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ABSTRACT:  7 

In this paper, the physical adsorption characteristics of oxygen in coal pores were systematically 8 

investigated by the Grand Canonical Monte Carlo and the COMPASS force field. Firstly, coal pore 9 

structures of different sizes were constructed by graphite slit models and different groups. Secondly, the 10 

physisorption behavior of oxygen in graphite slit models of different sizes was simulated. Finally, the 11 

physisorption behavior of oxygen in graphite slit models at different pressures and temperatures was 12 

analyzed. The results showed that the physisorption density and excess physical adsorption of oxygen 13 

were divided into the rapidly decreasing stage (0.4-0.7 nm), the slowly decreasing stage (0.7-1.4 nm), 14 

and the stable stage (1.4 nm-5 nm) with the increase of coal pores, and the excess oxygen physisorption 15 

amount was more sensitive to the change of pressure. The O2 isosteric heat of physisorption decreased 16 

with increasing pore size of coal. Oxygen is more strongly adsorbed by hydroxyl and ether bonds than 17 

by methyl, carboxyl and carbonyl groups. Through this study, the mechanism of oxygen physical 18 

adsorption in coal pores and the characteristics influenced by temperature and pressure can be better 19 

understood. 20 

Keywords: Oxygen; Physisorption; GCMC; Coal pore 21 

1 Introduction 22 



Coal resources in the mining, transportation, storage process is prone to coal spontaneous 23 

combustion and thus cause fires[1], the annual loss due to coal fires as much as $ 200 million[2]. The 24 

problem of coal fires is becoming increasingly serious as coal resources increase in reserves[3]. The 25 

initial stage of coal spontaneous combustion for mainly has oxygen diffusion into the pores of coal, and 26 

the occurrence of physical and chemical adsorption on the surface of coal, thus causing the low- 27 

temperature oxidation reaction of coal[4, 5]. Therefore, in order to prevent oxygen adsorption in the 28 

pores of coal and to prevent spontaneous coal combustion at source, it is necessary to have a better 29 

understanding of the physical adsorption properties of oxygen in the pores of coal. 30 

Coal belongs to porous medium[6, 7], with the continuous development of coal the ratio of each 31 

pore size in coal is constantly changing[8, 9], thus affecting the adsorption of various gases in 32 

coal[10-12]. Scholars have investigated the adsorption characteristics of methane[13], carbon 33 

dioxide[14], carbon monoxide[15], nitrogen[16] and other gases in coal pores by experimental tests and 34 

molecular simulation methods. In particular, coalbed methane reserves and extraction had been studied 35 

by scholars from the perspective of coal pore through the properties of coal[17], ambient 36 

temperature[13], gas pressure[18], etc. With the improvement of computer technology and the 37 

popularization of molecular simulation software, the adsorption behavior of single or multiple 38 

gases[19-21] in coal pores had been analyzed by many researchers through the Grand Canonical Monte 39 

Carlo (GCMC)[22, 23] and Density Flood Theory (DFT) methods[24, 25] used Materials studio[26], 40 

Guassian[27], VASP[28] and other software[29, 30], which included parameters such as adsorption 41 

amount, heat of adsorption, adsorption force, equilibrium distance, etc. The adsorption characteristics 42 

of various gases in coal pores were obtained. During the molecular simulation, it was found that there 43 

were differences in the adsorption characteristics of gases depended on the pore size, group, 44 



temperature, and pressure[13, 31], the reasons for these are also closely related to the size and 45 

interaction potential energy of the gas molecules[14, 32-34]. At the same time, coal is a cross-linked 46 

molecule with high molecular weight[7]. In order to simplify the molecular structure of coal, scholars 47 

mostly adopted the graphite slit model with regular arrangement of carbon atoms to study the effect of 48 

coal pore structure on gas adsorption, and the results obtained by molecular simulation showed good 49 

similarity with the experimental results[35-37]. 50 

In the study of adsorption properties, the pore classification method proposed by Chinese scholar 51 

Yidong Cai is mostly used: micropore (<2 nm), small pore (2-10 nm), medium pore (10-102 nm), large 52 

pore (102-103 nm), very large pore (103-104 nm), and microfracture (>104 nm)[38, 39]. According to 53 

adsorption science, the gas adsorption behavior is influenced by the pore structure distribution 54 

(PSD)[40], and the pore sizes responsible for these effects are mainly in micropores and 55 

micropores[41], while adsorption in mesopores and macropores is not included in the overall gas 56 

adsorption capacity[10]. Where the micropore filling effect causes gas adsorption in micropores and the 57 

surface adsorption effect causes gas adsorption in small pores, and these were derived from a 58 

comprehensive analysis of experiments and molecular simulations[42]. 59 

The literature studied on the adsorption characteristics of oxygen in the pore structure of coal was 60 

few, and most of them derived the macroscopic effect of the coal pore structure on the oxygen 61 

adsorption amount by experimental means, and did not reveal the mechanism of oxygen adsorption in 62 

coal pores from the microscopic molecular level[43-48]. The effect of fractal dimension and pore 63 

volume of the coal pore structure on the adsorption of oxygen by coal was revealed through our 64 

previous work[12]. Meanwhile, Xianzhe Lv et al, used the pore-scale model has been developed by 65 

employing the two-dimensional Sierpinski carpet model in order to study the oxygen adsorption 66 



performance of coal porous media, which was constructed in this paper to model the pore size of coal, 67 

mainly also the fractal dimension and permeability of coal[49]. Hai-hui Xin et al. also analyzed the 68 

adsorption energy and charge changes between oxygen and each group by experimental and density 69 

flooding methods to derive the adsorption sites[50]. 70 

Although researchers had studied the adsorption behavior of methane, carbon dioxide, nitrogen, 71 

oxygen and other gases in coal pores, the adsorption characteristics of oxygen in coal pores under the 72 

combined conditions of pore size, ambient temperature, atmospheric pressure and other parameters of 73 

coal were still absent. And these are important for understanding the mechanism of oxygen adsorption 74 

in coal and proposing reasonable and feasible preventive measures against spontaneous combustion of 75 

coal. Therefore, in this paper, based on the assumption of no chemisorption, the physisorption 76 

characteristics of oxygen in coal pores at the microscopic molecular level were derived by constructing 77 

graphite slit models with sizes ranging from 0.4 to 5 nm at different temperature and pressure 78 

conditions using the standard GCMC method and COMPASS force field. 79 

2 Models and simulation 80 

2.1 Models 81 

The most critical to simulate the adsorption characteristics of gases in coal is the reasonable 82 

construction of molecular models. The numerous slit-type and round-type pore structures below 10 nm 83 

diameter were found on the surface of coal (lignite from the Xilinhot region of Inner Mongolia, China) 84 

by scanning electron microscopy (SEM) techniques, as shown in Figure 1 a-c. When studying the coal 85 

pore structure on gas adsorption characteristics, the graphite slit model was often used[13, 31, 35, 37, 86 

51], as shown in Figure 1 d. 87 



Slit pore

4 nm
10 nm

(a) (b)

(c)
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 88 

Fig. 1 SEM image of coal sample (a), surface image of coal after local magnification of 300 times (b), 89 

representative nano-scale pores in the coal (c), graphite slit model (d). 90 

However, coal molecules contain various types of groups made up of hydrogen and oxygen atoms 91 

in addition to carbon atoms in high content. As shown in Fig. 2, there were five models, which were 92 

methyl model (a), hydroxyl model (b), carboxyl model (c), carbonyl model (d), and ether bond model 93 

(e). 94 

(a) Methyl Group (b) Hydroxyl group

(c) Carboxyl group (d) Carbonyl group (e) Ether bond95 

Fig. 2 Model of graphite slit pores modified by various groups 96 



As in Figure 1(c), the default distance between graphite slit models in the molecular simulation 97 

software was H, but the distance between the pore walls of coal in the actual case was H`, the 98 

conversion equation between H and H` was as follows. 99 

cdHH '                               （1） 100 

Where: dc is the Carbon atomic diameter, 0.34 nm. 101 

2.2 The details of simulation and calculation 102 

The adsorption simulation was performed by GCMC method with graphite slit model as adsorbent 103 

and oxygen molecules as adsorbate, and the Metropolis algorithm[52] was used during the simulation 104 

to keep the chemical potential and volume stable. The total number of simulation steps was positioned 105 

at 6.0×106 in order to achieve thermodynamic equilibrium in the adsorption simulation, with 3.0×106 106 

equilibrium steps to ensure adsorption equilibrium and 3.0×106 production steps to capture the 107 

accurate equilibrium steps. 108 

Molecular dynamics simulations require the selection of a suitable force field for the calculation. 109 

In this paper, we adopted the COMPASS force field, which can accurately and rapidly predict the 110 

structural and thermophysical properties of organic matter and is widely used in the simulation of 111 

coal-related products and their adsorption[16, 27, 29, 53, 54]. The composition of the molecular 112 

potential energy is as follows. 113 

 （2） 

 （3） 

 （4） 

Where the total energy (Etotal) is composed of the valence energy (EVal) and non-bond energy 114 

(ENon). The ENon is constituted by energy of band (EBo), angel (EAn), torsion (ETor), and inversion (EIn), 115 

NonVtotal EEE  al

InTorAnBoVal EEEEE 

hyelecVanNon EEEE 



while the EVal is by energy of Van der Waals (EVan), electrostatic (Eelec), and hydrogen bond (Ehy), the 116 

unit is KJ/mol. 117 

The adsorption of coal molecules on oxygen by van der Waals forces. The van der Waals forces 118 

for non-bonding interactions between homogeneous or heterogeneous molecules in the COMPASS 119 

force field use the Lennard-Jones 9-6 potential energy equation[27]. The Lennard-Jones 9-6 potential 120 

energy equation is as follows. 121 
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where Eij is the Lennard-Jones potential energy, εij is the potential energy trap parameter, rij
0 is the 122 

distance at which the potential energy is lowest, and rij is the distance between the two. 123 

The potential energy of oxygen molecules with coal pore surfaces is calculated by the 10-4-3 124 

model[55]. The calculation formula is as follows. 125 

]2[ 2   sfsfA  （6） 
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Where: ρ is the number density of graphite, 114 nm-3; Δ is the distance between graphite layers, 126 

0.335 nm; z is the distance between different molecules or atoms, nm; σsf and εsf, are the potential 127 

energy parameters between different molecules or atoms, calculated by the Lorenta- Betherlot mixing 128 

rule[56] with the following equations. The Lennard-Jones potential energy parameters of oxygen 129 

molecules and carbon atoms are listed in Table 1. 130 

2）（ ssffsf    （8） 

ffsssf    （9） 

Table 1 Oxygen molecules and carbon atoms adsorption potential energy parameters[57, 58] 131 



Molecules σ, nm ε/k, K 

O2 0.3467 106.7 

C 0.3400 28.0 

In the graphite slit model, both the upper and lower carbon atoms have an action potential with 132 

oxygen. Therefore, the total potential energy in the graphite slit model is the sum of the top and bottom 133 

potentials.The calculation formula is as follows. 134 

)()( zHH sfsf    （10） 

The adsorption equilibrium system obtained by GCMC method simulates the presence of 135 

adsorbed-state gas and free-state gas, and the simulation results in the total adsorption gas amount of 136 

the adsorption system. The real amount of adsorbed-state gas should be the total adsorption gas amount 137 

minus the amount of free-state gas, and the amount of adsorbed gas is called excess adsorption gas[19, 138 

59, 60]. The calculation formula is as follows. 139 

gtotalex Vnn   （11） 

Where: nex is the excess adsorption amount; ntotal is the total adsorption gas amount; V is the total 140 

volume of the adsorption system except for the adsorbent, the volume of the vacuum layer in the 141 

graphite slit model; ρg is the density of the gas phase, which can be calculated by the Peng-Robinson 142 

equation. 143 

3 Results and Discussion 144 

3.1 The distribution of intermolecular potential energy and oxygen density 145 

Figure 3 shows the density distribution characteristics of oxygen in graphite slit pores of different 146 

pore sizes at 298 K and 0.1 MPa. When the pore size was 0.4 nm, there was only one adsorption layer 147 

because the van der Waals radius of oxygen molecules was 1.52 nm[61] and only one layer of oxygen 148 



molecules could be accommodated in that pore. When the pore size was larger than 0.7 nm, there were 149 

two adsorption layers, while the amount of oxygen in the free-state in the graphite slit model kept 150 

increasing.While oxygen was basically physically adsorbed on the graphite surface in the form of a 151 

single layer at atmospheric pressure, when the pressure was increased after 6 MPa oxygen would form 152 

a double layer physically adsorbed on the graphite surface. 153 

 154 

Pore size: 0.4 nm Pore size: 0.7 nm Pore size: 1.4 nm

Pore size: 2 nm Pore size: 0.5 nm

 155 

Figure 3 Physisorption characteristics of oxygen in pores of different sizes (298 K/0.1 MPa). The red 156 

dots are the distribution density of oxygen, and the more dense red dots represent the higher oxygen 157 

density. 158 

Figure 4(a) shown the density distribution of oxygen in graphite slit pores with different pore sizes 159 

at 298 K and 0.1 MPa, which more directly got to express the oxygen distribution in graphite slit pores. 160 

In the 0.4 nm pore, the higher density oxygen physisorption layer was only one layer and had a very 161 

high adsorbed state of oxygen (132.367 g/L), which was significantly greater than the density of 162 

oxygen in the other pores. In the pores from 0.5 to 5 nm, the higher density oxygen physisorption layer 163 

had two layers with the highest values of oxygen in the adsorbed state: 35.214 g/L (0.5 nm), 11.890 g/L 164 

(0.7 nm), 7.675 g/L (1 nm), 6.941 g/L (1.4 nm), 7.084 g/ L (2 nm), 6.819 g/L (5 nm). The physisorption 165 



density of oxygen decreases continuously in the 0.4-1 nm pores, while it remained essentially constant 166 

after 1 nm. 167 

In general, the potential energy of interaction between gas molecules and coal pore surface affects 168 

the adsorption characteristics of gas molecules on coal pore surface. Therefore, the potential energy of 169 

the interaction between oxygen and the surface was calculated as in Figure 4(b) for different pore sizes 170 

of the slit pores. When the physisorption reached dynamic equilibrium, the lowest point of potential 171 

energy between the coal pore surface and oxygen tended to be the location with the highest density of 172 

oxygen in the adsorbed-state, where the force between the coal pore surface and oxygen was the 173 

highest. In the 0.4 nm pore, there was only one potential energy minimum (-16.05084 KJ/mol), so there 174 

was only one layer of adsorbed-state oxygen in the 0.4 nm pore; in the 0.5-5 nm pore, there were two 175 

potential energy minima each: -12.17272 KJ/mol (0.5 nm), -9.76817 KJ/mol ( 0.7 nm), -9.06885 176 

KJ/mol (1 nm), -8.87821 KJ/mol (1.4 nm), -8.81643 KJ/mol (2 nm), and -8.79021 KJ/mol (5 nm). It 177 

was obvious that the trend of potential energy change from 0.4 nm to 5 nm in the pores was similar to 178 

the trend of oxygen density change. 179 



 180 

Figure 4 Oxygen density distribution in different sized slit pores (298 K/0.1 MPa) (a). Intermolecular 181 

potential energy distribution in different sized slit pores (b). 182 

The distribution of oxygen physisorption energy in coal pores of different sizes was inconsistent, 183 

which included the adsorption energy of oxygen molecules in the adsorbed-state (solid to gas) and the 184 

adsorption energy of oxygen molecules in the free-state (gas to gas). It could be seen that in the pores 185 

below 1.0 nm, only the adsorption energy of the adsorbed-state oxygen molecules was available, and 186 

the value and proportion of the physisorption energy was decreasing due to the potential energy. In the 187 

pores above 1.0 nm, the physisorption energy of the adsorbed-state oxygen molecules remained 188 

constant (12 KJ/mol) with the increasing of the pore size but the ratio kept decreasing, while the value 189 

and ratio of the adsorption energy of the free-state oxygen kept increasing. 190 



 191 

Figure 5 Physisorption energy distribution of oxygen in graphite slits of different sizes (298 K/0.1 192 

MPa) 193 

3.2 Effect of pressure on the physisorption of oxygen in different size pores 194 

Figure 6(a) shown the excess oxygen physisorption at 298 K for different pore sizes (0.4 nm-5 nm) 195 

at different pressures (0.01-0.2 MPa). It could be seen that the excess adsorption amount was divided 196 

into three stages with the increase of the pore size of the graphite slit model: 0.4-0.7 nm, 0.7-1.4 nm, 197 

and 1.4-5 nm. in the first stage (0.4-0.7 nm), the excess oxygen physisorption amount decreased rapidly. 198 

In the second stage (0.7-1.4 nm), the excess oxygen physisorption decreased slowly. In the third stage 199 

(1.4-5 nm), the excess oxygen physisorption amount was kept constant. the trend of excess oxygen 200 

physisorption amount was the same for each pressure in the range of 0.01 MPa-0.2 MPa. 201 

Figure 6(b) shows the rate of the increasing of the excess oxygen physisorption in different pore 202 

sizes with increasing pressure at 298 K. When the pressure was increased from 0.01 MPa to 0.1 MPa, 203 

the increment of excess oxygen physisorption in each pore size (mean values of 79% and 47%, 204 

respectively) was greater than the increase in pressure from 0.1 MPa to 0.2 MPa (mean values of 31% 205 

and 22%, respectively). Similarly, the rate of reduction of excess oxygen physisorption in each pore 206 

size for a pressure reduction of 0.01 MPa from 0.1 MPa was greater than that for a pressure reduction 207 

from 0.2 MPa to 0.1 MPa. Therefore the excess oxygen physisorption was vulnerable to pressure 208 



changes when the pressure was below 0.1 MPa. And the rate of change of oxygen in pores below 0.7 209 

nm was lower than that in pores above 0.7 nm under the same pressure variation. Therefore, the excess 210 

oxygen physisorption in the pores below 0.7 nm was less affected by the pressure change than the other 211 

pores. 212 

 213 

Figure 6 Excess oxygen physisorption at 298 K for different pore sizes at different pressures (0.01 MPa 214 

to 0.2 MPa) (a), incremental ratio of excess physisorption amount with increasing pressure(b).  215 

Figure 7 shown the O2 isosteric heat at 298 K for different pore sizes at different pressures (0.01 216 

MPa to 0.2 MPa). it could be seen that the increasing in O2 isosteric heat with the increase in pressure 217 

was small (1.83 KJ/mol). The O2 isosteric heat is affected by the potential energy of the interaction 218 

between oxygen and graphite surface. The value of O2 isosteric heat was the value of the physisorption 219 

heat of oxygen in coal pores. In general, the physisorption heat of oxygen was close to the vaporization 220 

heat of oxygen of 20.61 KJ/mol. The physisorption heats for oxygen in 0.4 nm pores were all higher 221 

than 20.61 KJ/mol, while the others were lower than 20.61 KJ/mol. The physisorption heat decreased 222 

continuously with the increase of the pore, mainly due to the decreasing of the potential energy of the 223 

interaction between oxygen and coal pore surface. 224 



 225 

Figure 7 O2 isosteric heat at 298 K for different pore sizes at different pressures (0.01 MPa to 0.2 MPa) 226 

 227 

3.3 Effect of temperature on the physisorption of oxygen in different size pores 228 

Figure 8(a) shows the excess oxygen physisorption amount at 0.1 MPa for different pore sizes at 229 

different temperatures (288 K to 318 K). It could be seen that the excess oxygen physisorption amount 230 

in the pores of each size was decreasing as the temperature increased. The tendency of the change of 231 

the excess oxygen physisorption amount with the increasing pore size at different temperatures showed 232 

the same tendency as that of the oxygen density change analyzed previously. However, the tendency of 233 

the incremental change in excess oxygen physisorption amount with increasing temperature was 234 

different from the tendency of the change in excess oxygen physisorption amount with increasing 235 

pressure, as shown in Figure 8(b). The temperature sensitivity of excess oxygen physisorption amount 236 

in pores above 0.4 nm and 1.4 nm was relatively lower, and the decreasing rate of excess oxygen 237 

physisorption amount with increasing temperature was less than 19%. The temperature sensitivity of 238 

excess oxygen physisorption amount in 0.5-1.4 nm pores was higher, and the decrease rate of excess 239 

oxygen physisorption amount with the increasing temperature was more than 19%. 240 

The above analysis showed that both the distribution of excess oxygen physisorption amount and 241 



oxygen density were influenced by the potential energy of the interaction between oxygen and coal 242 

pore surface. The excess oxygen physisorption amount in micropores (below 2 nm) decreased with the 243 

increasing micropore size for different temperatures (288 to 318 K) and pressures (0.01 to 0.2 MPa), 244 

and the excess oxygen physisorption amount in small pores (2-5 nm) did not change with the pore size. 245 

 246 

Fig. 8 Excess oxygen physisorption amount at 0.1 MPa for different pore sizes at different temperatures 247 

(288 K to 318 K) (a), reduction rate of excess physisorption amount with increasing temperature（b）.  248 

Figure 9 shown the variation of oxygen density with temperature for different pore sizes at 249 

different temperatures (288 K to 318 K) at 0.1 MPa. As shown in Figure 9(a), there was only one layer 250 

of adsorbed-state oxygen in the 0.4 nm pore, and the density of adsorbed-state oxygen decreased with 251 

the increasing of temperature, in which the density of adsorbed-state oxygen in the central part of the 252 

pore decreased the most. As shown in Figure 9(b)-(d), there were two layers of adsorbed-state oxygen, 253 

and also the density of adsorbed-state oxygen decreased with the increasing temperature, but the larger 254 

the pores the smaller the decreasing of the density of adsorbed-state oxygen. In the 0.7 nm pore, the 255 

density of free-state oxygen decreased with the increasing temperature. While in the 1.4 nm and 2 nm 256 

pores, the density of free-state oxygen did not change with the increasing temperature, but the amount 257 

of free-state oxygen kept increasing with the increasing pore volume. 258 



 259 

Figure 9 Variation of oxygen density with temperature at 0.1MPa in pores of different sizes 260 

Figure 10 shown that the O2 isosteric heat for different pore sizes at different temperatures (288 K 261 

to 318 K) at 0.1 MPa. It could be seen that the values of the physisorption heat for each pore size were 262 

the same as the magnitude of the physisorption heat for each pore affected by pressure. However, O2 263 

isosteric heat decreased with the increasing of temperature (0.46 KJ/mol), so it was considered that the 264 

temperature change had less effect on O2 isosteric heat. While in Figure 6, the excess oxygen 265 

physisorption amount and O2 isosteric heat increased with the increasing pressure, while the excess 266 

oxygen physisorption amount and O2 isosteric heat decreased with the increasing temperature, so the 267 

O2 isosteric heat was related to the potential energy and also to the excess oxygen physisorption 268 

amount. As shown in Figures 5 and 9, the ratio of the amount of free oxygen to the physisorption 269 

energy was increasing with the increasing pore size, which resulted in the reduction of O2 isosteric heat 270 

with the increasing pore size. Therefore, oxygen physisorption heat in coal pores is the result of the 271 

combined effect of potential energy, excess oxygen physisorption and the amount of free-state oxygen. 272 



 273 

 274 

Figure10 O2 isosteric heat at 0.1 MPa for different pore sizes at different temperatures (288 K to 318 275 

K). 276 

3.4 Effect of temperature on the physisorption of oxygen in different size pores 277 

In order to investigate the effect of different groups in the coal pore on the oxygen physisorption, 278 

the physisorption characteristics of the modified graphite slits (Figure 2) for oxygen were analyzed. 279 

Figure 10 shown the excess physisorption and isosteric heat of oxygen in graphite slits modified with 280 

different groups at 298 K and 0.1 MPa. As shown in Fig. 11(a), the excess oxygen physisorption was 281 

divided into three stages as shown in Figure 6(a), but there was a small increase in the excess oxygen 282 

physisorption in the modified graphite slit pores between 2.0 and 5.0 nm. The excess oxygen 283 

physisorption was higher in the ether-bonded graphite pores, followed by the hydroxyl graphite pores, 284 

and the carboxyl, carbonyl and methyl graphite pores were the least. 285 

As shown in Figure 11(b), the O2 isosteric heat continuously decreased with increasing pore size, 286 

with faster decreasing rate before 0.7 nm, low decreasing rate between 0.7-1.4 nm, and linear 287 

decreasing between 1.4-5.0 nm, which was related to the potential energy of oxygen interaction with 288 

graphite surface and the energy of adsorbed-state oxygen analyzed in the previous section. The highest 289 

O2 isosteric heat values were found for the ether-bonded graphite slit pores, followed by the hydroxyl 290 



graphite slit pores, and the smallest O2 isosteric heat for the graphite slit pores of methyl, carboxyl and 291 

carbonyl groups, and the values in the different size pores remained essentially the same. Table 2 292 

shown the adsorption parameters of oxygen near different functional groups, the absolute values of 293 

adsorption energy of hydroxyl and ether bonds with oxygen are higher (12.5120 KJ/mol and 12.3991 294 

KJ/mol) and the absolute values of adsorption energy of the methyl, carboxyl and carbonyl groups with 295 

oxygen were lower (7.7242 KJ/mol, 9.0484 KJ/mol and 10.6515 KJ/ mol), which was consistent with 296 

the O2 isosteric heat . It indicates that the hydroxyl and ether bond groups are strong for oxygen 297 

physisorption and the methyl, carboxyl and carbonyl groups are weak for oxygen physisorption. 298 

 299 

Figure 11 Physical adsorption of oxygen (a) and isosteric heat (b) in graphite slit pores modified by 300 

different groups at 298 K and 0.1 MPa. 301 

Table 2 Adsorption parameters of oxygen on each group 302 

FGS Methyl Hydroxyl Ether bond Carbonyl Carboxyl 

ΔE (KJ/mol) -7.7242 -12.5120 -12.3991 -10.6515 -9.0484 



da (nm) 0.2938 0.2394 0.332 0.3074 0.3075 

 303 

4 Conclusion 304 

In this study, the parameters of oxygen physisorption density, physisorption amount and 305 

physisorption heat in graphite slit models of different sizes were calculated using GCMC method, and 306 

the effect of oxygen physisorption in coal pores by pore size, temperature, pressure and each group was 307 

analyzed, and the following conclusions were drawn. 308 

(1) Due to the effect of the potential energy of the interaction between oxygen and coal pore 309 

surface, the changes of oxygen physisorption density and excess physisorption amount in coal pores 310 

with the increasing of pore size were divided into three stages, the first stage (0.4-0.7 nm) was the 311 

rapidly decreasing stage; the second stage (0.7-1.4 nm) was the slowly decreasing stage; the third stage 312 

(1.4 nm-5 nm) was the stable stage with different temperature (288-318 K), different pressure (0.01-0.2 313 

MPa), the graphite slit modified by different groups behaved in the same way. 314 

(2) The excess oxygen physisorption in coal pores increased with the increasing pressure and 315 

decreased with the increasing temperature. The increasing rate of excess oxygen physisorption with 316 

increasing pressure (0.01-0.2 MPa) was 22%-79%, and the decreasing rate of excess oxygen 317 

physisorption with increasing temperature (288-318 K) was 13%-20%, and the excess oxygen 318 

physisorption was more sensitive to the change of pressure. The pressure was below 0.1 MPa, and the 319 

amount of excess oxygen physisorption in pores above 1 nm was highly affected by pressure. The 320 

excess oxygen physisorption amount in 0.5-1.4 nm pores was highly affected by temperature. 321 

(3) Under different temperatures (288-318 K) and pressures (0.01-0.2 MPa), the continuous 322 

decreasing of potential energy and the continuous increasing of free-state oxygen with increasing pore 323 



size, which leaded to the decreasing of physisorption heat with increasing pore size. The physisorption 324 

heat of oxygen in the coal pores increased with the increasing pressure and decreased with the 325 

increasing temperature. 326 

(4) Simulated data of excess physisorption and physisorption heat of oxygen at 298 K and 0.1 327 

MPa for graphite slit models with different groups showed strong physisorption of oxygen by hydroxyl 328 

and ether bonds versus methyl, carboxyl and carbonyl groups. 329 
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