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 ABSTRACT  

 

Gas sorption capacity in coals is a well-researched topic, yet the complexity of experimental 

setups often limits detailed reporting. Understanding coal gas adsorption and seam gas content 

is essential for predicting and preventing mine gas outbursts and explosions. Therefore, 

characterizing coal samples based on their adsorption capacities is crucial. This study explores 

the adsorption of nitrogen, carbon dioxide, and methane across different coals and plots 

isotherms to assess the impact of gas type, pressure, and coal quality parameters. Results 

indicate that methane can adsorb even at low pressures in the Dursunbey sample, while higher 

pressures are required for carbon dioxide and nitrogen. The study also finds a strong correlation 

between Langmuir volume and ash percentage on an original basis, with nitrogen showing the 

highest correlation (R² = 0.7), followed by methane (R² = 0.69). Carbon dioxide, however, 

exhibits a weaker correlation (R² = 0.44). 

 

 
Keywords: Adsorption-desorption, Coal, Proximate analysis, Lignite, Ash, Moisture, 

Methane  

 

1 INTRODUCTION 

The gases formed in the coals are first dissolved on the surfaces by adsorption and in 

cases where the gas pressure is high, they dissolve in the water in the structure of the coal and 

are trapped and accumulate in the pores and cracks. It can be said that adsorption is the most 

effective mechanism for gas accumulation in coal. 
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Determining the gas adsorption or gas holding capacity of coal is critical to the safe 

conduct of mining operations. Gas adsorption to coal directly affects the stability of 

underground mines, the release of harmful gases and the environmental impact of coal mining 

operations. By determining the gas adsorption characteristics of coals and understanding the 

importance of this issue, effective safety measures and sustainable mining practices will be 

easier and faster. The gases formed in coals are first adsorbed on the surfaces through 

adsorption. In cases where the gas pressure to which the coal is exposed is high, the gas 

dissolved in the water in the coal structure is trapped in the pores and cracks in the coal structure. 

Gases are found in coal beds as both adsorbed and free gases [1]. Gases can also be compressed 

in pore spaces, condensed as solid or liquid, dissolved in the coal structure or adsorbed on 

surfaces [2]. Coal contains gases, mostly methane, due to biogenic and thermogenic processes 

that occur during coalification [3], and as a result, these gases are stored in coal seams [4]. The 

water solubility of gases decreases with increasing temperature and increases with increasing 

pressure. 

Pores are openings or voids of various shapes and sizes in the matrix of a coal. These 

voids are either closed and isolated from other pores or connected to other pores [5]. Pores are 

categorized into 3 groups according to their size [6] [7] [8].  

-Micro pores (pores smaller than 2 nm in size in coals with carbon content between 85-

91%),  

-Transitional (meso) pores (pores between 2-50 nm in size in coals with carbon content 

between 75-84%),  

-Macropores (pores larger than 50 nm in size in coals with carbon content below 75%). 

Young coals have high moisture content and porosity. As the carbon content in coal 

increases, porosity decreases and reaches its lowest value around 85% carbon. The average 

porosity of lignite is between 27-35%. Coals with high porosity are more easily oxidized and 

emit more volatiles under temperature. The distribution of pores in a coal matrix, adsorbed gas 

molecules and the types of cracks in the coal are given in Figure 1 [5] [7].  
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Figure 1. A cross-section of the clastic system and molecular internal structure of coal [7]. 

Gas adsorption on coal is influenced by the specific properties of the coal. Studies have 

confirmed that coal condition and coal type, as well as moisture content, ash yield, mineral 

content, and coal pore distribution have effects on adsorption. According to Perera et al. [9], 

gas adsorption in coal is determined by various factors, including the properties of the coal 

seam (such as composition, moisture content, temperature, and pressure) as well as the 

characteristics of the adsorbed gas. A detailed review of these studies showed that the degree of 

coal metamorphism [10], pressure [11], temperature [12], pore space, ash, moisture [13] and 

burial depth [14] greatly affect the coal-CH4 adsorption process. Adsorption pressure 

contributes significantly to the gas adsorption process to coal, but the development of the 

adsorption process varies in the same pressure gradient [15]. In terms of CH4 adsorption on coal 

under the influence of temperature, it is generally believed that the adsorption amount gradually 

decreases with the increase in temperature. Zhang et al. [16] confirmed through variable 

temperature adsorption experiments that the adsorption capacity of coal is inversely 

proportional to temperature. Charrière et al. [17] studied the sorption properties of bituminous 

coals for CO2 and CH4 in the temperature range of 283.15-333.15°K and found that increasing 

temperature shortens the time to reach sorption equilibrium [18]. Han vd. [19] investigated the 

adsorption properties of CO2 and CH4 on coal samples with six different particle sizes ranging 

from 0.063 to 3 mm and showed that the adsorption capacity of coal samples for single 

component gases weakens as the particle size increases [18]. 

Previous investigations, such as those by Florentin [20], have highlighted the 

dependency of adsorption-desorption characteristics on particle size, gas type, and temperature. 

In this study, proximate analyses and adsorption-desorption experiments were conducted on 

lignite samples to evaluate their gas retention properties. Langmuir isotherms and parameters 

were determined for CO2, CH4, and N2, and their relationships with coal quality parameters 
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were analyzed to assess implications for methane recovery, coalbed methane extraction, and 

CO2 sequestration. 

2 MATERIAL AND METHOD 

In the experimental studies, coal samples were collected from eight different enterprises 

in Türkiye, namely Saray, Dursunbey, Milas-Ekizköy, Yatağan, Çayırhan, Ilgın, Ermenek, and 

Gürmin-Merzifon, the locations of which are presented in Figure 2. These samples were 

subjected to detailed analysis to assess their properties. In terms of sample preparation, 

collected samples were crushed and screened to have samples under the sieve size of 18 mm, 

i.e. -18 mm. In order to be better clear in this context, samples analyzed in terms of the 

adsorption desorption experiments have %100 undersize fraction of 18 mm. In addition, 

samples have not been objected to any dehumidification process, i.e. they are not oven nor air 

dried. They are the run of mine samples from the mines collected from each location as 

mentioned in Figure 2. 

 

Figure 2. Geolocation map showing the regions of the samples used in the study. 

2.1 Proximate Analyzes 

Proximate analyses of the coal samples were meticulously carried out following the 

guidelines of the relevant standards. These analyses included moisture content determination 

(ASTM D3173), ash content measurement (ASTM D3174), volatile matter determination 

(ASTM D3175), calculation of fixed carbon content, total sulfur content analysis (ASTM 

D3177), and calorific value assessment (ASTM D5865). Each parameter was evaluated with 

precision to ensure accurate characterization of the coal samples' physical and chemical 

properties, providing a comprehensive understanding of their quality and usability. 
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2.2 Adsorption and Desorption Experiments 

Adsorption and desorption experiments were carried out in the schematic experimental 

setup given in Figure 3 (previously described in the study of Bilen [21] and Bilen and Kizgut 

[22]. 

 

Figure 3. Schematized experimental set-up. 

The temperature effect in the adsorption process is quite high, so two temperature 

sensors (Pt100) embedded in the water bath are supplied and connected to the analog converter. 

A visual of the laboratory where the adsorption and desorption experiments were carried out is 

presented in Figure 4. 

 

 

a) b)  

Figure 4. A visual of the laboratory where adsorption & desorption experiments were 

performed, (a) complete experimental set-up, (b) each gas connection and valves. 
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The adsorption-desorption experiments were conducted under controlled laboratory 

conditions, with temperature fluctuations maintained within ±0.5°C. Humidity was also 

monitored and controlled to prevent any unintended variations in coal moisture content. The 

calibration of the pressure sensors and gas flow meters was performed using standard 

calibration gases, ensuring accuracy in gas adsorption measurements. 

The selection of a -18 mm sample size was based on industry-standard procedures for 

adsorption-desorption studies, ensuring uniformity in particle size distribution while preventing 

excessive fragmentation, which could alter surface area and pore structure. The constant 

temperature of 20°C was chosen to maintain consistency with previous studies and to reflect 

typical underground coal mine conditions where adsorption occurs. 

3 RESULTS AND DISCUSSION  

Proximate analysis results of lignite samples are given in Table 1 and Table 2. The 

experimentally obtained CH4, CO2 and N2 gas adsorption & desorption graphs of the studied 

coal samples are given in Figure 5 - Figure 12. 

 

Figure 5. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Çayırhan sample. 

 

Figure 6. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Dursunbey sample. 
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Figure 7. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Ermenek sample. 

 

Figure 8. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Gürmin-Merzifon sample. 

 

Figure 9. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Ilgın sample. 

 

Figure 10. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Milas Ekizköy sample. 
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Figure 11. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Saray sample. 

 

Figure 12. Experimentally obtained a) CO2 b) CH4, c) N2 gas adsorption & desorption 

graphs of Yatağan sample. 

 

Table 1. Proximate analysis results of the Saray, Dursunbey, Milas-Ekizköy and Yatağan 

coded lignite samples. 

Analysis 

Saray  Dursunbey  Milas-Ekizköy  Yatağan  

Original 

Basis  

Dry 

Basis  

Original 

Basis  

Dry 

Basis  

Original 

Basis  

Dry 

Basis  

Original 

Basis  

Dry 

Basis  

Total Moisture 

(%)  
43.52  -  8.76  -  30.92  -  26.32  -  

Ash (%)  8.21  14.53  22.68  24.86  9.03  13.07  11.77  15.97  

Volatile Matter 

(%)  
27.09  47.96  33.02  36.19  34.89  50.51  38.78  52.63  

Fixed Carbon 

(%)  
21.19  37.51  35.54  38.95  25.16  36.42  23.14  31.40  

Total Sulfur 

(%)  
2.26  4.01  5.47  6.00  3.18  4.60  2.58  3.50  

Upper 

Calorific Value 

(kcal/kg)  

2936  5198  4731  5185  3614  5231  3657  4963  

Lower 

Calorific Value 

(kcal/kg)  

2801  4960  4551  4988  3438  4978  3466  4705  
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Table 2. Proximate analysis results of the lignite samples coded Çayırhan, Ilgın, Ermenek 

and Gürmin-Merzifon. 

Analysis  

Çayırhan  Ilgın  Ermenek  Gürmin-Merzifon  

Original 

Basis  

Dry 

Basis  

Original 

Basis  

Dry 

Basis  

Original 

Basis  

Dry 

Basis  

Original 

Basis  

Dry 

Basis  

Total 

Moisture (%)  
26.74  -  38.32  -  16.32  -  2.14  -  

Ash (%)  19.52  26.64  23.91  38.77  22.07  26.37  44.06  45.02  

Volatile 

Matter (%)  
28.29  38.62  30.06  48.73  33.04  39.48  28.29  28.91  

Fixed Carbon 

(%)  
28.38  38.74  7.71  12.50  28.58  34.15  25.51  26.07  

Total Sulfur 

(%)  
3.41  4.66  3.48  5.65  3.86  4.61  2.65  2.71  

Upper 

Calorific 

Value 

(kcal/kg)  

3601  4915  2024  3282  3867  4621  3521  3598  

Lower 

Calorific 

Value 

(kcal/kg)  

3449  4708  1894  3071  3703  3703  3361  3435  

3.1 Langmuir Isotherms and Langmuir Parameters 

In this section, Langmuir isotherms were drawn on a coal sample using Equation 1 and 

Langmuir parameters were found. For this purpose, data obtained from adsorption experiments 

were used. Langmuir curves were not drawn due to the low number of pressure stages (4 

pressure values, 8, 16, 24, 32 bar) for the desorption process. According to this equation, a linear 

line is obtained if P/V is plotted against P. The slope of the line gives 1/Vm and the point where 

it intersects the ordinate gives 1/(bVm). 

𝑃

𝑉
=

𝑃𝐿

𝑉𝐿
+

𝑃

𝑉𝐿
 (1) 

where  

P: Pressure , V: Volume , PL: Langmuir Pressure, VL: Langmuir Volume 

In the context of Langmuir isotherms: 

• Vm: This represents the maximum adsorption capacity of the material, which is the 

theoretical volume of gas that the coal sample can adsorb under ideal conditions when the 

adsorption sites are fully saturated. It is often referred to as the Langmuir volume VL in studies. 
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• bVm: This term combines the Langmuir volume (Vm) with the Langmuir affinity 

constant (b), which describes the strength of the interaction between the gas molecules and the 

adsorption sites on the coal surface. The parameter bbb is inversely proportional to the 

Langmuir pressure (PL) and is a measure of how easily the gas is adsorbed onto the coal. The 

term bVm thus reflects the product of the maximum adsorption capacity and the affinity 

constant, contributing to the adsorption equilibrium behavior. As an example, Langmuir linear 

curve of Çayırhan sample for nitrogen gas is given in Figure 13. 

 

Figure 13. Çayırhan Example Langmuir Linear Curve (Nitrogen). 

According to Figure 13, the slope (1/Vm) was found to be 0.0695 and the point 

intersecting the ordinate (1/bVm) was found to be 0.4537. Accordingly, the 1/b value was found 

as 6.534, while the b value was determined as 0.153. Accordingly, if 1/bVm is considered as 

PL/VL, and 1/Vm is considered as 1/VL, PL and VL are easily found. For the Çayırhan sample, 

the PL value was 6.53 bar and the VL value was 14.4 m3/t. Similarly, Langmuir parameters of 

nitrogen, carbon dioxide and methane gases of studied lignite samples were found and tabulated 

(Table 3). 

Table 3. Langmuir Parameters, PL and VL. 

Samples 
Nitrogen  Carbondioxide  Methane  

PL (bar)  VL (m3/t)  PL (bar)  VL (m3/t)  PL (bar)  VL (m3/t)  

Çayırhan  6.53  14.40  9.21  31.47  8.76  21.48  

Dursunbey  10.32  15.79  16.08  38.89  5.53  19.90  

Ermenek  1.12  12.14  3.81  27.89  3.61  19.56  

Gürmin-Merzifon  3.73  7.72  3.15  17.18  6.83  13.52  

Ilgın  1.23  11.89  5.79  30.59  9.40  22.25  

Milas-Ekizköy  2.86  14.39  4.81  28.96  4.14  20.88  

Saray  4.21  16.02  11.54  38.54  16.42  27.17  

Yatağan  2.80  13.53  4.45  28.53  6.34  20.73  
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When the Langmuir parameters obtained for nitrogen gas were examined, it was 

determined that the VL and PL values of the Dursunbey sample were the highest among all 

samples. This is also true for carbon dioxide gas. However, when Langmuir parameters of 

methane gas are examined, it is seen that the VL value of the Dursunbey sample is not the 

highest among the samples, while the Saray sample has the highest PL value and the Ilgın 

sample has the highest VL value. With a maximum adsorbing amount of approximately 20 m3/t 

(VL for methane gas), the pores of the Dursunbey sample with a volume of approximately 10 

m3 per ton are filled with methane gas at 5.5 bar levels. This value is the lowest among the 

methane gas PL values after Ermenek and Milas Ekizköy samples. These values can be 

explained by the methane gas adsorption susceptibility of the samples (methane gas affinity). 

When the petrographical analysis results are examined, the vitrinite percentages of Dursunbey, 

Ermenek and Milas Ekizköy samples are 78% and above (Dursunbey 85%, Ermenek 78% and 

Milas Ekizköy 86%). Dursunbey, one of the examples, has come to the fore in recent years in 

our country as a place where methane gas-related accidents have occurred. The high methane 

adsorption capacity of this sample and the low PL (pressure equivalent to half the Langmuir 

volume) value, which is one of the Langmuir parameters, and the difference in PL and VL 

values for a single methane gas compared to other gases necessitate a separate evaluation of the 

Dursunbey sample regarding methane gas. The differences in the coal matrix (pore structure) 

of the aforementioned Dursunbey sample are also suitable for the methane gas adsorption 

process. It is thought that the coal matrix and the changes in the coal matrix by adsorption 

(swelling in the coal matrix) are effective in this process. Pillalamarry et al. [23] stated that they 

saw a negative correlation between diffusion coefficients and pressures at pressure values below 

35 bar. This shows that the methane moves freely in the coal matrix with the pressure drop and 

the diffusion coefficient is high at low pressures. For the Dursunbey sample, the low methane 

gas PL value compared to the high nitrogen and carbon dioxide gas PL values shows that the 

diffusion coefficient is higher for this sample at low pressures. It can be said that for Ermenek 

coals with the lowest PL value (for methane gas), the diffusion coefficient of methane gas is 

high at low pressures. In our country, there have been accidents related to methane gas in the 

coals of the Ermenek basin in the past years, resulting in loss of life. 

When the adsorption process and Langmuir parameters were examined carefully, 

different capacities were determined depending on the structural differences of the coals and 

the gas type, and different Langmuir pressure and volume values were determined as 

parameters. However, the point to be noted here is that the maximum amount of methane gas 
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adsorption of lignite samples varies between 13 and 23 m3 per ton. This value was determined 

as the lowest in Gürmin Merzifon sample (13.52 m3/t) and the highest in Ilgın sample (22.25 

m3/t). However, VL values alone are not sufficient for the evaluation of the methane gas 

adsorption of the samples. Samples with both high VL values and low PL values can be 

considered as examples that may cause problems in terms of methane gas. For example, 

Dursunbey Ermenek and Milas Milas– Ekizköy samples stand out in this sense as both their 

Langmuir pressures are low and their Langmuir volumes are around 20 m3/t. Among the 

samples, it was determined that Saray sample had the highest PL and VL values in terms of 

methane gas. Although this indicates that methane gas is adsorbed at high pressures, the high 

Langmuir volume indicates that the Saray sample may be the subject of alternative studies such 

as underground coal gasification and obtaining methane from the coal bed, as well as traditional 

coal mining. When evaluated from this point of view, the replacement of carbon dioxide and 

methane seems possible for the Saray example compared to methane gas (low carbon dioxide 

gas PL value). 

Gürmin Merzifon sample (VL=7.7 m3/t) was determined as having the lowest nitrogen 

gas adsorption (in terms of VL value). The PL value of Gürmin Merzifon sample was 

determined as 3.7 bar. In terms of PL value, the lowest value was determined in the Ermenek 

sample. The PL and VL values for nitrogen gas in this example are 1.12 bar and 12.14 m3/t, 

respectively. When nitrogen gas is considered, the Dursunbey sample has the highest PL value 

(10.32 bar), while the Saray sample has the highest VL (16.02 m3/t). Considering the nitrogen 

adsorption values, the porosity of the samples can be commented on. Since the molecular 

diameter of nitrogen gas is 1.55 A°, when the adsorbed amount (on mole basis) is considered, 

correlations can be made between the porosity and the surface areas of the samples. It is 

understood that the surface areas of the Saray and Dursunbey samples, which have the highest 

Langmuir volume, are larger than the other samples. Likewise, it can be said that the structures 

of Dursunbey and Saray examples, which have more surface areas, are more porous than the 

other examples. Both surface area and porosity of Gürmin Merzifon sample are less than other 

samples. 

The Saray sample exhibits the highest methane Langmuir parameters (PL = 16.42 bar 

and VL = 27.17 m³/t), along with significant nitrogen and carbon dioxide adsorption capacities 

(PL = 4.21 bar and VL = 16.02 m³/t for nitrogen; PL = 11.54 bar and VL = 38.54 m³/t for carbon 

dioxide), correlating with its high total moisture content (43.52%). In contrast, Gürmin-

Merzifon has the lowest moisture content (2.14%), accompanied by the lowest methane 
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adsorption capacity (PL = 6.83 bar and VL = 13.52 m³/t) and relatively low values for nitrogen 

(PL = 3.73 bar and VL = 7.72 m³/t) and carbon dioxide (PL = 3.15 bar and VL = 17.18 m³/t). 

Meanwhile, Dursunbey stands out with the highest carbon dioxide adsorption parameters (PL 

= 16.08 bar and VL = 38.89 m³/t) and also shows notable adsorption for nitrogen (PL = 10.32 

bar and VL = 15.79 m³/t) and methane (PL = 5.53 bar and VL = 19.90 m³/t), despite having the 

lowest moisture content among the samples (8.76%). On the other hand, Ilgın shows strong 

methane adsorption (PL = 9.40 bar and VL = 22.25 m³/t), while its nitrogen and carbon dioxide 

adsorption capacities are moderate (PL = 1.23 bar and VL = 11.89 m³/t for nitrogen; PL = 5.79 

bar and VL = 30.59 m³/t for carbon dioxide). These results highlight the varying adsorption 

behaviors and moisture contents of the lignite samples. 

When the parameters obtained for carbon dioxide gas adsorption were evaluated, the 

highest PL and VL values were determined for the Dursunbey sample (PL=16.1 bar and VL 

=38.9 m3/t). Similarly, the lowest PL and VL values for carbon dioxide gas were determined in 

the Gürmin Merzifon sample (PL=3.2 bar and VL =17.2 m3/t). Information can be obtained for 

applications such as carbon dioxide gas adsorption capacities and carbon dioxide storage. In 

this context, the example of Gurmin Merzifon is the example where carbon dioxide can be 

stored at the lowest pressures. Similarly, Dursunbey has the highest carbon dioxide adsorption 

capacity. The Dursunbey example is considered as an example that has the potential to be 

evaluated in terms of underground coal gasification, obtaining methane from coal beds and 

carbon dioxide storage. 

The findings related to the Dursunbey sample indicate a significant risk associated with 

methane desorption under pressure drops. The high methane adsorption capacity (VL = 19.90 

m³/t) and the relatively low Langmuir pressure (PL = 5.53 bar) suggest that methane is readily 

stored within the coal matrix but can also be rapidly released when pressure decreases. This 

characteristic increases the likelihood of sudden gas emissions, which is a critical hazard in 

underground coal mining. The history of methane-related incidents in the Dursunbey region 

aligns with these findings, emphasizing the necessity for proactive gas drainage and monitoring 

systems to mitigate the risk of outbursts. Additionally, the differences in Langmuir parameters 

among the studied samples highlight the role of coal matrix composition and porosity in 

governing methane desorption behavior, reinforcing the need for site-specific risk assessments 

in mining operations. 
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3.2 Interrelationships Between Langmuir Parameters and Coal Quality 

Parameters 

In this section, the coal quality parameters and the Langmuir parameters obtained will 

be compared and the test results will be correlated. 

In addition, possible relationships between the results of the proximate analysis of coal 

samples and Langmuir parameters were similarly investigated. The relationships between the 

results of the proximate analysis of the coal samples and the Langmuir parameters gave more 

significant (with higher correlation coefficient) results than the relationships between the 

analysis results on the dry basis and these parameters. In all data, coal ash and fixed carbon 

content are given according to the original basis. In this context, the most significant results 

were obtained for each sample and gas between Langmuir volume and ash. These relationships 

between Langmuir volumes and ash are given in Figure 14, Figure 15 and Figure 16. 

 

Figure 14. Relationship between Langmuir parameter VL (Nitrogen) and Ash (%, on 

original basis). 

 

Figure 15. Relationship between Langmuir parameter VL (Carbon Dioxide) and Ash (%, on 

original basis). 
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Figure 16. Relationship between Langmuir parameter VL (Methane) and Ash (%, on 

original basis). 

According to Figure 14-Figure 16, it was observed that Langmuir volumes increased as 

the ash percentages of the samples decreased. In particular, the relationship between the 

Langmuir volume results of nitrogen gas and ash has the highest correlation coefficient (R2=0.7) 

observed in this context. Similarly, a similar correlation (R2=0.69) was observed between 

Langmuir volumes of methane gas and ash. Another of these relationships, the Langmuir 

volume of carbon dioxide gas, did not show a significant relationship as expected, and a 

correlation of 0.44 (R2=0.44) was observed between ash and Langmuir volume (VL). 

Similarly, Langmuir pressure and proximate analysis results were compared, and here 

the relations of nitrogen gas with fixed carbon carbon dioxide and methane gas with total sulfur 

were relatively more significant (higher correlation coefficient) than other analysis results. has 

given. These aforementioned relationships are presented in Figure 17, Figure 18 and Figure 19, 

respectively. 

 

Figure 17. Relationship between Langmuir parameter PL (Nitrogen) and Fixed Carbon (%, 

on original basis). 
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Figure 18. Relationship between Langmuir parameter PL (Carbon Dioxide) and Total 

Sulfur (%, on original basis). 

 

Figure 19. Relationship between Langmuir parameter PL (Methane) and Total Sulfur (%, 

on original basis). 

In this context (Figure 17-Figure 19), the best relationship was observed between 

nitrogen gas Langmuir pressure and fixed carbon. An increase in Langmuir pressure (nitrogen) 

was observed as the fixed carbon values increased in the samples examined. The results 

obtained in this context, Duda et al. [24], a U-shaped relationship with fixed carbon has been 

evaluated by many researchers [25] [26] [27]. Therefore, it has been seen in the relatively results 

that the nonlinear (Figure 17) relationship with the carbon content is consistent with the 

literature and that the Langmuir pressure first decreases and then increases with the increase of 

the carbon content. When the gas adsorption amounts to the coals are evaluated (m3/t), it has 

been observed that carbon dioxide gas has the highest, nitrogen gas the lowest and methane has 

values between them. In addition, the adsorption amounts of methane gas at different 

temperatures were compared in the literature [9] [28], but since the temperature was kept 

constant at 20 °C (293 °K) in this study, a comparison could not be made with the result stated 

in the literature. However, there was no need for experimental evidence in this sense, since it 

would not be difficult to predict that the amount of adsorption will decrease with (increasing) 
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temperature and that the gases attached to the pores will be released to the environment more 

with temperature. In the literature, ash percentages and carbon dioxide adsorbed volumes were 

compared and it was observed that increasing ash amount decreased the adsorbed amount of 

carbon dioxide gas. A similar relationship (Langmuir volumes and ash percentages) is given in 

Figure 14, Figure 15 and Figure 16. According to these relations given, Langmuir volumes (the 

volume of gas to be adsorbed at maximum pressure) were found to be high when ash was low 

and low when high. The Langmuir volume values of the coal samples with high ash content 

were determined as low, and the result was obtained which is in line with the literature. Again, 

a similar study was conducted on South Wales coals belonging to methane gas adsorption [29] 

[30]. In literature it was shown that high adsorbed volume (methane) when ash is 1.99% and 

low adsorbed volume (methane) when ash is 90.27%. In our samples, the maximum volumes 

of methane gas (VL) to be adsorbed significantly decrease with the increase in the amount of 

ash. This obtained relationship (Figure 16) has a correlation coefficient of 0.68 (R2=0.68) and 

is considered to be significant when compared with the literature. 

The presence or absence of these relationships will be decided more clearly by 

increasing the number of samples. However, differing associations and varying correlation 

coefficients in different gases will make it possible to make inferences about which parameters 

are effective in the gas adsorption desorption process to these coals. 

4 CONCLUSION AND SUGGESTIONS 

This study provides valuable insights into the adsorption and desorption characteristics 

of nitrogen, carbon dioxide, and methane in lignite samples, aligning with findings in the 

existing literature. The results indicate that carbon dioxide exhibits the highest adsorption and 

desorption capacity at all pressure levels, while methane surpasses nitrogen in adsorption 

capacity, except at low pressures. These findings emphasize the importance of understanding 

gas behavior in coal seams, particularly in relation to safety risks and resource utilization. 

From an industrial perspective, the characterization of Langmuir parameters in the 

studied lignite samples offers practical implications for both methane management and carbon 

dioxide sequestration. The potential for methane recovery from coal seams presents an 

opportunity to enhance energy production while simultaneously reducing greenhouse gas 

emissions. At the same time, identifying coal seams with high CO₂ adsorption capacity supports 

sustainable carbon storage initiatives. These insights could inform industry stakeholders, 
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including mining companies and regulatory bodies, in optimizing gas drainage strategies and 

developing more effective safety protocols in underground mining operations. 

To enhance workplace safety, mining companies should integrate site-specific gas 

monitoring systems that account for variations in methane desorption behavior, particularly in 

regions like Dursunbey, where low Langmuir pressure values indicate a higher risk of sudden 

methane release. Proactive gas drainage, ventilation improvements, and continuous monitoring 

should be prioritized to mitigate explosion hazards. Additionally, policymakers should consider 

the potential of lignite-based carbon sequestration projects in climate action plans, leveraging 

coal seams for long-term CO₂ storage. 

For researchers, future studies should focus on refining the predictive modeling of gas 

adsorption and desorption under varying geological conditions. Expanding experimental 

datasets, incorporating petrographic analyses, and conducting field-scale trials will further 

validate the applicability of these findings in real-world mining environments. Moreover, 

interdisciplinary collaborations between mining engineers, geologists, and environmental 

scientists will be crucial in translating laboratory-scale insights into actionable strategies for 

sustainable resource management. 

Ultimately, this study provides a foundation for both improving safety in coal mining 

and advancing cleaner energy initiatives. By integrating these findings into industrial practices 

and policy frameworks, the coal sector can move toward more efficient, sustainable, and safer 

resource extraction and utilization. 
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