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Abstract: The goal of this study was to investigate coal quality features and their relationship to coal spontaneous combustion characteristics in multi-seam coal mines to better predict when coal spontaneous combustion is likely to occur. To that end, coal samples of various particle sizes were obtained from five coal seams (Nos. 6, 8, 9, 12 and 20) in the Shuangyashan City Xin’an Coal Mine. The samples were then respectively heated using a temperature programming system to observe and compare similarities and differences in the spontaneous combustion process of different particle sizes in response to rising temperature. The experimental results show, that in all five coal seams, the concentration of CO, C2H4, and C2H6 increased with a certain degree of regularity as a function of rising temperature. However, of these three gasses, only CO and C2H4 can be used as indicators to predict coal mine spontaneous combustion. The critical temperature for samples from all five coal seams ranged from 50–85°C, while the dry cracking temperature of coal seams 8 and 12 (80–100°C) were lower than those of 6, 9, and 20 (100–120°C). Furthermore, the production rate of CO, C2H4, and C2H6 is related to both coal particle size and temperature. The smaller the particle size, the faster the production rate; and the higher the temperature, the more gas that gets produced. All five coal seems are mainly composed of long flame coal. However, they differ in that the No. 12 coal seam contains weak cohesive coal; the No. 8 coal seam contains lean and gas coal; and the Nos. 6, 9, and 20 coal seams contain a certain amount of anthracite. During the programmed coal heating, the CO, C2H4, and C2H6 release trend for the coal seams was No. 12 > No. 8 > Nos. 6, 9, and 20. These results demonstrate that the presence of weak cohesive coal and anthracite highly influence the concentration of CO, C2H4, and C2H6 released during coal spontaneous combustion.
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1  Introduction

Coal is the most abundant energy source in China. By the end of 2020, there were 162.288 billion tons of coal in China’s coal reserves [1], while China’s 2020 coal production of 3.9 billion tons increased by 1.4% compared with 2019 [2]. Because coal is the safest and most economical source of energy in China [3], its dominant position in the energy structure cannot be replaced in the short term. However, as coal production increased, coal mine fire accidents increased in parallel, and has resulted in a large number of economic losses and casualties. According to incomplete statistics, in recent years, the number of coal mine fire accidents and associated fatalities, have decreased since 2000 [4]; likely in response to the Chinese government strengthening efforts to prevent and control coal mine fire accidents. Nevertheless, major fire accidents still occur from time to time. Using the National Mine Safety Bureau Accident Data Query System, it was determined that the primary root cause of coal mine fires is coal spontaneous combustion [5] (Fig. 1).
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Figure 1: Coal mine fire accident statistics

Coal spontaneous combustion may occur in response to a combination of: coal crushing, coal accumulation and spontaneous combustion tendency, an oxygen concentration suitable for oxidation and adequate time for oxidation to develop, and heat storage conditions favoring exothermic oxidation. According to published research [6–13], the general consensus is that coal spontaneous combustion is a chain reaction that is generally divided into three stages: the low temperature oxidation stage, self-heating stage, and combustion stage (Fig. 2).

Numerous investigators have studied the spontaneous combustion characteristics of different coal types. Zhu et al. [14] used an adiabatic oxidation method to study and compare the dynamics associated with critical temperature and other parameters in coal of different grades. The relationship between the characteristic parameters and coal grade quality was numerically fitted, which provided a reference for prevention and control of coal spontaneous combustion. Tan et al. [15] investigated coal spontaneous combustion using temperature programmed testing and concluded that at the low temperature stage of coal spontaneous combustion, low metamorphic grade coal samples depict a higher oxygen consumption rate and heat release intensity than those of high metamorphic grade. Kim et al. [16] used oxidation experiments to study coal spontaneous combustion among coals of different rank, and proposed a low temperature reaction index to determine the spontaneous coal’s combustion tendency. Dong et al. [17] carried out temperature-programmed oxidation experiments on various coal types. They determined that each coal type produced a different gas mixture and that gas production and temperature changed in an approximately exponential pattern. Furthermore, they also noted that: 1) as the coal becomes more metamorphosed, the sharp rise inflection point temperature in the gas production rate also increases; and 2) as the coal samples’ oxidation capacity decreases, the gas production decreases in parallel. Excluding the coal skeleton’s complex structure, Clemens et al. [18] focused on the active coal structure and proposed a 10 reaction sequence coal oxidation adsorption reaction model. Mathews et al. [19] used modeling software to compare and analyze 133 kinds of active structures among brown, sub-bituminous, and smokeless coal to evaluate what governs changes to various active structures during coal spontaneous combustion. Wang et al. [20] established 13 elementary reactions that occur during the coal spontaneous combustion process, as well as their reaction order and secondary relationship. Their model has been successfully used for identifying coal spontaneous combustion tendency. Dai [21] studied structural changes to brown, gas, gas-fat, and smokeless coal samples under low temperature oxidation. Their results showed that differences in coal mine content and structure result in variations of low-temperature oxidation ability and spontaneous combustion tendency. Zhang et al. [22] examined parameter variations in primary and secondary oxidation of coal with different metamorphic degrees. Result showed that the lower the metamorphic degree, the higher the cross temperature range, and the greater the secondary oxidation spontaneous combustion parameters’ change rate. Wen et al. [23] explored gas production during the oxidation process using long flame coal with different sulfur contents, and concluded that when considering coal of the same quality, higher sulfur content coal is more easily oxidized. Deng et al. [24,25] employed a temperature programmed device to study the influence of moisture on coal spontaneous combustion and determined the presence of an optimal critical value, which promotes coal spontaneous combustion before the critical value, and thus inhibits coal spontaneous combustion. Li et al. [26] conducted an adiabatic oxidation experiment to determine the mechanism by which ash content affects coal spontaneous combustion. They determined that a greater ash content results in a smaller temperature rise rate for low temperature oxidation stage coal samples, higher temperature rise acceleration point temperature, slower spontaneous oxidation process, weaker spontaneous combustion tendency, and more difficulty promoting coal spontaneous combustion.
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Figure 2: Coal spontaneous combustion process

China has a variety of multi-seam coal mines. Because the coal quality within each coal seam of a given mine differs, the corresponding coal spontaneous combustion characteristics differ as well. While the above mentioned studies explored coal spontaneous combustion characteristics among different types of coal, few studies have been conducted to evaluate coal spontaneous combustion characteristics of different coal types mixed in the same mine. To fill this gap, in this work, programmed heating equipment was used to conduct experiments on samples from five coal seams in the Shuangyashan Dongrong No. 2 Coal Mine. The goal was to analyze similarities and differences in the coal spontaneous combustion index gases and other parameters, to provide important reference for coal mine fire prediction in these environments.

2  Coal Spontaneous Combustion Theoretical Model

Below is an analysis and summary of the macro-physical model and micro-mathematical model associated with the coal temperature programmed experimental process, according to numerous domestic and internationally published literature [27–30]. These models improve the experimental principle macroscopically and explain the experimental mechanism microscopically. To begin, any point in the coal spontaneous combustion reaction vessel cylinder is selected for mathematical modeling. According to the heat balance principle (Eq. (1)):

ρCCoal∂T∂t=QA−ERT+λ∂2T∂r2−HWaterdCWaterdt+ρAirCAirνAir∂T∂χ(1)

where:

CCoal, CWater, and CAir are the specific heat capacities of coal, water, and air, respectively, J/( kg⋅°C);

Q is the heat generated by unit mass coal under standard conditions, J/kg;

ρ is density, kg/m3;

νAir is the gas flow rate in the coal samples;

A is the previous factor;

R is the gas constant—8.314 J/(K⋅mol);

T is temperature, °C;

E is activation energy, J/mol;

r is the inner diameter of the reactor, mm;

χ is the distance from bottom of the coal sample to its center, mm;

HWater is the dry and wet heat, J/(m3⋅s);

dCWaterdt is the dry and wet rate, 1/s;

λ is the heat conduction coefficient;

ρCCoal∂T∂t is the enthalpy change rate of the coal sample unit mass;

QρA−ERT is the coal oxidation heat production rate;

λ∂2T∂r2 is the heat conduction for the coal sample unit;

HWaterdCWaterdt is the enthalpy change rate for water evaporation; and

ρAirCAirνAir∂T∂χ is the convection heat exchange between the gas unit and coal sample.

Triple integration of x, y, and z axes were performed for Eq. (1), and the real-time thermal function was obtained. Eq. (2) represents how coal in the reactor changes with time and temperature:

[∭ρCCoaldxdydz]∂T∂t=[∭Qρdxdydz]A−ERT+[∭λdxdydz]∂2T∂r2−[∭HWaterdxdydz]dCWaterdt+[∭ρAirCAirνAirdxdydz]∂T∂χ(2)

Eq. (3) was obtained by integrating Eq. (2):

mCoalCCoal∂T∂t=QmCoalA−ERT+λmCoal∂2T∂r2−HWatermCoaldCWaterdt+mAirCAirνAir∂T∂t(3)

Eq. (3) was then transformed to obtain Eq. (4), which represents the heat of gas generated by coal spontaneous combustion:

mAirCAirνAir∂T∂t=mCoalCCoal∂T∂t−QmCoalA−ERT−λmCoal∂2T∂r2+HWatermCoaldCWaterdt(4)

Eq. (4) is the energy conservation formula of the reactor. Because the mass of the generated gas is proportional to the heat, the generated gas heat target cannot be detected by determining the amount of generated gas. The macro physical model is shown in Fig. 3.
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Figure 3: Macro physical model

3  Experimental Process

3.1 Determination of Coal Seam Coal Quality

Coal samples were collected from five coal seams in the Xin’an Coal Mine, in accordance with the national standard—GB/T 482-2008 (Sampling of coal seams). The industrial analysis coal experiment was carried out according to the national standard—GB/T 30732-2014 (Proximate analysis of coal-instrumental method), and the sulfur and phosphorous coal concentrations were determined according to the national standard—GB/T 214-2007 (Determination of total sulfur in coal). The coal’s bond index was determined according to the national standard—GB/T 5447-1997 (Determination of caking index of bituminous coal). Finally, using the results from the above determinations, the type of coal was determined according to the national standard—GB/T 5751-2009 (Chinese classification of coals). The specific results from the coal determination analysis are shown in Table 1.
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As shown in Table 1, there is little difference in the moisture, ash, sulfur, and phosphorus content among the selected coal samples and all four characteristics exhibit low values. In contrast, the volatiles show significant variation, and may be an important factor affecting the spontaneous combustion characteristics of coal. The coal samples are mainly composed of long bituminous coal. Samples from coal seams Nos. 6, 9, and 20 also contain anthracite, while those from No. 12 contain unique weak cohesive coal. The presence of weak cohesive coal leads to a higher coal bond index relative to other coal seams, which may be another important influence on the spontaneous combustion characteristics of coal.

3.2 Temperature Programmed Experimental Device

As shown in Fig. 4, the experimental system is divided into three parts: gas path, temperature control box, and gas sample collection and analysis.
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Figure 4: Temperature programmed experimental device

The air storage cylinder provided gas, via the flow control valve, that had been preheated in the temperature control box. This gas then flowed into the reactor, where it reacted with the coal. Subsequently, the gas discharged from the coal sample in the reactor was collected with a needle tube, then sent through an exhaust pipe (1 m long and 3 mm in diameter) to the gas chromatograph, where the gas composition was analyzed.

In order to reflect the coal samples’ dynamic continuous oxygen consumption process and gas composition change under similar conditions to those in the actual mine, the coal spontaneous combustion test bench in Xi’an University of Science and Technology [31–33] was set using the following parameters: optimum reactor area = 70 cm2, air supply = 120 ml/min, and the heating rate = 0.3 °C/min.

3.2.1 Experimental Process

A total of 25 kg of coal was collected from each coal seam. Next, the five coal samples were assembled based on particle size as follows: <0.9, 0.9–3, 3–5, 5–7, and 7–10 mm, respectively. Subsequently, 200 g of each particle size was mixed together to create a 1 kg, mixed particle size coal sample. Finally, the six prepared coal samples from each of the five coal seams, i.e., a total of 30 samples, were individually subjected to the programmed heating experiment.

A 1 kg coal sample was loaded into a 22 cm long, 10 cm diameter reactor. A net was used to hold the coal sample to make the ventilation uniform. The reactor was then placed in a temperature programmed box, such that ∼2 cm of free space was at the upper and lower ends of the reactor. While the air heated according to the preprogrammed heating schedule, the gas produced from coal combustion was collected at different, predetermined temperatures. After the heating program completed its course, heating was terminated, and the furnace door was opened to enable natural convection cooling. Finally, the composition and concentration of the gas collected at the different temperatures were analyzed. Specific experimental parameters are listed in Table 2.
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3.2.2 Results and Discussion

Carbon monoxide (CO) production analysis

Programmed temperature experiments were conducted to determine the relationship between CO release and temperature. Results for the five samples with different particle sizes (Figs. 5a–5e) from each coal seam and one mixed particle sample (Fig. 5f) from each coal seam are shown below.
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Figure 5: Relationship between CO concentration and temperature for different particle size samples from coal seam a) No. 6, b) No. 8, c) No. 9, d) No. 12, and e) No. 20; and f) Mixed particle size samples for all five coal seams

As shown in Figs. 5a–5e, no CO gas was generated from 30–50°C, which indicates that the original coal sample did not contain CO. From 50–80°C, the relationship between CO concentration and particle size is not yet evident. However, at temperatures >80°C, the relationship between CO concentration and particle size became more apparent. The results indicate that the smaller the particle size, the larger the percentage of coal sample surface area that comes in contact with atmospheric oxygen, and the greater the oxygen consumption. This results in a more intense incomplete oxidation reaction between the coal and oxygen, which in turn generates more CO at a faster rate. As such, CO gas is a suitable coal seam spontaneous combustion index gas and can be used for monitoring spontaneous combustion potential. Fig. 5f, which depicts the results from the mixed particle size samples, demonstrates that the largest quantity of CO was released by the sample from coal seam No. 12 (16270 ppm) and was followed by the sample from No. 8 (7772 ppm), while the samples from coal seams Nos. 6, 9, and 20 exhibited CO concentrations from 3000–4600 ppm.

C2H4 production analysis

Programmed temperature experiments were conducted to determine the relationship between C2H4 release and temperature. Results for the five samples with different particle sizes (Figs. 6a–6e) from each coal seam and one mixed particle sample (Fig. 6f) from each coal seam are shown below.
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Figure 6: Relationship between C2H4 concentration and temperature for different particle size samples from coal seam a) No. 6, b) No. 8, c) No. 9, d) No. 12, and e) No. 20; and f) Mixed particle size samples for all five coal seams

As shown in Figs. 6a–6e, C2H4 production sharply increased after the temperature reached 120°C. As with CO, the original coal sample did not contain C2H; the C2H4 was generated due to high-temperature pyrolysis of the coal. In addition, the smaller the sample particle size, the more gas that gets produced; and the higher the temperature, the faster the gas production rate. As such, C2H4 gas is a suitable coal seam spontaneous combustion index gas and can be used for monitoring spontaneous combustion potential. Fig. 6f, which depicts the results from the mixed particle size samples, demonstrates that the largest quantity of C2H4 was released by the sample from coal seam No. 12 (52 ppm) and was followed by the sample from No. 8 (42 ppm), while the samples from coal seams Nos. 6, 9, and 20 exhibited C2H4 concentrations from 20–30 ppm.

C2H6 production analysis

The C2H6 variation by particle size in the five coal seams during the programmed temperature rise was analyzed using the superposition method. Results for the five samples with different particle sizes (Figs. 7a–7e) from each coal seam and one mixed particle sample (Fig. 7f) from each coal seam are shown below.
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Figure 7: Relationship between C2H6 concentration and temperature for different particle size samples from coal seam a) No. 6, b) No. 8, c) No. 9, d) No. 12, and e) No. 20; and f) Mixed particle size samples for all five coal seams

As shown in Fig. 7, C2H6 was observed at ∼30°C, indicating that the original coal sample contained C2H6. Moreover, as the temperature increased, adsorbed C2H6 in coal sample was gradually released. Because C2H6 production occurs over the full temperature range, C2H6 is not useful for predicting coal spontaneous combustion and therefore is not a suitable indicator gas. Fig. 7f, which depicts the results from the mixed particle size samples, demonstrates that the largest quantity of C2H6 was released by the sample from coal seam No. 12 (2451 ppm) and was followed by the sample from No. 8 (2018 ppm), while the samples from coal seams Nos. 6, 9, and 20 exhibited C2H4 concentrations from 1000–1200 ppm.

Oxygen consumption and CO productionr rate of mixed coal samples

The mixed coal samples’ variation in oxygen is mainly related to air convection, molecular diffusion, turbulent diffusion, and oxygen consumption by coal-oxygen interaction. Therefore, the convection-diffusion equation for oxygen concentration distribution is:

∂C∂t=div(D⋅∇(C))−div(QSC)+VO2(T)(5)

where: D is the oxygen diffusion coefficient in broken coal;

Q is the air supply, cm3;

S is the furnace air supply area, cm2;

C is oxygen concentration; and

VO2(T) is oxygen consumption rate per unit of solid coal, mol/(cm3⋅s).

Under the experimental conditions, the air leakage intensity is small and mainly flows along the central axis. Therefore, it is reasonable to only consider the oxygen concentration distribution equation in the axial direction of coal body, which is mathematically expressed as:

∂C∂t=∂[D(∂C∂Z)]∂Z−∂(QSC)∂Z+VO2(T)(6)

where Z is the distance the gas flows through coal body, cm.

Since the oxygen consumption rate is proportional to the oxygen concentration, the oxygen consumption rate in fresh air is expressed as:

VO2o(T)VO2(T)=CoC(7)

The oxygen consumption between any two points at the central axis is calculated using the following equation:

dC=−VO2o(T)×CCO×SQdz(8)

VO20(T) and Co are constant when the temperature is constant. Integrating both sides of Eq. (8) produces the following equation:

VO2o(T)=Q⋅CoS⋅(Zi+1−Zi)⋅ln⁡CiCi+1(9)

In the experimental system, because coal consumes oxygen, the oxygen concentration decreased and the CO concentration increased along the wind direction. The coal’s CO production rate at a certain point in the reactor is proportional to the oxygen consumption rate, thus:

VCO(T)VCOo(T)=VO2(T)VO2o(T)=CCo(10)

where: VCO(T) is the CO production rate, mol/(cm3. s); and VCO0(T) is the CO production rate at standard oxygen concentration, mol/(cm3⋅s)

As such, the CO concentration at any point in the reactor can be calculated by combining Eqs. (9) and (10) as follows:

Ci+1=Ci⋅e−VCOo(T)⋅SQ⋅C0⋅(Zi+1−Zi)(11)

where: Ci is the oxygen concentration at a known point;

Ci+1 is the oxygen concentration at the latter point;

Zi is the distance from a known point to the entrance; and

Zi+1 is the distance from the latter point to the entrance.

Eq. (8) is then substituted into Eq. (11) and the CO production rate at standard oxygen concentration is obtained via integration, as shown in Eq. (12):


Co2i+1−Co2i=S⋅n⋅Vco0(T)Q⋅C0∫z1z2C1⋅e−V0(T)⋅SQ⋅C0⋅(Zi+1−Zi)dz

Vcoo(T)=VO(T)⋅(Coi+1−Coi)CO⋅[1−e−V0(T)⋅S⋅(z2−z1)Q⋅CO](12)

Fig. 8 is based on Eqs. (9), (12), and the experimental data, and shows the relationship between temperature and the oxygen consumption rate (Fig. 8a) and CO production rate (Fig. 8b) of the mixed particle coal samples under fresh air conditions.

[image: images]

Figure 8: Relationship between temperature and a) oxygen consumption rate and b) CO production rate of mixed particle size coal samples

As shown in Fig. 8, the oxygen consumption rate of the coal samples from the Xin’an Coal Mine increased in response to increasing temperature. The mixed particle size coal samples had a large overall surface area and was therefore conducive to diffusing oxygen, which resulted in a relatively fast oxidation rate. The CO production rate increased significantly at 80–120°C, and then rapidly increased at temperatures >120°C. The CO production rate in the five sampled coal seams was as follows: No. 12 > No. 8 > Nos. 6, 9 and 20, with the latter three showing relatively low values.

4  Conclusion

In this work, programmed heating equipment was used to conduct experiments on samples of varying particle sizes from five coal seams in the Xin’an Coal Mine to observe and compare similarities and differences in the spontaneous combustion process in response to rising temperature. After analyzing the results, the following conclusions were drawn:

1)   Based on the fact that the oxidation heat release intensity, CO production rate, oxygen consumption rate, and coal body heating rate all accelerate when the temperature exceeds 50–85°C, 50–85°C was determined as the critical temperature of the coal samples from the five coal seams in Xin’an Coal Mine. From 80–120°C, the oxygen consumption rate and CO gas production rate increased significantly and at temperatures >120°C, both increased sharply. Thus, it is inferred that the dry cracking temperature of coal seam Nos. 8 and 12 is 80–100°C, while that of Nos. 6, 9, 20 is 100–120°C. CO and C2H4 were not evident until the temperature exceed 80 and 110–120°C, respectively, demonstrating that both gasses were only produced at high temperature. In contrast, C2H6 appeared at about 30°C, indicating it was present in the original coal sample. Therefore, CO and C2H4 can be used as an index gas to predict coal spontaneous combustion, while C2H6 is not suitable for this purpose.

2)   During thermal oxidation, the CO, C2H4, and C2H6 production rates and oxygen consumption rates differed based on the samples’ particle size. In general, the CO, C2H4, and C2H6 concentration increased as the sample particle size decreased. While this trend is not very obvious in the low temperature stage, it is clearly evident in the high temperature stage. These results indicate that during the heating experiment, as the particle size decreased, the amount of surface area in contact with the oxygenated atmosphere gradually increased. As such, because coal samples easily oxidize, the coal-oxygen reaction played a progressively larger role, resulting in more CO, C2H4, and C2H6 being produced. In summary, the smaller the particle size, the greater the oxygen consumption, the more intense the incomplete oxidation reaction, and the more CO, C2H4, and C2H6 that gets produced.

3)   Using a coal seam industry analysis, it was determined that all five coal seems depicted a low concentration of moisture, ash, sulfur, and phosphorus. Since large differences in volatiles and cohesiveness are the main factors affecting the coal’s spontaneous combustion characteristics, these variables are thought to have little effect on the spontaneous combustion process. In contrast, coal type greatly influences the amount of gas produced by coal spontaneous combustion. Because the Nos. 8 and 12 coal seams do not contain anthracite, the coal is more easily oxidized, a lower amount of energy is required, and more CO, C2H4, and C2H6 is generated. Nos. 6, 9, and 20 coal seams all contain anthracite. Thus, the coal in these seams is not easily oxidized, and less CO, C2H4, and C2H6 was generated. These results verify that the presence or absence of anthracite highly influences the spontaneous combustion tendency of coal and that its spontaneous combustion tendency is lower than in other coal types.
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Table 1: Coal quality characteristics

Coal Types of Mad (%) Ad (%) Vdaf (%) Std (%) Pd (%) Y (mm) G
secam  coal

No.6  Long-flame 6.15 11.02 29.19 0.12-0.33 0.039— 0 2-6
coal 0.043

Lean coal

Smokeless
coal

No.8 Long-flame 5.72 12.29 38.49 0.11-0.36 0.04-0.14 0 3-6
coal

Lean coal
Gas coal

No.9 Long-flame 6.14 13.33 23.45 0.14-0.35 0.01-0.05 0 4-5
coal

Smokeless
coal

No. 12 Long-flame 5.5 16.15 41.79 0.20-0.35 0.01-0.001 0-6.5 4-35
coal

Weakly
caking coal

No. 20 Long-flame 7.1 18.58 21.69 0.30-0.45 0-0.008 0 4-5
coal

Smokeless
coal

Notes: *M = moisture; A = ash; V = volatiles; S = sulfur; P = phosphorus; Y = gelatine layer thickness; and G = adhesive index.
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Table 2: Experimental parameters

Coal Particle sizes (mm)  Average Height Weight Volume Volumetric Porosity Air Rate of
samples particle (cm) (g) (cm®)  weight (%) flow temperature
size (g/em?) rate increase
(mm) (ml/min) (°C/min)
No. 6 <0.9 0.45 15.70 1000 123245 0.81 0.44 120 0.3
0.9-3 1.95 16.30 1000  1279.55 0.78 0.44
3-5 4.00 16.40 1000  1287.40 0.78 0.45
5-7 6.00 16.60 1000  1303.10 0.77 0.45
7-10 8.50 17.00 1000  1334.50 0.75 0.46
Mixed coal samples 4.18 15.60 1000  1224.60 0.82 0.42
No. 8 <0.9 0.45 15.70 1000 123245 0.81 0.44
0.9-3 1.95 16.30 1000  1279.55 0.78 0.44
3-5 4.00 16.40 1000  1287.40 0.78 0.45
5-7 6.00 16.60 1000  1303.10 0.77 0.45
7-10 8.50 17.00 1000  1334.50 0.75 0.46
Mixed coal samples 4.18 15.60 1000  1224.60 0.82 0.42
No. 9 <0.9 0.45 15.70 1000 123245 0.81 0.44
0.9-3 1.95 16.30 1000  1279.55 0.78 0.44
3-5 4.00 16.40 1000  1287.40 0.78 0.45
5-7 6.00 16.60 1000  1303.10 0.77 0.45
7-10 8.50 17.00 1000  1334.50 0.75 0.46
Mixed coal samples 4.18 15.60 1000  1224.60 0.82 0.42
No.12  <0.9 0.45 15.70 1000 123245 0.81 0.44
0.9-3 1.95 16.30 1000  1279.55 0.78 0.44
3-5 4.00 16.40 1000  1287.40 0.78 0.45
5-7 6.00 16.60 1000  1303.10 0.77 0.45
7-10 8.50 17.00 1000  1334.50 0.75 0.46
Mixed coal samples 4.18 15.60 1000  1224.60 0.82 0.42
No.20 <0.9 0.45 15.70 1000 123245 0.81 0.44
0.9-3 1.95 16.30 1000  1279.55 0.78 0.44
3-5 4.00 16.40 1000  1287.40 0.78 0.45
5-7 6.00 16.60 1000  1303.10 0.77 0.45
7-10 8.50 17.00 1000  1334.50 0.75 0.46

Mixed coal samples 4.18 15.60 1000  1224.60 0.82 0.42
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