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ABSTRACT 

 

The chemical and physical properties of coal are strongly affected by the upgrading process 

employed. For high moisture coals upgrading involves thermal dehydration to improve the 

calorific value of the coal on mass basis. This study evaluates the feasibility of upgrading a 

low rank/grade coal using the oven drying method. The objective of this research work is to 

study the drying characteristics of low rank coals and to understand the factors affecting the 

quality of dried low rank coals. This paper describes laboratory experiments conducted on 

the characterization of the low rank coals before and after drying process. The results on 

drying kinetics, re-absorption of coal samples and proximate analysis of coal sample before 

and after drying are discussed. It was found that the upgrading process produced coal with 

better heating value and combustion characteristics than those of the raw coal samples. 
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1.0 INTR ODUCTION  

 Coal resources in Indonesia are classified mostly as lignite (58%) and the rest are sub-

bituminous (27%), bituminous (14%) and anthracite (<1%). In the last 10 years, Indonesian 

coal production rose sharply, with increasing amount of coal produced being exported 

worldwide. Current coal production comes from medium to high rank coals, which have 

relatively high calorific value. However, the reserves of this range of coals are limited and 

with diminishing reserves, they will become increasingly expensive to mine.     

 Low grade coals, which are mainly lignite and low grade sub-bituminous, constitute 

over 85% of the coal reserves. The high moisture content, the greater tendency to combust 

spontaneously, the high degree of weathering, and great amount of dust generation restrict 

the wide-range use of low rank coals. The high moisture content resulted in low calorific 

value and increases the cost of transportation and material handling. Consequently, many 

low rank coals are mainly consumed by power plants located near the coal mines. The use 

of low rank coals could be increased if the coal is dewatered and upgraded prior to 

shipment.    

 The coal industry reduces the moisture content of coal prior to shipping the coal to 

utilities and industrial coal burning customers to increase the heating value of the coal by 

reducing the coal's weight per unit of energy. The price of coal sold to utilities depends 

upon the heating value of the coal at the mine. In addition to bringing a higher unit prices 

for coal, reducing the moisture content of coal increases the efficiency of the power plant, 

decreases transportation costs, decreases ash disposal requirements, and decreases power 

plant emissions. Coal particles typically have both a surface and inherent moisture content. 

Various dewatering and upgrading processes have been developed in a number of 

industries since 1920s 
[1 to 13] 

to reduce the moisture content and produce coal with higher 

calorific value and lower transportation costs. Among them, the superheated drying process 
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patented by Fleissner
1
 has become commercially viable in Eastern Europe. This process 

enables possible application of very high drying temperatures (>270° C) without any risk 

of self ignition of coals during the drying process which might occur in the conventional 

drying process using air as the medium. Klutz et al.
 [12]

 developed the WTA process 

(fluidized-bed drying with internal waste heat utilization), which is based on the stationary 

fluidized-bed principle with integrated heat exchangers (fluidized-bed contact drying) 

where drying takes place in slightly superheated steam. Based on this process, there is 

increase in the drier specific water evaporation by around 70% and reduction in the 

fluidizing velocity by around 65%. Recently, Eagle 
[13]

 also developed a new technology 

such as Integrated Gasification Combined Cycle (IGCC) with carbon capture and storage 

(CCS) that are available for processing coal in a clean way to produce a value product (low 

sulphur).   

 It is well known that coal moisture affects the physical and chemical characteristics of 

coal samples and utilization methods. Moisture content has a direct effect on reactivity, 

gasification, drying, pyrolysis, volatile matter evolution, size degradation characteristics, 

transportation economics, ignition point and combustibility limit of coals. Depending on 

the drying/dewatering conditions, significant changes to the low rank coal structure and 

properties may take place during processes. The burning of coal involves the breaking 

down and oxidation of organic matter within the coal matrix. The presence of water and 

organic groups of low reactivity act as buffer to thermal exchange between the reactive 

components of the coal matrix and the external environment 
[14]

. As removal of water and 

poor organic oxidants is strictly an endothermic process, the result is a lower effective 

calorific value upon combustion. More efficient combustion may be obtained by 

economically removing or converting endothermic components prior to combustion of the 

coal. Removal of moisture content is simplest method of upgrading low rank coal.       
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 This objective of this study is to evaluate the feasibility of upgrading low rank/grade 

coal samples obtained from Tabang coal (East Kalimantan) using an oven drying method 

.The aim is to study the drying characteristics of low rank coals and to understand the 

factors affecting the quality of dried low rank coals. This paper describes laboratory 

experiments conducted to characterize the low rank coals before and after drying process. 

The results on drying kinetics, re-absorption of coal samples and proximate analysis of coal 

sample before and after drying obtained for low rank coals are discussed.  

  

2.0 DRYING CHARACTERISTICS OF COAL SAMPLES  

The rate at which moisture is removed from the coal samples and the temperature 

used will affect the resultant pore structure and therefore the properties of dried material. 

Allardice 
[15]

 reported the relationship between water content and heat of desorption for 

brown coal sample. It was found that about 20% of the water is bound more strongly to the 

lignite than the water molecules are to each other. For 80% of the water, the heat of 

desorption is simply the latent heat of evaporation. For the remaining 20%, it is assumed 

that hydrogen bonding has occurred. This tends to happen within the fine pore structure
 [16]

. 

In the course of drying, the varying strength of the water bond will produce different 

evaporation behaviour. Lignite differs significantly from bituminous coal where most of 

the moisture is present on the surface. In lignite, a high proportion of the water is held in 

the pores.  

Coals consist of pore systems intermeshing with a continuous coal structure. The 

network is thought to have transitional and micropore systems branching off a larger or 

macropore system. In the younger coals (lignite/brown coal) the coalification process has 

not advanced so far, and a substantial amount of water is present in the pore structure. 

Although the overall porosity of lignite is similar to bituminous coal, about 0.1ml/g, there 
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are more larger pores of over 30 mm diameter in lignite 
[17]

. A larger proportion of the 

porosity of lignite is accounted for in the larger diameter pores, and in turn these hold a 

large fraction of the total moisture content. This property varies considerably in different 

lignite / brown coals. The macro-pore system in coals is strongly influenced by overburden 

pressure. By contrast, the micro-pore structure depends on the chemical make-up of the 

coal and is largely dependent of the confining stress during the formation stage 
[18]

.  

The water in the macro-pores is relatively easily to be removed by the application of 

heat. Water in the micro-pores is affected by surface bonding forces and capillary action. 

Additionally, some water is chemically combined as the water of hydration with some of 

the minerals present such as calcium sulphates and clays 
[19]

. The surface-adsorbed 

(superficial free) water is most easily removed, while capillary condensed water surface 

moisture and (sorbed) water is to removed more difficult and at a slower rate. It is known 

that moisture plays an important role in shrinkage and swelling of coals and consequently 

pore formation plays an important role in diffusion control.    

Rozgonyi and Szigeti 
[19]

 compared the drying characteristics of lignite with other 

coals, as shown in Figure 1. The higher equilibrium moisture content of lignite is visible as 

is the different drying rate of coals of various ranks. The long period, while the water held 

in the pore structure of lignite is removed, can also be seen. The evaporative drying of 

lignite, commonly carried out by hot gases, tends to cause decrepitating of the coal 

particles due to shrinkage and loss of elasticity 
[20]

. The dried product is dusty and liable to 

spontaneous combustion. When lignite is dried evaporative it subsequently re-absorbs 

water.      
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3.0 EXPERIMENTAL INVESTIGATION  

3.1 Characteristics of Raw Coal Samples 

The raw coal used in this study was obtained from the Tabang Mine Site, East 

Kalimantan, Indonesia.  The ultimate and proximate characteristic of this raw coal sample 

is given in Table 1. According to the ASTM Standard D388-05 
[21]

, the coal sample can be 

classified as high rank lignite.  From the results of proximate and ultimate analysis, it can 

be seen that the moisture content and volatile matter of this type of coal are very high 

which may point to the hydrophilic nature and its high risk of auto-ignition of this low rank 

coal. The ash content and sulphur content of this raw coal is relatively low.  The main 

objectives of the oven drying experiments are to establish and understand the drying 

characteristics of coal samples and study the factors affecting the quality of dried coal 

samples.    

 

4.0 RESULTS AND DISCUSSION  

4.1 Drying Rate Curves 

Figures 2 shows a typical drying rate curve obtained for wet coal samples (high 

moisture content with lots of surface water, about 55%- 65%) for different temperatures. 

As can be seen in this figure, the drying process starts with a short period of initial or start-

up transient period (A to B) where a short period of time is needed for the coal samples to 

reach the desirable temperature. In this period, part of heat supplied by the heating gas is 

absorbed by the coal samples, which in turn increases its temperature. It is then followed by 

a constant drying rate period (B to C), as can be seen in Figure 2 for wet coal samples. 

Once the diffusion of moisture from solids internal cannot cope with evaporation at the 

solids surface, drying rate starts to decrease. Thereafter, drying rate begins to decrease. 
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During this period (C to D), drying rate drops rapidly while the solids surface moisture 

content decreases.  

Conventional evaporative drying processes are useful as a means of reducing 

moisture content if the dried coal is utilized immediately (i.e. coal drying is taking place at 

the final utilization site). If the coal is used some time after the drying, handling and 

transportation problem may induce moisture re-absorption. Hence, it is important to have a 

better understanding of the moisture re-absorption of dried coal samples. Therefore an 

investigation was carried out to evaluate the moisture re-absorption of dried coal samples 

and this is discussed next. 

4.2 Re-absorption by Dried Coal samples 

The moisture re-absorption can be very important in the actual coal production and 

transportation as handling and transportation process may expose the dried coal to moisture 

in the atmosphere. It is thus important to design the drying process with its subsequent 

storage environment and possible re-absorption in mind. It is especially important to decide 

on the final desired moisture content and also the exit temperature of dried coal. Over-

drying and under-drying are highly undesirable. The former is both hazardous and wasteful 

of energy. Hence, the experiments were conducted to evaluate the moisture re-absorption 

of dried coal.   

Figure 3 shows the typical variation of moisture content at different drying 

temperatures (75°C, 100°C and 150°C) and also subsequent re-absorption of moisture at 

ambient environment. The figure shows that there is significant variation in the drying 

period required for reaching the equilibrium moisture content for different drying 

temperatures. It is also shows that the required drying period decreases with increasing 

drying temperature. However, there were no significant differences in the re-absorption of 
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moisture content in the dried coal samples. The moisture content of dried coal samples 

increases about 10 ï 13% due to re-absorption within a period of about 2 to 4 days and 

varies depending upon the drying temperature used. This re-absorption is under an ambient 

environment of about 80 % humidity at room temperature of 27° C. 

Figure 4 shows the typical variation of moisture content at drying temperatures of 

100°C for different drying period and subsequent re-absorption. For drying temperature test, 

3 different drying periods, namely, 3 hrs, 6 hrs and time required to reach equilibrium 

moisture content were used. This figure show that there are significant differences in the re-

absorption of moisture content for different drying period and the re-absorption increases 

with increasing drying period. In other words, the greater percentage of moisture content 

removed during drying, the greater will be the re-absorption due to increase in the suction 

within coal samples. It seems to suggest that the removal of moisture below the 

ñequilibrium moisture content after re-absorptionò is not needed.   

4.3 Effect of Particle Size on Drying Characteristics  

Particle size distribution of a mass of coal sample depends on the mining and 

handling method and its inherent degree of fracturing. The distribution of coal particle size 

affects coal preparation and drying plant design. Figure 5 shows the typical particle size 

distribution curves before and after drying of coal samples at temperature of 100 C̄. It 

clearly shows that drying process resulting in more fine size particles. The particle size also 

plays an important role in determining the drying efficiency of coal samples. Hence, the 

coal particles are separated into the different ranges based on its size. They are classified 

into the following 5 groups of sizes (a) < 2mm, (b) 2-4mm (c) 4-14mm, (d) 14-28mm and 

(e) >28mm. For each group of particle size, equal weight of coal samples were used for 

drying at temperature of 100°C and their results are reported below. 
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Figures 6 and 7 show the drying characteristics (Figure 6 for drying rate and Figure 7 

for drying kinetics curves) for different groups of particle sizes at a temperature of 100°C. 

Figure 6 show that there is a significant difference in the drying rate for different range of 

particle sizes due to the difference in the initial moisture content. It is shown that larger 

particle sizes give rise to a higher drying rate. Also, the drying rate is greatly affected by 

drying temperature; higher drying temperature seems to give rise to a higher drying rate.   

Figure 7 shows the drying kinetics curves obtained at drying temperature of 100° for 

different ranges of particle sizes. This figure show that, during the initial stage/period of 

drying, there are slight differences in the reduction of moisture content among different 

particle sizes due to the difference in the initial moisture content in the coal samples. 

However, as the drying period continues, the moisture content versus time curve converged. 

Furthermore, the rate of re-absorption of dried coal samples also seems to be fairly constant 

irrespectively of particle size and drying temperature. From the above drying 

characteristics curves, it can be concluded that the completion of the drying process is 

highly depend on the drying temperature, drying period, and coal particle sizes distribution. 

4.4 Coal Particle Temperature and Cracking of Coal Samples 

Coal samples can show some interesting structural developments, including the 

development of polygonal cracking and shrinkage (curling) of the surface while drying. 

Other structural features such as particle sorting can also be developed when reactive coal 

undergoes some wettingïdrying cycles. Experiments were conducted to evaluate the 

cracking nature of coal samples. It is observed that there is lot of cracks on the coal surface. 

The shrinking and cracking of the coal lumps also reduces the particle size, and thus 

increased the percentage of finer particle. During drying process, the determination of coal 

particle temperatures is essential to predict the kinetics of chemical reactions within and at 
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the surface of coal particles.  Komatina et al.
 [22]

 investigated the thermal behavior of a 

single coal particle during devolatilization in fluidized bed using dry coal particle, shaped 

into spherical form of diameters 7 and 10 mm, in temperature range from 300 to 850°C. 

Unsteady behavior of coal particle during heating and devolatilization in fluidized bed was 

observed for two coals (brown coal Bogovina and lignite Kosovo). Komatina et al 
[23]

 also 

described the experimental and theoretical investigation on drying of a single coal particle 

via the moist shrinking core mechanism. The influence of different parameters (thermal 

conductivity and specific heat capacity of coal, fluidized bed temperature, moisture content 

and superheating of steam) on drying time and temperature profile within the coal particle 

was studied. The experimentally obtained results confirmed that the moist shrinking core 

mechanism can be applied for the mathematical description of a coal particle drying, while 

dependence between drying time and coal particle radius, a square law relationship, 

implicates heat transfer control of the process.  

As discussed earlier, the cracking of the coal lumps reduces the particle size, and thus 

increases the percentage of finer particles, which will directly lead to the generation of dust. 

Thus, experiments were conducted to investigate the changes in coal particle temperature 

and also study the development of crack in the coal lumps during drying process. The coal 

particle temperature was measured by a thermocouple.   

Figure 8(a) shows the typical rise in coal particle temperature over time at the oven 

temperatures of 100°C and 150°C respectively. Figure 8(b) shows the typical rise in coal 

particle temperature with the reduction of the moisture content in the coal samples. As can 

be seen in these figures, the coal particle temperature increases notably during the initial 

drying period of 30min to 60min (Figure 8a). During this initial drying, the surface 

moisture about 5% was removed, as shown in Figure 8(b) (from moisture content of 25% 
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to 20%). During this period, some fine cracks were developed on the surface of coal 

particle. Further increases in coal particle temperature, the fine cracks were widened and 

the large cracks were developed on the surface of coal particle. Subsequently, the 

developed large cracks are disintegrated with a lot of small pieces of coal particles from the 

parent coal matrix due to the temperature differences between the surface and interior of 

the coal lump, with the surface being heated much faster than the interior causing the lump 

to expand unevenly, thus increased the percentage of finer particle. This aspect is very 

important for the actual drying process in the tumbling environment and thus deserved to 

be investigated in more detail. This will be discussed in the following section.   

It is interesting to note from Figure 8(b) that the reduction in the moisture content 

for both oven temperatures 100 C̄ and 150 C̄ is almost similar up to 5% moisture 

reduction from initial moisture content of 25%. At the same time, at higher oven 

temperature of 150 C̄, further reduction in the moisture content takes place until it reaches 

the equilibrium water content. This is because the equilibrium moisture content of the coal 

sample varies depending upon the drying temperature, drying period and particle size. 

Figure 9 shows the typical equilibrium moisture content of the coal sample obtained for 

different drying temperature. The figure shows that the equilibrium moisture content varies 

from 0.5% to 5.0% over a range of oven temperatures 75 C̄ to 150 C̄ with lower 

equilibrium moisture content for higher drying temperature.  

4.5 Drop Shatter Test   

The drop shatter test (or tumbler test) covers the determination of the relative size 

stability and the friability of a particular size of coal samples. It provides a means of 

measuring the liability of coal to break into smaller pieces when subjected to repeated 

handling at the mine site and during transportation stages. It is also used to indicate the 
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relative extent to which coal samples will suffer size degradation in certain mechanical feed 

devices such as drying the coal sample in a rotary drum dryer. It is a measure of the 

resistance of coal to breakage upon impact and abrasion between the coal samples rubs 

together and against the walls of the drum. This test is useful for measuring the relative 

resistance to breakage of the larger sizes of coal when handled in thin layers such as from 

loader to mine car, from loading boom to railroad car, from shovel to chute, etc. 

Thus, experiments were conducted to investigate the similarity of coals in respect to 

the size stability and friability before and after drying process. This test have been 

conducted using the stainless steel tube of different heights such as 0.5, 1.0m and 2.0m, and 

the coal samples were dropped from the top of tube for measuring the relative resistance to 

breakage of the larger sizes of coal.  

The size distribution of coal particle after dropping test were also recorded 

according to the following sieve opening sizes : (1) >28mm; (2)14~28mm; (3) 10~14mm; 

(4) 5~10mm ; (5) 2~5mm; (6) 0.6~2mm and (7) <0.6mm.  The weight percent of the coal 

particle prior to and again after the drop test were measured. After testing, the resultant 

weight percents are multiplied by their respective average sieve size openings. The sum of 

these products before testing is designed as óSô. The sum of these products after testing is 

designated as ósô. According to ASTM Standard D440-86 
[24]

, the size stability is calculated 

as a percentage by dividing s by S and multiplying by 100%, as can be seen in Table 2. The 

friability is expressed as 100% minus the size stability. Then, the size stability and friability 

of coal particle was calculated for each drop test. In this study, experiments were conducted 

with a single coal particle as well as mixed coal samples.   

Figures 10 and 11 show the typical changes in the size stability and friability of raw 

(air-dried) and oven dried (temperature of 100 C̄) single coal particle (> 28mm) after 
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several drops with the drop height of 2.0m. From these figure, it can be seen that there are 

significant changes in the size stability and friability of oven dried coal particle after 

several drops. This is due to development of more cracks and weakening of the coal 

structure while drying process. It also further reduces the resistance to breakage of coal 

particle upon impact and abrasion as the coal sample rubs together and against the walls of 

the drum. However, for raw (air dried) coal particle, there is a relatively less change in the 

size stability even after several drops. Size stability of coal particle also varies depending 

upon the drop height, as can be seen in Figure 12 for oven dried coal particle. From the 

figure, it can be seen that the size stability of the coal particle decreases with increasing 

drop height. Similarly, the size stability of the mixed (combination of different particle 

sizes) coal samples for oven dried and raw coal samples are also tested. There are relatively 

less changes in the size stability for mixed coal samples for different drop heights which is 

due to the small finer particles acting as a ñcushionò and protecting the disintegration of the 

bigger particles.  The information on the coal friability and coalôs hygroscopic collected in 

this study now provides a good starting point for determining the conditions for the larger 

scale trials in the rotating drum environment.  

4.6 Proximate analysis of coal samples after drying  

 When low rank coal undergoes heat treatment, even at low temperatures (<200°C), 

there will be slight changes in coal chemical properties. Generally when the water content 

of coal sample decreases by 1%, the coal calorific value will increase by about 88 kcal/kg. 

Suggate 
[25]

 reported that for low rank coals (whose volatile matter content is above 35%), 

the calorific value will increase with a decrease in volatile matter content. Hence it is 

important to analyze the change in coal properties after drying process. Figure 13 shows the 

proximate analysis of the Tabang coal sample before and after upgrading (drying at oven 
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150 C̄). From the figure, it can be seen that the ash content of the upgraded coal sample is 

almost similar to the raw coal sample. However, the volatile matter content for upgraded 

coal sample decreases from 49.26% (dry basis) to 46.11%, while the fixed carbon content 

increases from 44.58% (db) to 48.19%.  The decrease in volatile matter content as well as 

increase in carbon content after upgrading process is very beneficial in increasing the 

calorific value of coal.  The calorific value obtained for air dried coal samples with initial 

moisture content of about 25 % is 5238 kcal/kg. The calorific values obtained for coal 

samples after drying in the oven at 100° C with the equilibrium final moisture content of 

about 2% is 6402 kcal/kg.  From these values, it can be seen that there is an increase in the 

calorific values of about 1164 kcal/kg for reduction of about 23 % water content. At the 

same time, the calorific value will also decreases during the re-absorption process. This 

result further confirms that the upgrading process produced coal with better heating value 

and combustion characteristics than those of the raw coal samples. 

5.0 CONCLUSIONS  

An experimental investigation was carried out to investigate the various key factors 

affecting the upgrading of low rank coals. Results from these investigation shows that the 

equilibrium moisture content of the dried coal samples varies from 0.5 % to 5.0 % over a 

range of oven temperatures of 75 C̄ to 150 C̄ with lower equilibrium moisture content for 

higher drying temperature. The moisture content of dried coal samples increases to about 

10 ï 13% due to re-absorption within a period of about 2 to 4 days under an ambient 

environment; also, it varies depending upon the drying temperature used for this particular 

coal. It was found that there is about 10%ï 20% of finer particle size increase after drying 

the coal samples in the oven at a temperature of 100° C.  It was also found that there are 

significant changes in the size stability and friability of oven dried coal particle after 

several drops. The results also show that there are relatively minor changes in the size 
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stability for mixed coal samples for different drop heights which is due to the small finer 

particles acting as a ñcushionò and protecting disintegration of the bigger particles.  
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TABLE 1.  Summary of Characteristics of Raw Coal Samples obtained from Tabang mine  

                 Site (East Kalimantan).  

PROXIMATE ANALYSIS  Units  

Total Moisture   %ARB 30.8 

Inherent Moisture  %ADB 26.8 

Fixed Carbon  %ADB 32.5 

Volatile Matter  %ADB 36.2 

Ash Content  %ADB 4.5 

Total Sulphur  %ADB 0.22 

Calorific Value kcal/kg  ADB 4852 

Calorific Value kcal/kg  DAF 7063 

ULTIMATE ANALYSIS    

Carbon % DAF 73.4 

Hydrogen % DAF 3.71 

Nitrogen % DAF 1.71 

Total Sulfur % DAF 0.32 

Oxygen % DAF 21.40 

Note:  ADB ï air dried basis; ARB ï as received basis; DAF ï dry ash free basis 
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TABLE 2. Typical calculation of size stability and friability of coal samples for a single  

               particle from Tumbler test as per ASTM standard D440-86 
[24]

.   

Round-Hole Sieves,  

(mm) 

 Weight 

Recorded 

(g) 

Weight 

% 

[c] 

Average of Sieve Openings 

 
Product of 

[c×e] 

 Retained 

on [a] 

Passing 

[b] 

Inches 

[d=(a+b)/2] 

Normalizing 

Factor 

[e=d/max. 

average size 

Before test 

14 28 49.08g 100% 21 1 100.00=S 

After test 

14 28 33.02 67.39 21 1 67.39 

10 14 11.11 22.67 12 0.571429 12.9543 

5 10 2.16 4.41 7.5 0.357143 1.575001 

0.6 5 1.93 3.94 2.8 0.133333 0.525332 

0.59 0.6 0.68 1.39 0.595 0.028333 0.039383 

 0.59 0.1 0.20 0.2975 0.014167 0.002833 

Total (Sum of products (c) * (e) for dropped coal)                                                  82.46=s 

Size stability, % = (100  ×  s)/S = (100  ×  s)/100 = s = 82.46    reported as 82 

Friability % = 100 ҍ 82=18 
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FIG. 1. Rate of drying curves (after Rozgonyi and Szigeti 
[19] 

).  

 

FIG. 2. Typical drying kinetics curve obtained for coal samples dried at different 

temperature. 
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FIG. 3. Typical variation of moisture content at different drying temperature and                  
subsequent re-absorption of moisture content. 

 

 

 

 

 

 

 

 

FIG. 4. Typical variation of moisture content at the drying temperature of 100C̄ and subsequent 
re-absorption of moisture content for different drying period. 
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FIG. 5.   Particle size distribution curve for coal samples before and drying at oven 

temperature of 100° C.  

 

FIG. 6. Typical drying rate curves obtained at drying temperature of 100° C for different 

range of particle sizes.  
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FIG. 7. Typical drying kinetics curves obtained at drying temperature of 100° C for 

different range of particle sizes. 
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FIG. 8 (a). Typical rise in coal particle temperature with time at oven temperature of                    

100 C̄ and 150 C̄.   

 

       FIG. 8 (b). Typical reduction in moisture content with increase in coal temperature.   
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FIG. 9.  Relationship between the equilibrium moisture content versus drying temperature.   

 

FIG.10. Typical changes in the size stability of raw (air-dried) and oven dried                   

(Temp.100 C̄) single coal particle after several drops from the height of 2.0m.    
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FIG. 11. Typical changes in the friability of raw (air-dried) and oven dried (Temp 100 C̄) 

single coal particle after several drops from the height of 2.0m. 

 

FIG. 12. Typical changes in the size stability of oven dried (Temp.100C̄) single coal particle after 
several drops at different drop heights of 0.5m, 1.0m and 2.0m.  
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FIG. 13. Proximate analysis of the Tabang coal sample before and after upgrading (drying 

at oven 150 C̄). (AR- as received; DB-dry basis) 
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