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ABSTRACT 
This study investigates the impact of water immersion on the physicochemical properties of coal from two mines 
within the Raniganj coalfield (RCF). The first sample is taken from Chora Colliery 10 Pit, which is an underground 
coal mine, and another sample is taken from Dahibadi Basantimata Colliery, which is an open-cast coal mine. Coal 
samples were subjected to proximate analysis, differential scanning calorimetry (DSC), and Fourier-transform infrared 
spectroscopy (FTIR). After this, these coal samples were immersed in water in the ratio of 1:10 in the lab environment. 
These coal samples were taken out after 15, 30, 90, and 180 days and studied by the above method. Proximate analysis 
revealed a significant increase (30-50%) in moisture and volatile matter content in water-immersed coal compared to 
raw coal. DSC analysis showed a decrease in ignition temperature of water-immersed coal samples that may increase 
the risk of spontaneous combustion. FTIR spectroscopy showed that the relative concentration of organic compounds 
increased in water-immersed coal, which also may favour spontaneous combustion. Volatile matter analysis also 
confirms the finding of FTIR analysis. These results collectively demonstrate that water immersion significantly 
enhances the propensity for spontaneous combustion in coal by increasing moisture, volatile matter, and the 
concentration of reactive organic compounds while lowering the ignition temperature. 
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INTRODUCTION 
In this modern era, many countries around the world depend on coal-based thermal power stations for power 
generation.1 This is mainly due to the abundant availability of coal, its affordability, and ease of mining. 
Besides thermal power stations, steel industries, cement industries, and other metallurgical industries also 
directly depend on coal, and many small and large-scale industries indirectly rely on coal.2,3 The importance 
of coal can be ascertaining from the fact that even today, maximum electricity production in India is done 
by coal-based thermal power stations. India's steel, cement, and thermal power industries are completely 
dependent on coal. India's name is also included in the world's largest coal-producing country. The main 
coal-producing areas in India are Jharia, Raniganj, etc. The economy of the coal field area is completely 
dependent on the coal industry. In the coal field area, several problems like environmental pollution, land 
subsidence, acid mine drainage, coal mine fire, etc., arise due to the coal industry.4,5 Among all these 
problems, coal mine fire is a grave issue. The main cause of a coal mine fire is the spontaneous combustion 
of coal. This is a natural process in which coal slowly reacts with the oxygen present in the coal mine 
atmosphere, and a small amount of energy is released, because this reaction is exothermic. This energy 
keeps getting accumulated inside the mine because of improper ventilation, and the combustion process 
becomes fast. As a result of this fast reaction, a large amount of energy is released, which takes the form of 
a coal mine fire after a certain time. Due to a coal mine fire, valuable natural resource coal gets wasted by 
burning uselessly. The concentration of CO2, CO, SO2, and oxides of nitrogen increases in the region of the 
coal mine fire. After a long time, the coalmine fire baked the surrounding soil and caused land subsidence 
in the coal mine fire area. Scientists and scholars across the world are trying to solve the problem of coal 
mine fires, but have not been able to solve it completely. Almost all the coal-producing countries of the 
world are suffering from the problem of coal mine fires. The problem of coal mine fires is horrifying in 
waterlogged coal mines, and this problem is exclusive to underground coal mines. This paper aims to find 
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out the relationship between the dewatering of coal mines and the spontaneous combustion of underground 
and open-cast coal samples of the Raniganj Coalfield Region. 
 

EXPERIMENTAL 
Materials and Methods 
We have taken coal samples from two selected coal mines of the Raniganj coalfield region, West Bengal. 
The sampling process is done according to the Indian standard. At first, the coal samples were ground into 
a 212-micron size and further went through the process of analysis via proximate analysis, differential 
scanning calorimetry (DSC) analysis, and Fourier-transform infrared spectroscopy (FTIR) analysis. After 
this, these coal samples were immersed in water in the ratio of 1:10 in the lab environment. These coal 
samples were taken out after 15, 30, 90, and 180 days and studied by the above method. 
 

Sample Collection and Preparation 
Raniganj Coalfield region, West Bengal, India, has been selected for this research work. The main reason 
for choosing the Raniganj Coalfield region is that the Raniganj Coalfield has been facing the problem of 
coal mine fires for more than 100 years, and India's first coal mining industry was started in the Raniganj 
Coalfield Region. For this research work, the coal samples were collected from two different coal mines of 
Raniganj coalfield (RCF). The details of the coal samples are given in Table-1. The first sample is taken from 
Chora Colliery 10 Pit, which is an underground coal mine, and another sample is taken from Dahibadi Basantimata 
Colliery, which is an open-cast coal mine. A part of these coal samples was converted to a particle size of 212 
microns as per the Indian standard, and four main components, such as moisture, volatile matter, and fixed 
carbon, were detected by commonly accepted proximate analysis. The organic functional groups were also 
detected by the FTIR analysis method. The remaining part of the samples was immersed in water in a 1:10 
ratio in granule size. These water-immersed coal samples were taken out after 15, 30, 90, and 180 days and 
were converted to 212-micron size by the above-mentioned method and analyzed. 
 

Proximate Analysis 
This is a universally accepted traditional method of coal analysis. As per the Indian standard, this method 
is done by taking proper care. In this method, we have taken 1 1-gram coal sample having a size of 212 μ, 
and inserted it into a hot air oven at 110° C for an hour. The weight difference after heating is the inherent 
moisture value of the coal.6 Another one-gram sample having a size of 212 μ is taken into a cylindrical 
silica crucible and heated at 950° C, and weight after heating the weight difference gives the volatile matter 
content of coal. Finally, we have taken 1 1-gram coal sample in a silica crucible and inserted it into the 
furnace for an hour at 820 ° C after heating, the remaining mass in the silica crucible is the ash content of 
the coal.17 The fixed carbon of coal is calculated by using the above data and the following formula: 

 
Percentage Fixed Carbon = 100 – (% Ash + % VM+ % IM) 

 
The proximate analysis processes have been done in CSIR- CIMFR, Barwa Road, Dhanbad. 
 

Differential Scanning Calorimetry (DSC) 
DSC is a thermal analysis method in which the sample is first heated by the help of instrumental heat, and 
then by examining the heat emitted or absorbed by the sample, it is ascertained whether the sample reacts 
exothermically or endothermically with oxygen in the presence of air. We have used this instrument to 
study the spontaneous behaviour of coal, for which we have placed about 10 mg of coal sample in a sample 
holder and heated the sample at a temperature ranging from 30 to 750 degrees Celsius in the presence of 
normal air and studied the changes in the thermal behaviour of the sample. Several experiments, including 
repeatability, were performed for the two coal samples from the RCF to determine their spontaneous heating 
behaviour, and their results are presented in Fig.-2,3,4, and 5. 
 

Fourier Transform Infrared Spectroscopy (FTIR) 
Among all the spectroscopy techniques, FTIR spectroscopy is one of the reliable and effective techniques. 
FTIR spectroscopy mainly detects various functional groups present in an unknown compound by 
absorbing infrared (IR) light at a specific frequency. The IR spectrum range lies between the visible and 
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microwave regions of the electromagnetic spectrum.12 The Infrared (IR) region is divided into three parts, 
namely, the near IR, which is from 12500 to 4000 per cm, the mid IR, which is from 4000 to 200 per cm, 
and the far IR, which is in the range of 200 to 10 cm. Apart from this, this spectroscopy has a fingerprint 
region which is from 650 to 1500 per cm, which gives the specific identification of the molecule of each 
compound. For identifying most of the organic compounds, the instrument displays the absorption peak at 
4000 to 400 per cm.13,14,15 Experts identify these peaks and estimate the organic compounds present in them. 
For this they use previously known reference absorptions like O-H, C-H and N-H stretches in the range of 
3000 to 4000 per cm, triple bonds in the range of 2050 to 2500 per cm, C=O (aromatic ester) or C-N 
(aromatic amine) in the range of 1126 to 1036 per cm, C-H (aromatic bonds) in the range of 900-700 per 
cm, C=O (aromatic carbonyl) in the range of 1700-650per cm  etc.16,17,18,19 This instrument has been used 
to study the functional groups present in raw coal and coal immersed in water. 
 

RESULTS AND DISCUSSION 
Proximate Analysis 
On doing proximate analysis of raw coal samples, the value of IM was obtained as 4.6% and 1.3%, the 
value of VM was found to be from 32.26% to 23.29% and the value of Ash was found to be from 18.12% 
to 32.94%. On adding all these values and subtracting them from 100, the value of fixed carbon was found 
to be from 49.62% to 43.77%. Thus, the IM and VM, and Ash of water-immersed coal samples were 
obtained as follows in Tables-1 and 2. In all these results, basically a lot of difference was seen in the 
moisture and volatile matter content, whereas no major difference was found in fixed carbon, as shown in 
Fig.-1a and 1b. 
 

Table-1: Proximate Data of Raw Coal and Water Immersed Coal Samples from Chora Colliery Sites. 
Sample 
Code 

Seam 
Name 

Colliery Name Mad VMd Ad FCd 

TR6/0D R-VI Chora Colliery 10 Pit 4.76 32.26 18.12 49.62 
TR6/15D R-VI Chora Colliery 10 Pit 7.17 28.13 13.47 52.41 
TR6/30D R-VI Chora Colliery 10 Pit 5.99 37.28 28.42 28.31 
TR6/90D R-VI Chora Colliery 10 Pit 1.05 34.88 44.02 20.05 

TR6/180D R-VI Chora Colliery 10 Pit 1.38 33.89 44.46 20.27 
Mean 4.07 33.288 29.698 34.132 
Range 1.05-7.17 28.13-37.28 18.12-44.46 20.05-52.41 

 

Table-2: Proximate Data of Raw Coal and Water Immersed Coal Samples from Dahibadi Basantimata Colliery Sites 
Sample 
Code 

Seam 
Name 

Colliery Name Mad VMd Ad FCd 

DGP/0D GP Dahibadi Basantimata 
Colliery 

1.03 23.29 32.94 43.77 

DGP/15D GP Dahibadi Basantimata 
Colliery 

1.63 23.52 32.61 42.85 

DGP/30D GP Dahibadi Basantimata 
Colliery 

1.02 23.49 23.29 52.2 

DGP/90D GP Dahibadi Basantimata 
Colliery 

5.6 35.58 28.49 30.33 

DGP/180D GP Dahibadi Basantimata 
Colliery 

4.87 35.75 19.78 52.2 

Mean 2.83 28.326 27.422 44.27 

Range 1.02-5.6 23.29-35.75 19.78-32.94 30.33-52.2 
 

Differential Scanning Calorimetry (DSC) 
On studying the DSC results, it is found that the change in the thermal behaviour of the coal sample is an 
endothermic change at around 40 to 110 degrees Celsius, which is definitely due to IM, whereas above 200 
degrees Celsius, exothermic changes can be easily seen, which is definitely due to the volatile matter present 
in the coal and the ignition of coal. This exothermic level continues till 600 degrees Celsius, and after that 
it becomes stable. The ignition temperature of raw coal and coal immersed in water has been detected 
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mainly by DSC analysis, which is found to be 248.8 degrees Celsius for raw coal of DGP mines and 245.5 
degrees Celsius for coal immersed in water. Whereas the ignition temperature of raw coal of Chora 10 pit 
mines was 224.5 degrees Celsius, the ignition temperature of coal immersed in water was 226.5 degrees 
Celsius. 219.5 degrees Celsius has been found. DGP mines is an open-cast mine, and Chora 10 pit mines is 
an underground coal mine, shown in Fig.-2 to 5. After the coal of both types of mines comes in contact with 
water, the ignition temperature of both types of them decreases, which increases the risk of spontaneous 
combustion of coal. 

 
Fig.-1A: Proximate Data Graph of DGP Mines 

 

 
 

Fig.-1 B: Proximate Data Graph of Chora 10 Pit Mines 
 

 
Fig.-2: TG/DSC Graph of RAW COAL SAMPLE of DGP Mines 

 
Fig.-3: TG/DSC Graph of Water-Immersed Coal Sample of DGP Mines 
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Fig.-4: TG/DSC Graph of Raw Coal Sample of CHORA 10 PIT Mines 

 

 
Fig.-5: TG/DSC Graph of Water-Immersed Coal Sample of CHORA 10 PIT Mines 

 

Fourier Transform Infra-Red Spectroscopy (FTIR) 
FTIR spectra of the coal sample are shown in Fig.-6 and 7. The peaks found in the FTIR spectra of raw coal 
and water immersed coal are mainly in the range of 500 to 900 per cm indicates that aromatic compounds 
and unsaturated hydrocarbons may be present, similarly 1000 to 1600 per cm indicates that carbonyl 
compound, 1780-2100per cm may due to amides and triple bonded hydrocarbons and 3100 to 3600 per cm 
indicates presence of hydroxyl group. The plotted graph in terms of absorbance versus wave number 
showed that the peak of aromatic compounds, carboxylic acid, aldehyde, ketone, unsaturated hydrocarbon, 
alcohol, etc., is found at a high level, which favours spontaneous combustion. 
 

 
 

Fig.-6: FTIR Blend Graph of Fresh and Water-Immersed Samples of DGP Mines 
 

 
 

Fig.-7: FTIR Blend Graph of Fresh and Water-Immersed Samples of CHORA 10 PIT Mines 
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CONCLUSION 
The results obtained from the Proximate, DSC and FTIR analysis of raw coal and water immersed coal 
elucidate that after being in contact with water, the volatile matter content of coal increases to a high level 
and the amount of organic functional groups present in coal also increases to a high level, as a result of 
which the ignition temperature of coal decreases and due to this the risk of spontaneous combustion in coal 
increases. These results also clarify that after being immersed in water, the risk of spontaneous combustion 
in coal from both open-cast and underground mines increases, which may be due to the increase in organic 
compounds and volatile matter of water-immersed coal. 
 

ACKNOWLEDGEMENTS 
Authors are grateful to the Department of Mine Fire Ventilation, CSIR-CIMFR Dhanbad, for the Proximate 
and DSC results and Central Instrumentation Facility (CIF), BIT Mesra, Ranchi, for providing the test 
results of FTIR analysis. 

CONFLICT OF INTERESTS 
The authors declare that there is no conflict of interest between them. 
 

AUTHOR CONTRIBUTIONS 
The present work is related to SDG-12: Responsible Consumption and Production. All the authors 
contributed significantly to this manuscript, participated in reviewing/editing and approved the final draft 
for publication. The research profile of the authors can be verified from their ORCID ids, given below:  
Pintu Kumar Mandal https://orcid.org/0009-0001-8200-2071 
Manoj Kumar Mishra https://orcid.org/0000-0003-2927-5676 
Niroj Kumar Mohalik https://orcid.org/0000-0003-1521-432X 

 

Open Access:  This article is distributed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) 
and the source, provide a link to the Creative Commons license, and indicate if changes were made. 

 

REFERENCES 
1. M. Elwardany, A.M. Nassib, H. Mohamed, Process Safety and Environmental Protection, 183, 

617(2024), https://doi.org/10.1016/j.psep.2024.01.039 
2. B. K Saikia, J. Saikia, S. Rabha, L.F.O. Silva, R. Finkelman, Geoscience Frontiers, 9(3), 863(2018), 

https://doi.org/10.1016/j.gsf.2017.11.013 
3. R. V. K. Singh, Procedia Engineering, 62, 78(2013), https://doi.org/10.1016/j.proeng.2013.08.046 
4. N.K. Mohalik, E. Lester, I.S. Lowndes, V.K. Singh, Carbon Management, 7, 317(2016), 

https://doi.org/10.1080/17583004.2016.1249216 
5. G.B. Stracher, T.P. Taylor, International Journal of Coal Geology, 59(1), 7(2004), 

https://doi.org/10.1016/j.coal.2003.03.002 
6. J. G. Speight, In Handbook of Coal Analysis, Wiley, Vol.1, 116(2015), 

https://doi.org/10.1002/9781119037699.ch5 
7. N.R. Cheepurupalli, B. Anuradha, International Journal of Engineering and Advanced Technology, 

9(2), 1643(2019), https://doi.org/10.35940/ijeat.b3046.129219 
8. N.K. Mohalik, S. Mandal, S.K. Ray, A.M. Khan, J.K. Pandey, International Journal of Mining Science 

and Technology, 32, 75(2022), https://doi.org/10.1016/j.ijmst.2021.12.002 
9. N.K. Mohalik, E. Lester, I.S. Lowndes,  Journal of Thermal Analysis and Calorimetry, 143, 185(2021). 
10. Y. Yang, J. Li, Process Safety and Environmental Protection, 160, 232(2022), 

https://doi.org/10.1016/j.psep.2022.02.009 
11. N.K. Mohalik, S. Mandal, S.K. Ray, A.M. Khan, D. Mishra, J.K. Pandey, International Journal of 

Mining Science and Technology, 32, 75(2021), https://doi.org/10.1016/j.ijmst.2021.12.002 
12. R. Kumar, M.K. Mishra, S.K. Singh, A. Kumar, International Journal of Mechanical Engineering and 

Technology, 7(5), 330(2016). 



 
Vol. 18 | No. 3 |1792-1798| July-September | 2025     

1798 
STUDY OF WATER IMMERSED COAL OF RANIGANJ COALFIELD                                                                         Pintu Kumar Mandal et al. 

13. A. Nandiyanto, R. Oktiani, R. Ragadhita, I. Ijost, Indonesian Journal of Science and Technology, 4, 
97(2019), https://doi.org/10.17509/ijost.v4i1.15806 

14. J. Ibarra, E. Muñoz, R. Moliner, Organic Geochemistry, 24(6), 725(1996), 
https://doi.org/10.1016/0146-6380(96)00063-0 

15. X. Cui, T. Wu, J. P. Cao, Carbon Resources Conversion, 4, 100(2021), 
https://doi.org/10.1016/j.crcon.2021.03.002 

16. W. Zhang, Q. Zeng, Frontiers in Earth Science, 11, 01(2023), 
https://doi.org/10.3389/feart.2023.1208803 

17. D. Gao, L. Guo, F. Wang, L.  Zhu, Z. Gao, Social Science Research Network Electronic Journal, 327, 
125151(2022), https://doi.org/10.2139/ssrn.4113015 

18. H.H. Ahmad, A. Nurdradjat, H. Johanes, A.D. Hariyanto, Rasayan Journal of Chemistry, 15(3), 
1772(2022),  https://doi.org/10.31788/RJC.2022.1536894 

19. S.S. Panchal, D.V. Vasava, R. Joshi, Rasayan Journal of Chemistry, 17(2), 317(2024), 
https://doi.org/10.31788/RJC.2024.1728742 

 [RJC-9341/2025] 
 
 
 
 


