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ABSTRACT

Low rank coals constitute a major energy source for the future as reserves of such high
moisture coals around the world are vast. Currently they are considered undesirable since
high moisture content entails high transportation costs, potential safety hazard in
transportation and storage and the low thermal efficiency obtained in combustion of such
coals. Furthermore, low moisture content coal is needed for the various coal pyrolysis,
gasification developed to exploit low rank coals. Hence, various upgrading processes have
been developed to reduce the moisture content. Moisture re-adsorption and spontaneous
combustion are important issues in coal upgrading processes. This paper discusses results
of laboratory experiments conducted to study the options for minimization of re-adsorption
of moisture after drying of selected coal samples. Results suggest that there is little benefit
in drying low rank coal at high temperature. It was found that the higher the amount of
bitumen used for coating the lower is the re-adsorption of moisture by dried coal. Also,
mixing high temperature dried coal with wet coal in appropriate proportion can yield

reduced moisture content as the sensible heat in the hot coal is utilized for evaporation.

KEYWORDS: coal drying, moisture content, re-adsorption, spontaneous combustion, heat

treatment, blending.
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1.0 INTRODUCTION

Low grade coals, which are mainly lignite and low grade sub-bituminous, constitute
over 85% of the global coal reserves. Their high moisture content, greater tendency to
combust spontaneously, high degree of weathering, and the dusting characteristics restrict
wide-range use of low rank coals. The price of coal sold to utilities depends upon the
heating value of the coal. Reduced moisture content of coal increases the efficiency of
power plants, decreases transportation costs, decreases ash disposal requirements, and
decreases power plant emissions. Thus, removal of moisture from low rank coals is an
important operation.

Various dewatering and upgrading processes have been developed in a number of
industries since 1920s * *° *3to reduce the moisture content and produce coal with higher
calorific value and lower transportation costs. Depending on the drying/dewatering
conditions, significant changes to the low rank coal structure and the physical and chemical
properties may take place during processes. Recently, Karthikeyan et al ™! studied the
drying characteristics of low rank coals and discussed the factors affecting quality.
Conventional evaporative drying processes are useful if the dried coal is utilized
immediately (i.e. coal drying is carried out at the utilization site). All coals are susceptible
to exothermic oxidation at ambient temperature. If this heat is not removed, it can lead to
spontaneous combustion. Low susceptibility to spontaneous combustion is essential for
safe storage and transportation of coal. Thus knowledge of this problem is very valuable in
helping to make decisions on the precautions needed during storage and transportation. At
the same time, if the coal is used some time after drying, handling and transportation can
lead to moisture re-adsorption. In an effort to prevent re-adsorption of moisture and

spontaneous combustion, various upgrading processes have been proposed.
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The objective of this study is to evaluate some upgrading processes to prevent the re-
adsorption of moisture by dried coal samples. This paper discusses laboratory scale studies

conducted to examine re-adsorption of moisture by dried coal.

2.0 POROSITY AND MOISTURE CONTENT OF COAL

Low-rank coals such as lignite can have moisture contents in a range from 30% to
70%, while bituminous coals have relatively low moisture of 10% or less. The elimination
of water is then an integral part of the coalification process. Coal water content also has a
significant ef fect on the coal d6s wutilizat:i
their exploitation). The amount of equilibrium moisture held by a coal depends on the
vapour pressure in the atmosphere to which it is exposed. The usual method of studying the
water in coal is to measure a water sorption isotherm, which depicts the moisture content of
the coal as a function of relative humidity (relative vapor pressure). Figure 1 shows the
moisture sorption isotherms measured at 20°C on different coal samples . The pressure
is expressed on a relative vapor pressure basis (P/Py), which is the ratio of water pressure to
the saturation vapor pressure of water at the isotherm temperature. The generally accepted

interpretation of sigmoid-shaped isotherms *® with water as sorbate is as follows.

(a) The water removed at close to the saturation vapor pressure (above 0.96P/Py) in
nearly vertical part of the isotherm is free or bulk water admixed with the coal and
contained in macro- pores and interstices.

(b) In the convex part of the curve from about 0.96 to 0.5P/P, the water is desorbed
from capillaries and the depression in vapor pressure can be explained by a

capillary meniscus effect.
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(c) Below relative vapor pressures of 0.5, the Kelvin equation predicts pore sizes on the
order of a few molecular diameters.

The moisture content of the coal in equilibrium with a relative humidity of 96% at 30<C is

referred to as the equilibrium moisture (moisture holding capacity of a coal, bed moisture).

While moisture contents at high humidity is consistent with coal porosity, the shape of the

sorption isotherms, especially at low relative pressures, characterizes interactions between

solid and vapor molecules.
3.0 SPONTANEOUS COMBUSTION OF COAL

Spontaneous combustion results from self heating of coal, the surface phenomenon
which depends on coal surface properties and particle size; in general, the finer the particles,
the greater the tendency for self heating. It is a common observation that stored coals tends
to heat up when exposed to rain after a sunny period, or when placed on a dry pile while
wet. This is consistent with the research results X" **!which identify coal oxidation, heat
of wetting and condensation, and oxidation of pyrite as the main exothermic reactions that
raise the temperature of a coal pile. Various aspects of coal spontaneous combustion have
been widely studied 7 *°!. Barve and Mahadevan *® found a good correlation between

the susceptibility of coals to spontaneous combustion and moisture and ash contents.

Laskowski ™ has stated that the wetting of coal surface results from interactions
between the coal surface and water molecules. While bituminous coals and especially
medium- and low-volatile matter bituminous coals are very hydrophophic, lower-rank coals
are much less hydrophobic. The low rank coals contain a considerable amount of oxygen
and a good correlation between water sorption on coal and its content of oxygen is well
established. Fuller % discussed the heat of immersion of coal samples in water, as shown

in Figure 2 and the results confirm that the heat of immersion varies markedly with the
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rank of the coal. The lower-ranked coals which have quite a large content of oxygen
functional groups and a more open and loose structure actively interact with water and the

heat of evolution on wetting exhibits a 10-fold increase for lower rank coals.

Both the wetting of dry coal by water and the condensation of water when coal is in
contact with humid air release a substantial amount of heat, which raises the temperature of
a coal pile. This is especially significant if the coal has been previously dried so that all the
surface moisture has been removed. Since the rates of organic chemical reactions double
for every 10 C rise, and the reaction between coal and oxygen is exothermic, this further
speeds up the rise in temperature. Once higher temperatures are reached, the rate of
oxidation and subsequent heat generation increases drastically until ignition occurs.
Calorimetric studies conducted by Fuller 2% shows that due to polarity of minerals (SiO-,
Al,0O3, CaCOs, etc), the heat of wetting of coal by water is greater for the mineral-rich
fractions and it is widely accepted that the high ash levels in the coal contribute to

spontaneous combustion.

4.0 EXPERIMENTAL DETAILS
4.1 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 characteristics of this raw coal sample
is given in Table 1 and also reported in Karthikeyan et al. ¥, According to ASTM
Standard D388-05 ?!!, 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
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of this raw coal is relatively low. The main objective of this study is to examine various
upgrading process to prevent the re-adsorption of moisture for oven dried coal samples.
Typical drying curves obtained for coal samples at different drying temperatures (75<C,
100<C and 150<C) and also subsequent re-adsorption of moisture at ambient environment,
as shown in Figure 3. Karthikeyan et al. ™ concluded that the moisture content of oven
dried coal samples increases about 10 i 13% due to re-adsorption within a period of about
2 to 4 days and varies depending upon the drying temperature used. This re-adsorption is

under an ambient environment of about 80 % humidity at room temperature of 27 <C.

5.0 MINIMIZATION OF RE-ADSORPTION BY DRIED COAL

Moisture re-adsorption is an important issue in coal production and transportation as
handling and transportation processes expose the dried coal to moisture in the humid
atmosphere. There are various upgrading processes proposed to prevent or minimize the re-
adsorption of moisture such as (1) Heat treatment at high temperature; (2) Coating of dried
coal samples using bitumen (3) Coating of dried coal samples using bitumen along with a
solvent. (4) Blending of hot dried coal samples with raw coal samples. The laboratory
experiments were conducted to reduce the re-adsorption of moisture content of dried coal

samples and the details of these experiments are discussed in the following section.
51 Heat Treatment at High Temperature

Many excellent reviews 2" 2’ have reported on the factors affecting coal pyrolysis
and product composition. When heated to approximately 100 C, physically sorbed
moisture is liberated. Heating low rank coals, such as lignite that contain appreciable
carboxylic functional groups will liberate carbon dioxide by thermal decarboxylation. Over

50% of the carboxylic acid functional groups are lost in the temperature 100-250 C. As the
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temperature of thermal treatment increases to the range 200-400 C, coal produces a number
of lower molecular weight organics species (especially aliphatic compounds), which are
believed to arise from components that are loosely bound to the more thermally stable part
of the coal structure. At a higher temperature (375-400 C, depending on the heating rate),
thermal destruction of the coal structure occurs. At still higher temperatures (600-800 C.
depending on the heating rate), the plastic mass undergoes reploymerization, forming semi-
coke (solid coke containing significant volatile matter). Also, there is some direct as well as
indirect evidence suggests that important molecular rearrangements begin to take place in
coal sample at temperature range of 175-200C. At temperatures above 270<C,
decomposition of carboxylic groups in coal may occur, waxes and tars are expected to form
and coat the coal surface, blocking the microspores which in turn are able to reduce the
hydrophilic nature of coal. Hence, experiments were conducted to examine the behaviour

of dried coal samples under high temperature heat treatment.

In this series of experiment, raw coal sample (inherent moisture content 25.8%) was
heated in oven at temperature of 150<C until it reached its equilibrium moisture content.
This stage of the process removed almost all of the moisture content of coal sample and
significantly reduced the volatile matter. Then this oven dried coal is heat treated using
high temperature furnace at different temperature ranges from 350 to 450C with
temperature being raised linearly at 5 C/min. The re-adsorbed moisture content curves for
these different high temperature of dried coal sample are shown in Figure 4 along with low
temperature (150 <C) dried coal sample. From the figure, it can be seen that the re-adsorbed
moisture content for high temperature dried coal sample (i.e. at 350 C - 450 C) is about
11% and it is about 2% to 3% lower than the re-adsorbed moisture content of coal samples

dried at low temperature of 150 C (re-adsorbed moisture content is about 13%). The
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decrease in re-adsorbed moisture content is due to the less tar formation during this process

and coating the coal particle surfaces, thus reduces the moisture re-adsorption.

These results suggest that there is no significant amount of tar formation in this dried
coal due to the nature of coal. This is because the heating of the low rank coal such as
lignite does not soften much and becomes plastic as it contains high oxygen content and the
tars generated from lignite is less thermally stable. In addition, the coal drying process at
higher temperature than 150 C results in additional organic matter loss, as can be seen in
Figure 5. This additional organic matter loss of coal sample increases with increasing
drying temperature from 350 C to 450 C. This result shows that there is possibility of
changes in the molecular structure of dried coal samples at higher temperature. Hence, it is
important to reduce the amount of additional organic material loss or released by a careful
choice of drying conditions. For this particular coal, there is little advantage for the coal

sample drying at higher temperature while comparing with the use of energy in this process.

5.2  Coating of dried coal samples with bitumen

These experiments were conducted by coating the dried coal samples with bitumen to
reduce moisture re-adsorption. In this experiment, low rank coal is heated at an oven
temperature of 150 C until it reaches equilibrium. Then, the vessel was allowed to cool and
a small amount of bitumen (2 % to 10% of the weight of raw coal) was added. The second
stage consisted of bitumen coating process whereby the mixture of coal and bitumen was
heated at high temperature from 250 C - 300 C with temperature being raised linearly at
5 C/min and left to cool to room temperature. During the heating and cooling process,
bitumen vaporized and deposited onto the surface of coal. Figure 6 shows the typical
moisture re-adsorption results obtained for different percentage of bitumen used for coating.

The resultant of moisture re-adsorption for the dried coal samples is about 8% to 10%. It
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was found that there is not much advantage of adding more bitumen for coating from 2% to
10% due to non-uniform coating, there is clearly less moisture re-adsorption with at least

2% of bitumen takes place.

Experiments were also conducted by coating the dried coal samples with bitumen
along with a solvent to reduce the moisture re-adsorption. In this experiment, low rank coal
was heated at superheated steam oven at temperature of 150 C until it reaches equilibrium
moisture content. A specific amount of bitumen (2 % to 10% of the weight of raw coal)
was dissolved in a solvent (thinner). Dried coal was then soaked in the bitumen liquid in
room temperature, and placed in Superheated Steam (SHS) (130 <C) oven to vaporize the
solvent entirely. During the heating and cooling process, bitumen vaporized and deposited
onto the surface of coal. Figure 7 shows the typical moisture re-adsorption results obtained
for different percentage of bitumen used for coating with thinner as a solvent. The resultant
of moisture re-adsorption for the dried coal samples is about 5% to 10%. The results
demonstrate that the higher percentage of bitumen used with fixed amount of solvent for
coating and lesser the moisture re-adsorption. At the same time, there is little benefit for

the coal sample coating with bitumen while comparing with the cost of coating materials.

5.3  Blending of hot dried coal with raw air dried coal

During coal drying process, the temperature of coal discharged from the dryer is
very high, about 100~200<C depending upon its drying temperature. In most of the cases,
the heat energy from these dried coals will be lost unless efforts are taken to utilize this
heat energy in a recycling process or used as a heat source for drying other coal samples.
Also, hot coal exposed to ambient air poses severe risk of fire and explosion. Dried coal
must be cooled prior to storage. Hence, it is important that the heat energy from dried coal

is recovered and utilized; then, the efficiency of the whole drying process will be improved.
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At the same time, if the efforts to recycle the heat energy is not managed, hot dried coal
produced from the high temperature when exposed to an ambient environment will increase
the possibility of natural spontaneous combustion. This is especially critical for low-rank
coals of high volatile content, as discussed previously. In this study, the laboratory
experiments were conducted to resolve these two problems together, by blending the hot
oven dried coal with raw (air dried) coal. Using the heat energy in the hot coal to vaporize
the moisture in air dried coal, which in turn cools down the hot oven dried coal, the hot
dried coal has minimal contact with ambient air in storage and prevents potential fire

hazards.

In this experiment, low rank coal is heated at oven temperature of 150 C until it
reaches equilibrium moisture content. Then, a small amount of ambient air dried coal was
blended with hot coal and allowed to cool at room temperature. Figure 8 shows a typical
comparison of moisture re-adsorption curves between the oven dried coal sample and
blending of the hot oven (Temp 150 C) dried coal sample (500gms) with 200gms of raw
(air dried) coal sample. From the figure, it can be seen that the final re-adsorbed moisture
content for both oven dried and blended coal samples is almost similar, which is about 13%.
The rate of moisture re-adsorption is quite different for these two cases. For oven dried coal
samples, when it was taken out from the oven and re-absorbing the moisture immediately
from the atmosphere under the temperature gradient of BT = T gven = T atmosphere. HeNCe,
there is very rapid moisture re-adsorption immediately, after which, the increase of
moisture content is very slow. On the other hand, for the blended coal samples, during the
process of the mixing of oven dried coal samples with raw coal samples, some of heat
energy from the dried coal samples is transferred to the raw coal samples. Thus, the
temperature gradient of the blended coal samples is lower than the oven dried coal samples.

Hence, the rate of moisture re-adsorption is lower for the blended coal samples. This result
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confirms that the blending of hot dried coal with raw coal is beneficial as it was used to dry
some additional raw coal samples as well as the reducing the potential for spontaneous

combustion of coal samples.

These results suggest that it is important to design the blending process with an
optimum proportion of raw coal sample and possible spontaneous combustion and re-
adsorption of moisture content in mind. Commercially, this is also important especially in
the full scale operation where the large of quantity of coal sample can be dried with

minimum use of energy. This will mean significant cost saving in overall.

6.0 CHANGES IN CALORIFIC VALUE

A bomb calorimeter as used to determine the heating value or the calorific value of
the coal samples. Figure 9 shows the relationship between the calorific value and different
moisture content of this particular coal samples. 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, this graph also implies that the calorific value
decreases during the re-adsorption process. In addition, this graph is also includes the
calorific values obtained for different test conditions used for minimization of re-adsorption
of moisture content. It is important to limit re-adsorption of moisture to less than 10% in

the dried coal samples.

7.0 PRACTICAL ASPECTS ON DRYING OF LOW RANK COALS

Low-rank coals (LRC) T e.g., brown, lignite and sub-bituminous coals represent nearly
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one half of the estimated coal resources in the world and are the only sources of low-cost
energy in many developing nations. LRCs are typically present in thicker seams with less
overburden than bituminous coals, thus making them recoverable by low-cost strip mining.
From a user angle, LRCs have a lower fuel ratio (i.e., fixed carbon to volatile matter) and
are typically more reactive than bituminous coals; many also have extremely low sulfur
contents (a few tenths of 1 %). Low mining costs, high reactivity, and extremely low sulfur
content would make these coals premium fuels if not for their high moisture levels. Among
coal importers, high moisture creates a mistaken perception of interior quality and hence
many positive features of LRCs are neglected. LRCs can be combusted either as blending
component with high- rank coal in existing boilers, or in new boilers designed for LRCs. It
IS now accepted that no single process can be suitable as a universal drying technology for
all LRCs. The need of the end user requires dictate the type of process. If the end user
requires dried lump coal for stoker applications, a process that uses or generates fines
would not be a reasonable option. An end user with advanced combustion applications will

require finely ground coal.

From a producerds poi nt of Vi ew, a pr e’
technologies: one to produce sized dry coal and the other to make coal-water fuel from the
fines for a different market. However, three stability issues must be solved before bulk
dried LRCs can be used. (a) Moisture re-adsorption (b) dust generation (c) spontaneous
combustion. Since the strength of LRCs is significantly reduced when their gel-like
structure is destroyed by drying, the dried product breaks down rapidly, generating large

amount of dust, and becoming more liable to spontaneous combustion.
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8.0 CONCLUSIONS

Experiments were conducted using various upgrading processes to prevent the re-
adsorption of moisture content for the dried coal samples, such as (1) Heat treatment at
high temperature; (2) Coating of the dried coal samples with bitumen with different
percentage ranging from 2% to 10%,; (3) Coating with bitumen with different percentage
ranging from 2% to 10% along with thinner as a solvent. (4) Blending of hot dried coal
samples with raw coal samples. An experimental result suggests that there is little benefit
for the coal sample drying at higher temperature while comparing the cost of energy used
for this process. It was also found that the higher percentage of bitumen used for coating
and lesser the moisture re-adsorption. The rate of moisture re-adsorption is lower for the
blended coal samples. This process is beneficial as it was used to dry some additional raw
coal samples as well as the reducing the potential for spontaneous combustion of coal
samples. It is important to design the blending process with an optimum proportion of raw
coal sample and possible moisture re-adsorption in mind. Commercially, this is also
important especially in the full scale operation where the large of quantity of coal sample

can be dried with use of minimum energy. This will mean significant cost saving in overall.

ACKNOWLEDGEMENTS

The author would like to express his profound sense of gratitude and heartfelt
thanks to Professor Arun S Mujumdar of NUS for his valuable suggestions and continual
guidance rendered by him at all stages of this research. The author would like to thank
Bayan International Pte Ltd, Singapore, especially the company Chairman Dato Low Tuck

Kwong, for their support of this project.

13|Page



M3TC Technical Report ¢ Coal Drying TN-08-02

REFERENCES

1. Fleisner, H. Drying Coal, U.S. Patent 1, 632, 829, June, 1927.
2. Potter, O.E. Dry as Dust or How to Dry Particles with Energy Economy, Chemical
Engineering in Australia, 1979, Vol. ChE 4, No.2, 26-29.

3. Taoda, K., Ito, Y., Uehara, S., Sato, F., and Kumagaya, T. A study on upgrading low-
grade coals by heat treatment. Technical Review, Mitsubushi Heavy Industries, LTD,
October, 1982.

4. Chari, M.V. and Huettenhain, H. Thermal upgrading of Low Rank Coals: A process
Survey, 5™ Annual EPRI Contractors Conference on Coal Gasification, Palo Alto, CA,
October 30-31, 1985.

5. Faber, E.F., Heydenrych, M.D., Seppa, R.V.l. and Hicks, R.E. A Techno-economic
Compression of Air and Steam Drying, Dr
Hemisphere, New York, 1986, 588-594.

6. Potter, O.E.; Guang, L.X.; Georgeakopoulos, S.; Ming, M.Q. Some Design Aspects of
Steam-f | ui di zed Heat & thteriationaleDrying SyrhpBsBrd),g@nce, 6
September, 1988, 307-314.

7. Mujumdar, A.S. Superheated Steam Drying: Principles Practice and Potential for Use
of Electricity, Canadian Electrical Association, Montreal, Quebec, Canada, Report No.

817, U 671, Canadian Electrical Association: Montreal, Quebec, 1990; 127.

8. Suwono A. and Hamdani , U. Upgrading the
steam drying with tar coating process and its application for preparation of CWM, Coal
Preparation, 1999, 21, 149-159.

9. Le Roux, M. Campbell, Watermeyer, M.S. and Oliveria, de. S. The optimization of an
improved method of fine coal dewatering. Journal of Minerals Engineering, 2005, 18,
931-934.

10. Pikori, J. and Mujumdar, A.S., Drying of Coal. Handbook of Industrial Drying, edited
by Mujumdar, A.S., 3rd edition, CRC Press, Boca Raton, Florida, USA, 2006, 977-
1007.

11. Lee, D.J. Lai, J.Y., and Mujumdar, A.S. Moisture Distribution and Dewatering
Efficiency for wet materials. Drying Technology, 2006, 24 (10), 1201-1208.

12. Klutz, H.J., Moser, C. and Block, D. WTA Fine Grain Drying T Module for Lignite-

Fired Power Plants of the Future, VGB Power Tech Report; 2006.

1l4|Page



M3TC Technical Report ¢ Coal Drying TN-08-02

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

26.

Eagle, G.1. Unlocking the Energy Value of Victorian Brown Coal. The Monash Energy
Project. Proceedings of Australian Institute of Energy National Conference 2006,
Melbourne, November 27-29, 2006.

Karthikeyan, M, Kuma, J.V.M., Chew, S.H., and David Low, N.Y. Factors affecting
quality of dewatered low rank coals. International Journal of Drying Technology, 2007,
25 (10), 1601-1611.

Mahajan, O.P. and Walker, P.L. Water Adsorption on coals. Fuel, 1971, 50, 308.
Allardice, D J. The water in brown coal. PhD thesis, University of Melbourne,
Australia, 1968.

Walters, A.D. Joseph Conrad and the spontaneous combustion of coal. Part I. Coal
Preparation, 1996, 17, 147-165.

Barve, S.D. and V. Mahadevan. Prediction of spontaneous heating liability of Indian
coal based on proximate constituents. Proceedings of the 12th International Coal
Preparation Congress, Cracow, 1994,

Laskowski, J.S. Coal Floatation and Fine coal utilization, Development of mineral
processing, edited by D.W. Fuerstenau. Elsevier, 2001, 368.

Fuller, E.L. Structure and chemistry of coals: calorimetric analysis. Journal of Coll.
Interf. Sci., 1980, 5, 577.

ASTM D388i 05, Standard Classification of Coals by Rank; ASTM International, West
Conshohoken, PA, USA, 2005.

Howard, J. B. Fundamentals of Coal Pyrolysis and Hydropyrolysis, Chemistry of Coal
Utilization, M.A. Elliot (Ed.), Second Supplementary Volume, John Wiley & Sons,
New York.1981, 665-784.

Gavalas, G. R. Coal Pyrolysis, Coal Science and Technology, Elsevier., 1982, 4,
Berkowitz, N. The Chemistry of Coal, Coal Science and Technology, 1985, 7, 213-219.
Solomon, P.R., and Serio, M.A., Evaluation of Coal Pyrolysis Kinetics, Fundamentals
of Physical Chemistry of Pulverized Coal Combustion, J. Lahaye and G. Prado (Eds.),
1987 Martinus Nijhoff Publishers.

Mcllvried 111, H.G., Srivastava, R.D., Winslow, J.C., Maronde, C.P. and Nocetti, R.P.
Coal Technol ogy on Riesel 6s Handboo
Kent, Kluwer Academic Publishers, 2003, 570-632.

15|Page



M3TC Technical Report ¢ Coal Drying TN-08-02

27. Komatina, M., V. Manovic, and A. Saljnikov. A Model of Coal Particle Drying in
Fluidized Bed Combustion Reactor. Energy Sources, Part A: Recovery, Utilization, and
Environmental Effects, Vol. 29 (3), February 2007, 239 1 250.

16|Page


http://www.informaworld.com/smpp/title~content=t713770930~db=all
http://www.informaworld.com/smpp/title~content=t713770930~db=all
http://www.informaworld.com/smpp/title~content=t713770930~db=all~tab=issueslist~branches=29#v29

M3TC Technical Report ¢ Coal Drying TN-08-02

TABLE 1. Summary of Characteristics of Raw Coal Samples obtained from Tabang

mine

Site (East Kalimantan).

PROXIMATE ANALYSIS

Total Moisture
Inherent Moisture
Fixed Carbon
Volatile Matter
Ash Content

Total Sulphur

Calorific Value

Calorific Value
ULTIMATE ANALYSIS
Carbon

Hydrogen

Nitrogen

Total Sulfur

Oxygen

Units
%ARB

%ADB

%ADB

%ADB
%ADB
%ADB

kcal/kg ADB
kcal/kg DAF

% DAF
% DAF

% DAF
% DAF

% DAF

30.8

26.8

32.5

36.2

4.5

0.22

4852
7063

73.4
3.71

1.71
0.32

21.40

Note: ADB T air dried basis; ARB i as received basis; DAF 1 dry ash free basis
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FIG 1. Water vapour adsorption onto coals (at 20 C) as a function of relative pressure
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FIG. 3. Typical variation of moisture content at different drying temperature and
subsequent re-adsorption of moisture content (after Karthikeyan et al. ).
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FIG 4. Effect of coal drying at high temperature on the re-adsorption of moisture content.
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FIG 5. Effect of coal drying at high temperature on the organic matter loss.
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FIG 6. Typical re-adsorption of moisture content results obtained for different percentage of
Bitumen used for coating.
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FIG 7. Typical re-adsorption of moisture content results obtained for different percentage
of Bitumen used for coating along with fixed amount of thinner as a solvent.
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FIG 8. Typical comparison of re-adsorption curves between the oven dried coal sample
and blending of the hot oven (Temp 150 C) dried coal sample (500gms) with 200gms of
raw (air dried) coal sample.
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FIG. 9. Typical relationship between the calorific values and the moisture content of coal samples.
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