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Response to Comments from the Editors and Reviewers: 

Reviewer: 1 

Comments to the Author 

Some irregularities were found in this article, following questions should be responded in detailed. 

1. In section introduction, please list the current research status of the relationship between organic sulfur 

content and the formation of methane gas emission in spontaneous coal combustion, and explain in 

more detail why it is worth studying and why it is important in practical applications. 

2. In section introduction, "Other research on bituminous coal shows that organic sulfur plays a vital role 

in Observations made include the increase in organic sulfur in sub bituminous coal with increasing 

temperature", the role of carbon disulfide compounds, the formation of hydrogen gas and sulfur dioxide 

from bituminous coal, and the high organic sulfur content of bituminous coal will increase the potential 

for spontaneous combustion”, please provide specific references. 

Answer: 

Research on the relationship between organic sulfur and the formation of methane gas emissions during 

spontaneous coal combustion is still very little reported. This research only explains the mechanism and 

role of organic sulfur, especially SH and C-S bonds in the spontaneous combustion of coal which forms 

SO2 and H2S. The reaction mechanism between organic sulfur in the formation of methane gas emissions 

in spontaneous combustion of coal is not explained comprehensively. This research only explains the stages 

of formation of CO, CO2, and CH4, especially in relation to the oxidation temperature in self-heating and 

spontaneous combustion of coal (Gao, et.al., 2022a; Gao, et.al., 2022b). The research that has been carried 

out is research carried out in the laboratory by taking coal samples from the field. Direct field research on 

the role of organic sulfur reactions in the formation of methane gas emissions during spontaneous 

combustion has only recently been reported (Yusuf, 2023). This research shows that the formation of 

methane gas emissions during spontaneous combustion does not occur directly. SH and C-S bonds in coal 

organic sulfur will form SO2 and H2S gas where H2S gas will form H2 gas. The formation of methane gas 

emissions in self-heating and spontaneous combustion can be formed from the reaction between CS2 

compounds from C-S bonds with H2S or H2 gas. This research only shows the role of organic sulfur 

reactions in the formation of methane gas emissions. The current field research is important to see the role 

of organic sulfur in the formation of methane gas emissions during self-heating and spontaneous 

combustion of sub-bituminous C coal with different organic sulfur contents. The research carried out is 

important to look at the characteristics of coal, especially the role of organic sulfur in the formation of 

methane gas emissions in the context of efforts to reduce air pollution from the coal mining sector (Gao, et. 

al., 2022a; Gao, et. al., 2022b). 

The main cause of self-heating and spontaneous combustion of coal is oxidation between coal, air and the 

heat source. The water content outside coal is the main medium for increasing the oxidation temperature 

which lasts for quite a long time. The role of organic sulfur in self-heating and spontaneous combustion is 

strongly influenced by such oxidation. The higher the organic sulfur content, the higher the oxidation 

temperature triggered by the water content of the coal. An increase in the oxidation temperature will 

especially stimulate the formation of H2S and H2 gas emissions. The formation of H2S gas emissions and 

H2 will combine with CS2 to form methane gas emissions (Gao, et. al., 2022a; Gao, et. al., 2022b). 

 

3. In section 3.3, "Figure 2 shows that the higher the organic sulfur content in carbon disulfide bonds, the 

higher the spontaneous combustion temperature of sub-bituminous C coal will occur. "This research 



design collected 46 samples of spontaneous combustion of coal. Why only two data points are listed 

in Figure 2? Two data points are too few to prove this conclusion. 

Answer: 

This research was conducted on sub-bituminous C coal found in the temporary stockpile in West Banko. 

Spontaneous combustion that occurs in the temporary stockplie is grouped into two hotspots, namely: 

hotspots with low organic sulfur content (BB52LS) and hotspots with high organic sulfur content 

(BB52HS). The total number of spontaneous combustion in the temporary stockpile was 46 hotspots, 

consisting of 9 hotspots in BB52LS and 37 hotspots in BB52HS. Figure 2 shows the organic sulfur content 

and average temperature of BB52LS from 9 hotspots and BB52HS from 37 hotspots. Therefore, Figure 2 

is intended to see the relationship between the organic sulfur content of coal and the temperature of self- 

heating and spontaneous combustion, which indicates that the higher the organic sulfur content, the higher 

the temperature. A deeper understanding of Figure 2 is that the process of self-heating and spontaneous 

combustion of coal with a higher sulfur content will take longer to occur, causing the oxidation temperature 

to increase further. As the oxidation temperature increases, the formation of methane gas emissions will 

increase (Figure 4). The pattern that occurs in this research is also identical to previous research (Gao, et.al., 

2022a; Gao, et.al., 2022b) 

 

4. In section 3.3, "The selfheating and spontaneous heating processes of sub-bituminous C coal in the 

West Banko Mine Area involve both processes”. This process is the effect of water content on coal 

self-heating. How does this process relate to "Relationship between methane gas emission, 

temperature, and the spontaneous combustion time in different organic sulfurs"? 

Answer: 

In the initial stage of combustion, an oxidation reaction occurs at a low temperature which is triggered by 

the water content in the coal. The heat generated from the oxidation reaction will cause the water content 

in the coal to evaporate and the temperature will rise rapidly (Nalbandian, 2010; Wen, et. el, 2015). High 

water content will cause the coal oxidation process to become more intensive, causing the heating itself to 

last longer, causing the temperature to increase. This process will cause the formation of SO2, H2S, and H2 

gases for higher organic sulfur content, especially CS2 in C-S bonds. The organic sulfur will react with H2S 

or H2 to form methane gas emissions. Different organic sulfur shows that if the organic sulfur content, 

especially in the CS2 compound in the C-S bond, is higher, the formation of methane gas emissions will 

also be higher because the self-heating and spontaneous combustion process takes longer and the 

temperature increases. On the other hand, if the organic sulfur content is low, the self-heating and 

spontaneous combustion process will be faster so that the formation of methane gas emissions will be lower. 

 

5. In this paper, organic sulfur content and water content have significant effects on methane gas 

emissions during the spontaneous combustion of bituminous coal. Please provide more charts or graphs 

to visualize your data in the analytics section. 

Answer: 

The organic sulfur content and water content in C sub-bituminous coal have a very significant effect on the 

formation of methane gas emissions during self-heating and spontaneous combustion. Water content plays 

an important role in increasing the temperature of self-heating and spontaneous combustion. High water 

content requires a long time to increase the self-heating temperature and spontaneous combustion of coal. 

This long time process will cause the formation of SO2 and H2S, especially from the CS2 compound in the 

C-S bond, to take longer and the reaction will form greater methane gas emissions. Figure 2a shows that 

the higher the average water content in coal, the lower the methane gas emissions formed during self- 

heating and spontaneous combustion (Li, et.al., 2021). Evaporation that occurs in the oxidation process will 



reduce the water content outside the coal. The process of increasing the oxidation temperature more 

intensively will not only reduce the water content outside the coal, it will also reduce the water content 

inside the coal. Figure 2a also shows that coal with a high water content will be easier to oxidize than coal 

with a low water content. Low rank coal, such as lignite and sub-bituminous, has a high water content and 

is easier in the process of self-heating and spontaneous combustion which causes higher methane emissions, 

whereas high rank coal, such as bituminous and anthracite, has a higher water content. low levels, it will be 

more difficult for self-heating and spontaneous combustion to occur and the methane gas emissions formed 

will be smaller. Therefore, the organic sulfur content factor plays an important role in the formation of 

methane gas emissions. High organic sulfur content will cause higher methane gas emissions as well. The 

reality in the field shows that BB52HS has a high sulfur content which produces high methane gas emissions 

and is very easy to self-heat and spontaneous combustion with 37 hotspots while BB52LS only has 9 

hotspots. 
 

Figure 2a. The relationship between water content and methane gas emissions 

 

6. There are some spelling mistakes and grammatical issues in the document. Please check and modify it 

carefully. 

Answer: 

The author will correct spelling and grammatical errors in the document, thank you 

 

Reviewer: 2 

 

Comments to the Author 

This paper presents an experimental study on the effect of differences in organic sulfur content in the form 

of carbon disulfide on the formation of methane gas emissions in the spontaneous combustion of sub- 

bituminous C coal in the temporary stockpile. The research topic fits into the scope of Environmental 

Pollutant and Bioavailability journal. However, the literature review could be expanded and the discussion 

could be enhanced in some areas. Specific comments below: 

1. There are previously published papers regarding this research as you mentioned in your paper. 

Highlight how your paper differs from them. Please clarify the research purpose of this study with the 

difference from previous papers. 

Answer: 

The current research is different from the location aspect where previous research was carried out in the 

laboratory with samples from the field while this research was carried out directly in the field. Materially, 



the research variables involve methane gas emissions, temperature, time, and organic sulfur content, 

especially CS2 compounds in C-S bonds. Previous research only discussed the relationship patterns between 

certain variables but did not directly discuss the comprehensive mechanism for methane gas emissions from 

the beginning of the self-heating process and spontaneous combustion of coal, which is a research gap in 

this research. 

 

2. Table 1: Please provide abbreviations (TM, IM, VM, FC, TS, and GCV). 

Answer: 

The abbreviations have been corrected, thank you 

 

3. Tables 1 and 2: Coals’ names have different spacing. BB 52 LS <-> BB52HS 

Answer: 

The spacing difference has been fixed which should not be a space thank you 

 

4. Figure 5 cannot be found in the text. 

Answer: 

Figure 5 has been included in the text, thank you 

 

5. Which has a greater effect on spontaneous combustion: the moisture content of coal or the sulfur 

content? Please explain in detail. A comparison of more types of coal samples is likely needed to 

determine the effects of moisture and sulfur content on spontaneous combustion. This study compared 

only two coal samples, with one type having more moisture and less sulfur. 

Answer: 

Water content is one of the initial triggers in the self-heating and spontaneous combustion process which 

causes the formation of SO2, H2S and H2 gases, while the organic sulfur content from CS2 compounds in 

the C-S bonds of coal will react with H2S and H2 gases to form methane gas emissions. Therefore, the water 

content in coal is very important as an initial trigger for self-heating and spontaneous combustion. This 

research is intended to study only C sub-bituminous coal with different organic sulfur contents. The 

temporary stockpile in Banko Barat has sub-bituminous coal grade C with different organic sulfur and 

calorie contents. The self-heating and spontaneous combustion hotspots that occurred at this location were 

46 hotspots consisting of 9 hotspots for low organic sulfur content (BB52LS) and 37 hotspots for high 

organic sulfur content (BB52HS). Therefore, in this study, sub-bituminous coal grade C was divided into 

two groups, consisting of low organic sulfur content (BB52LS) with a sample size of 9 hotspots and high 

organic sulfur content (BB52HS) with a sample size of 37 hotspots. This research really attracted the 

author's attention with the question that arises is why in one temporary stockpile 46 hotspots occurred where 

9 hotspots (BB52LS) only occurred in 9 hotspots while BB52LS occurred in 37 hotspots? 

 

6. Please explain the physical meaning of the slope in Figures 4 and 5 respectively and provide further 

discussion regarding it. 

Answer: 

Figure 4 and Figure 5 show the respective relationships between temperature and time of self-heating and 

spontaneous combustion of coal on the formation of methane gas emissions. Both figures show the same 



pattern, namely that increasing temperature and time will increase methane gas emissions. Figure 4 and 

Figure 5 can show the magnitude of methane gas emissions (ppm) against temperature (oC) and time 

(minutes) or can be written as ppm/oC and ppm/minute respectively. Figure 4 shows that for every 1oC 

increase, the formation of methane gas emissions (ppm) for BB52LS is faster than for BB52HS. This is 

because the water content and organic sulfur content in BB52LS coal is less than for BB52HS, which causes 

the temperature to rise quickly. Figure 5 shows the same pattern as Figure 4 where for every 1 minute 

increase in time, the formation of methane gas emissions (ppm/minute) of BB52LS is faster than BB52HS 

because the water content and organic sulfur content of BB52LS is less than BB52HS. Therefore, the 

variables of time, temperature, water content, and sulfur content are very influential in the formation of 

methane gas emissions in the self-heating and spontaneous combustion processes. 
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Response from the editor and reviewer comments: 

 

Reviewer: 1 

 

Comments 1 and 3 

In Figure 1, the size of chamber and coal pile should be described in detailed, and the locations 

and parameters of thermometer and multigas detector should be labeled. Moreover, the photo of 

the experimental device is suggested to supplement. 

What is the coal sample loading capacity? It is a vital determining parameter on methane gas 

emission, please check and supplement. 

 

Answer: 

I answered questions 1 and 3 into the following 

The size of the chamber is divided into two parts, namely: the lower part is a rectangular box with 

dimensions of 45 cm x 45 cm x 50 cm with a volume of 101,250 cm3 and the upper part is a 

rectangular pyramid with dimensions of 45 cm x 45 cm x 10 cm with a volume of 6,750 cm3 and 

the total chamber volume is 108,000 cm3. The size of the chamber and coal pile is adjusted to the 

self-heating and spontaneous combustion hotspot of 2,025 cm2 in accordance with the bottom area 

of the chamber of 45 cm x 45 cm. The average capacity of coal samples in self-heating and 

spontaneous combustion hotspots is 8,375 cm3 or cone-shaped with a height of 20 cm and a 

diameter of 20 cm. Samples were taken at a self-heating and spontaneous combustion hotspot in 

the temporary stockpile in the West Banko mining area. We have the explanation into the text. 

 

Comment 2 

What is the range of temperature for the experimental tests? How about the accuracy of the 

thermometer and detector? Please check and supplement. 

Answer: 

The infrared thermometer used, the GM 550 type, has a temperature range of -50 oC - 550 oC with 

an accuracy level of 1.5 oC or 1.5%, while the accuracy level of the Altair 4X multigas detector 

has been calibrated before measuring methane gas emissions in the field according to the 

instructions or equipment manual. We have added it to the text. 
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