust it can be observed that the degradation takes place in the range 200-400 °C. 

From this curves, it found that mass loss began to increase above the temperatures of 164.82, 192 and 210 °C for the 

heating rates of 10, 15, and 20 °C/min respectively. So these are the degradation temperatures of sugar dust for 

different heating rates. Degradation temperatures increase with increasing heating rate. It implies that the degradation 

does not occur below those temperatures. Peak temperatures are 240.37, 315.70 and 320.21 °C for the heating rates of 

10, 15, and 20 °C/min respectively. Using TGA results we can find the degradation kinetic parameters of sugar dust 

and coal dust and also can predict the future of the degradation reaction. 
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Figure.1.TGA curves of coal dust and 

sugar dust 

Figure.2.TGA curve of coal 

dust 

Figure.3.TGA curve of sugar 

dust 

 

Table.3. Kinetic parameters of coal dust and sugar dust 

Component Activation energy,Ea 

(kJ/mol) 

Pre-exponential factor, Z 

(s-1) 

Coal dust 11.70 0.0361 

Sugar dust 79.29 0.1033 

 Fig. 4 and Fig.5 shows the relationship between lnk Vs 1/T of coal dust and sugar dust respectively and it is 

known as Arrhenius plot. The relationship between lnk and 1/T will be a straight line. From this graph, the activation 

energy and pre-exponential factor can be found out. The slope of this graph gives the value of activation energy and 

interception gives the value of pre-exponential factor. The activation energy of degradation reaction of coal dust is 

11.70 kJ/mol and pre-exponential factor is 0.0361sec-1. The activation energy of degradation reaction of sugar dust is 

79.2989 kJ/mol and pre- exponential factor is 0.1033 sec-1. 
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Figure.4.Arrhenius plot of coal dust Figure.5.Arrhenius plot of sugar dust 

From TGA results the relationship of percentage conversion with temperature or time can be obtained. Fig. 6. 

represents the variation of percentage converted with temperature of coal dust for a given reaction time. Here reaction 

times are taken as 10, 20, 50 and 100 minutes. With different reaction times, it is possible to predict the temperature at 

which 100% conversion is attained. For example, if the reaction time is 10 min then 100% conversion will be attained 

at 150oC. The reaction time is inversely proportional to the temperature. 100% conversion attained for reaction times of 

10,20, 50 and 100 minutes are at 150, 220, 400 and 600oC respectively. 

Table.2.Details of TGA experiment of coal dust and sugar dust 

Sample Heating Rate (oC/min) Weight loss (%) Ti (oC) Tf (oC) Peak (oC) 

Coal dust 

10 30.7 380 600 448.18 

15 30.8 404 620 456.66 

20 32.98 406 630 470.86 

Sugar dust 

10 81.3 164.82 259.57 240.37 

15 84.3 192 440 315.70 

20 85 210 400 320.21 
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Figure.6.Variation of percentage conversion with 

temperature of coal dust 

Figure.7.Variation of percentage conversion with 

temperature of sugar dust 
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Figure.8.Variation of percentage conversion with time 

of coal dust 

Figure.9.Variation of percentage conversion with time 

of sugar dust 

http://www.jchps.com/


Inter National Conference on Energy Efficient Technologies For Automobiles (EETA’ 15) 
Journal of Chemical and Pharmaceutical Sciences                                                                             ISSN: 0974-2115 

JCHPS Special Issue 6: March 2015                                                   www.jchps.com      Page 108 

Fig. 7. Represents the variation of percentage converted with temperature of sugar dust for a given reaction 

time. The graph is plotted for different reaction time of 10, 20, 50,100 and 200 minutes. With different reaction times, 

it is possible to predict the temperature at which 100% conversion is attained. If the reaction time is 200 minutes then 

100% conversion should be takes place at 250 oC. 

 Similarly, for reaction time of 10, 20, 50 and 100 minutes the reaction temperature should be at 500, 420, 350 

and 280 oC respectively. The reaction time is inversely proportional to the temperature. Fig. 8. Represents the variation 

of percentage converted with time for a given isothermal temperature for coal dust. If the heating takes place at 

constant temperature then this curve will give the time for complete reaction (i.e. 100% conversion). Constant 

temperatures of 100, 200, 300 and 600 oC are given here. If reaction takes place at 600oC then 100% conversion will be 

occured at 15 minutes. Similarly, if the reaction takes place at 100, 200 and 300 oC then 100% conversion will be 

attained at 100, 50 and 35 minutes respectively. In the case of sugar dust, Fig. 9. Shows the variation of percentage 

conversion with time for a given isothermal temperature. For isothermic reactions, the reaction time can be found out 

using this curve. If the reaction takes place at constant temperatures of 250, 300 and 450 oC then the reaction time will 

be 300, 150 and 20 minutes respectively. 

Determination of self-ignition temperature: The self-ignition temperature is the lowest temperature at which a 

flammable mixture will ignite spontaneously without the presence of an ignition source. The temperature at 

which a chemical will ignite decreases as the pressure or oxygen concentration increases. It is usually applied 

to a combustible fuel mixture. Self-ignition test have been carried out. Self-ignition temperatures of coal dust 

and sugar dust are found to be 527 and 350oC respectively. 

CONCLUSION  

The degradation kinetics of coal dust and sugar dust were studied by means of non isothermal thermo analytic 

experiments. Thermogravimetric analysis (TGA) is used for the investigation. The experiment was carried out at 

different heating rates of 10, 15 and 20oC/min. The activation energy and pre-exponential factor were determined from 

Arrhenius equation. It was shown that the activation energy of degradation of coal dust and sugar dust were 11.70 and 

79.29 kJ/mol respectively. The pre-exponential factors of coal dust and sugar were 0.0361 and 0.1033 sec-1. This study 

has also shown that the degradation of coal dust and sugar dust seems to be a single-step first order reaction. The 

degradation temperatures of coal dust and sugar dust are also found out. The degradation temperatures of sugar dust are 

164.82, 192 and 210oC. The degradation temperatures of coal dust are 380, 404 and 453.17 oC. Proximate analysis of 

coal dust and sugar dust were carried out. Self-ignition temperature test also has been conducted. Self-heating, ignition 

and explosion tests reveal that the ignitability and explosivity of such materials seem to be limited. Self-ignition 

temperature of coal dust and sugar dust are 527 and 350oC. So the sugar dust will ignite faster than the coal dust. 

However, this assessment of process hazards related to coal dust and sugar dust highlights that specific conditions 

should be required in order to avoid self-heating and dust explosions. 
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