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Two unknown samples of coal were tested for various physical and chemical properties. These components were used to classify the coal as well as to determine the good and bad characteristics of different types of coal. A literature review of liquefication and other improvements is presented, and coal is compared to ethanol as a viable energy source.  

Introduction


Since the first discovery of coal’s energy potential in America by Necho Allen, it has become a major and much debated source of alternative fuel.  In the late 1700s the discovery of coal reserves in the U.S. marked a turning point in America’s energy market. (1) Even though coal is a valuable resource, since the 1970s and the energy crisis, consumption and production has been stagnant. Now, due to rising oil prices and the need to locate alternative sources of fuel, people are considering coal once again as a prospective source for obtaining energy.  However, the debate over coal’s cost efficiency and its damaging effects on the environment is a major hurdle to the acceptance of coal as a satisfactory alternative fuel. One purpose of this study is to analyze chemical and physical properties of coal and to determine its beneficial and detrimental characteristics as a fuel source. Another is to examine the coal liquefication process combined with other methods currently being used to improve quality of coal. Coal will be compared to ethanol in terms of environmental effects, cost, and efficiency. Conclusions will be drawn as to which of the two will be more viable as a fuel source.

Coal Usage
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Coal, one of the most abundant and important fossil fuels in existence today, has had many uses over the centuries.  In its early days, coal was used mainly to heat homes and to fuel transportation.  Now, coal is used to generate power, especially with the increasing need to find replacements for petroleum.  Most of the coal that is mined today is used for electricity generation.  Figure 1 illustrates the process coal undergoes to be used for this purpose.  Coal’s potential as a future energy source is made clear by its economic benefits and its ample supply.  First, the price of coal has been relatively constant over the past years, in comparison to other fuels.  Also, according to future projections, the price is predicted to remain about the same (See Figure 2). (2)  
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The energy demand for coal is also expected to increase significantly in the coming years; a predicted 27% increase by the year 2030 would equal the increase in the nation’s energy consumption from 1972 to 2004.  It is believed that coal is the only fuel that would be ably to meet this demand.  This is because its production has the potential to increase by 1.3 billion tons annually, more than double its production now. 
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All of the world’s economies are working on developing their coal resources (See Figure 3).  The United States alone has 25% of all the world’s coal deposits and is the second largest producer of coal, after China.  The United States expends 24% of the world’s total energy consumption, while relying mostly on fossil fuels such as coal and oil.  Coal fuel does not need to be imported which is a huge economic benefit; not having to import oil could save us $2.5 trillion dollars over the next decade and in the event of a fuel crisis, plenty of coal is available to us (See Figure 4). (3)  In China, coal dominates the energy market, providing for 58% of total energy demands.  China has increased its coal output in recent years; it has more than doubled between 2000 and 2005.  This trend is predicted to increase in this country as well because of the recent demand for coal fuel.  Coal also leads India’s energy market in which 60% of all energy needs are met using coal. (4) 


There are several other uses for coal as well.  A material known as “coke” can be produced from bituminous coal that has been heated in the absence of air until all the volatiles have burned off, forming a carbon-rich, porous and lumpy material.  Coke is used to heat furnaces producing iron or steel, but this substance is considerably less common than coal used for electricity since it costs more and must have a low sulfur and phosphorous content.  Other industries that utilize coal for purposes such as heating ovens or boilers include the glass, pottery, and cement industries. (5)

Testing Coal Components
Some of the main physical and chemical properties that can be tested for in coal are density, ash content, fixed carbon content, carbonate content, moisture content, sulfur content, and the presence of impurities and volatiles.

Density: Differences in density provide for improving coal quality; most of the rock matter and impurities can be removed through liquid separation because denser materials will sink while the pure coal will float on top of the liquid.   The typical density of coal ranges from 1.2 to 1.5g/mL.  Density can be found by finding the mass of a coal sample, determining how much water the sample displaces, and then using the density formula. (6)
Sulfur Content: Sulfur content in coal is an average of 1-2% by weight.  Percent sulfur in coal can be determined through titration.  A coal sample must first be ignited and heated overnight in a muffler furnace to convert the sulfur to the sulfate ion.  Solid barium sulfate is recovered from filtration, dissolved in EDTA (ethylenediamine tetraacetic acid) and then titrated with magnesium chloride. (7)

Fixed Carbon Content: Determining fixed carbon requires first burning the volatiles off, then subtracting the mass of the volatiles from the original mass of the coal.  Knowing the fixed carbon content helps in predictions of the amount of coke that can be produced.  

Carbonate Content: This property can be determined by measuring the amount of carbon dioxide emitted, which tells us the combustible and incombustible carbon content.  The typical complete carbon content of coal ranges from 60-80%. (8)

Impurities/Volatiles: Volatiles are all of the gases and vapors which can be formed by heating the coal at very high temperatures; industries usually heat the coal in nitrogen to about 900-950 degrees Celsius for a period of about seven minutes. 

Moisture Content:  Moisture content can be determined by heating the coal in toluene, heating the coal in nitrogen to 105 degrees Celsius, or by heating it in an oven at 150 degrees Celsius.  The mass should be taken first, and again after removal from the oven, toluene, or nitrogen.  The percent moisture content can then be determined.  Moisture content in coal varies from less than 15% in anthracite, to as much as 45% in lignite. (9)
Ash Content: Determining the ash content is the most important way to determine the coal quality; the lower the ash content, the better.  Ash content in coal can range from 7% to 90%.  Industrially, ash content is determined by heating the coal in a blast furnace and then weighing the residue.  In a lab, the ash content can be tested for by heating the sample in a crucible for a certain time period, allowing it to cool in a desiccator, and then weighing the residue. (10)
Results and Discussion


 The density of Sample 1 was found to be 1.55g/mL, and the density of Sample 2 was found to be 1.40g/mL.  In terms of moisture content, Sample 1 was found to have 1.580% moisture content, while Sample 2 had 0.9512% moisture content.  Table 1 provides an overview of some other physical properties observed in both coal samples.  From our observations and experiments, it was determined that we were working with a bituminous sample of coal (Sample 1: See Image 1) and an anthracite sample of coal (Sample 2: See Image 2).

Table 1: Classifying Coal by Physical Properties

	Physical Property
	Description

	 
	Sample 1
	Sample 2

	Lustre
	greasy, oily, submetallic
	shiny, metallic

	Cleavage
	poor/no cleavage
	easy

	Fracture
	uneven
	uneven

	Tenacity
	tough
	tough

	MOH’s Scale (hardness)
	5.2 (nail)
	 5.2 (nail)

	Opacity
	opaque
	opaque


The other types of coal are subbituminous and lignite.  Table 2 describes the four types of coal as well as their benefits and drawbacks.

Table 2: Comparison of Coal Types (11,12)

	Type of Coal
	Description
	Benefits
	Drawbacks

	Anthracite
	brittle, lustrous, black, known as “hard coal”, density: 1,4-1.5g/mL
	highest rank in coal quality, highest heat value: 22-28 million BTU (British Thermal Units) per ton, lowest moisture content: less than 15%, most efficient, carbon content: 86-98%
	most detrimental to the environment, fairly rare

	Bituminous
	dense, black or dark brown, well defined bands of bright/dark material are common, density: about 1.32g/mL
	most abundant, moisture content: usually less than 20%, heat content: 21-30 million BTU per ton, carbon content: 45-86%
	not highest in coal rank, harmful CO2 emissions, high in sulfur: about 2-3% by weight

	Subbituminous
	dull and easily broken, or black and hard to break, density: about 1.30g/mL
	heat content: 17-24 million BTU per ton, can have properties similar to bituminous coal, clean burning
	moisture content: 20-30%, can have properties similar to lignite, carbon content: 35-40%

	Lignite
	soft, brown, density: about 1.29g/mL
	can still be used as fuel for steam-electric power generation, cleanest burning
	lowest rank of coal, high moisture content: up to 45%, heat content: 9-17 million BTU per ton, carbon content: 25-35%




Making Coal a Better Fuel

Several methods for “cleaning” coal have been developed and are currently in use to make coal more environmentally friendly, as well as increasing its fuel potential.  The main process that is used today to make coal a “better” fuel is coal liquefication, the process of changing solid coal to liquid fuel, through gasification.  This process removes impurities from the coal such as mercury and heavy metals, as well as CO2, to improve efficiency and environmental effects; much CO2 is captured during the gasification process, reducing greenhouse gas emissions.  Liquefied coal is also more biodegradable thanks to its molecular structure.  Other methods currently utilized in improving coal include the development of new plants that can produce up to five thousand gallons of clean coal fuel daily, and hydrogen production from coal.  For example, a proposed plant from General Electric would turn coal into gas, clean up pollutants, and then send the gas through a turbine, the excess heat from which would be used to fire a steam boiler that would then power another turbine connected to a generator. (13)  Another method, developed by the company CoalTek, is the removal of water from coal before burning it.  When compared to regular coal, this coal without water is more energy-intensive by the pound.  Producing hydrogen from coal is also a process being avidly pursued.  The problem here lies in CO2 production, which is being countered by developments in “sequestering” carbon dioxide effectively and safely.  Some large companies are trying to sequester the carbon dioxide underground, and doing so would make burning coal at these factories much easier. (14)


Also joining in the battle to make coal a better fuel is the U.S. Department of Energy who has created a project called the Solid State Energy Conversion Alliance (SECA) whose aim is to create fuel cells as a replacement for combustion.  Fuel cells are efficient, clean, and are relatively easy to maintain.  One major benefit of the fuel cell is its design, which can capture the harmful greenhouse gases produced by the coal. (15)  Another project supported by the Department of Energy is the Clean Coal Technology Program whose objective is to advocate superior coal-based technologies in electric power generation. Equipment will be improved to decrease emissions of nitrogen and sulfuric oxides without increasing costs. (16)

Coal Liquefication

The process of coal liquefication is used to convert coal into an oil supplement of petroleum.  The features of coal liquefication that make it desirable are that it is a quick process and there is an abundance of coal.  The two major methods of producing a liquid fuel from solid coal are direct and indirect coal liquefication, DCL and ICL, respectively.  When the DCL process is used, under high temperatures and in the presence of hydrogen, the coal is put in direct contact with a catalyst.  ICL, however, involves two main steps, gasification, and what is known as the Fischer-Tropsch process.  Gasification comes first, in order to produce a synthesis gas.  In the Fischer-Tropsch phase, the gas is then converted to a liquid through synthesis over a catalyst.  Before the gas is put over the catalyst, it is vital to remove sulfur from the coal, as this element will “poison” the catalyst.  Also beneficial is the removal of carbon dioxide, since this will improve efficiency.  Figure 5 provides an overview of the ICL process.  Both processes have their benefits and their drawbacks; DCL is more efficient by 12%, but it requires a more complicated process and a higher quality coal.  

Coal liquefication is an important process in creating alternative fuels, as it has already been found that coal liquefication is one of the largest possible sources for alternate transportation fuels.  Coal reserves rest at over one trillion tons, with a predicted 164 year production rate.  Natural gas is only predicted to last another 66.7 years, and oil only 40.5.  These predictions are by no means exact and are subject to change dramatically, but they do emphasize the dire need to plan for other fuel sources.  (17)

Coal vs. Ethanol
As many positive reasons there are for using coal as an alternative fuel, there are an equal number of negatives.  Coal takes long periods of time to form and requires massive amounts of resources to mine. Anthracite coal produces, on average, 227.4 pounds of CO2 per million Btu while bituminous coal produces 211.9 pounds of CO2 per million Btu. (8) Another flaw of coal would be the potential for major underground coal fires. Some of these coal fires are impossible to extinguish, one example of such being Centralia, Pennsylvania, a coal fire that has been burning since 1962. The implications of long-burning coal fires are extremely serious. While burning for decades or more, coal fires will discharge massive amounts of harmful gasses and pollutants, especially soot particles, into the air which would contribute to health problems in the surrounding areas and, if severe enough, regional climate changes. (18) Other negative effects include providing for 40% of acid rain, 12.3 million tons of smoke dust, and 90% of all SO2 emissions. (2) It is argued, however, that increasing the usage of coal will be accompanied by reduced emissions. (See Figure 6) Since 1970, usage of coal has tripled while emissions have gone down by a third.  Unfortunately, even with this argument, coal is still not an environmentally-friendly fuel source.
Although the benefits and drawbacks of coal are well known, those of ethanol are not as familiar. Ethanol is an organic compound originating from the fermentation and distillation of certain biological feedstocks such as corn, soybean, sugar cane, and sugar beets. (19)  Ethanol produces 6% less greenhouse gas when compared to coal, and is the cleanest burning fuel in existence today.  The production of carbon dioxide during the coal mining process and the amount of energy required to mine coal is also significantly higher than the production of CO2 during the fermentation and distillation of ethanol and the amount of energy required in harvesting feedstock and producing ethanol. Ethanol is also readily biodegradable and does not upset the natural carbon balance as it is produced from carbon within the biosphere. Along with its environmental benefits, ethanol has created over 160,000 jobs in rural communities and has improved the economy by producing a surplus of feedstock, which can then in turn be exported or converted into other feedstock-based products. (20)  

New ethanol plants were needed to be powered by this fuel, and to date there are already over 110 ethanol plants in America.  The average cost of building new ethanol plants is anywhere between $19 million to $60 million, compared to the rising costs of building coal plants which can be as high as $400 million. (21)  Ethanol is already used as a blend called E85 in almost 50% of our fuel supply.  This use of ethanol replaces the use of gasoline that would consume over 600,000 barrels of oil daily.  Ethanol is also used to fuel automobiles, known as flexible fuel vehicles (FFVs), power equipment, motorcycles, and snowmobiles.  Not only can it be widely used, but it also increases the performance of engines, and in fact, is the highest-performance fuel on the market. (22)  When presented with the argument between coal and ethanol as the more viable of the two alternative fuel sources, it is simple to see the advantages of ethanol over coal.

Conclusion
In conclusion, we were presented with two samples of coal: bituminous and anthracite.  They were evaluated, along with the other coal types, lignite and subbituminous.  All types of coal have their benefits and their downfalls, yet regardless coal is an important fuel source and much is still being done today to improve its quality.  While coal might not be the best choice for an alternative fuel, it is clear that its usage is not going to decline anytime soon.
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Experimental Procedures
Determining Density:  A piece of Sample 1 (bituminous) with a mass of 0.776g was broken off from the original sample.  A glass beaker was half-filled with water, and the coal was dropped in to see if its density was greater than that of water.  After finding that the coal was denser than water, a graduated cylinder was filled with 40.0mL of water.  When the coal was dropped into the graduated cylinder, it was found to have displaced 0.50mL of water.  After a second trial, involving 5.00mL of water, it was found to have displaced 0.50mL of water again.  Therefore, using the density formula, it was concluded that the density of the bituminous coal sample is 1.55g/mL. The same procedure was followed and it was found that a piece of Sample 2 (anthracite) with a mass of 6.53g has a density of 1.4g/mL. 

Moisture Content: A piece of Sample 2 with a mass of 3.572g and a piece of Sample 1 with a mass of 4.555g was taken and placed in an oven at 150(C for three days and nights. After the specified period of time, the samples were removed and the mass was taken again. The new masses of the samples were found to be 3.538g and 4.483g respectively.  By utilizing this formula:
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it was determined that the sample of anthracite coal had a moisture content of 0.9512% while the sample of bituminous coal had a percent moisture of 1.580%.

Tables and Figures

Table 1: Physical Properties of the Coal Samples

	Physical Property
	Description

	 
	Sample 1
	Sample 2

	Lustre
	greasy, oily, submetallic
	shiny, metallic

	Cleavage
	poor/no cleavage
	easy

	Fracture
	uneven
	uneven

	Tenacity
	tough
	tough

	MOH's Scale (hardness)
	5.2 (nail)
	 5.2 (nail)

	Opacity
	opaque
	opaque


Table 2: Comparison of Coal Types
	Type of Coal
	Description
	Benefits
	Drawbacks

	Anthracite
	brittle, lustrous, black, known as “hard coal”, density: 1,4-1.5g/mL
	highest rank in coal quality, highest heat value: 22-28 million Btu (British Thermal Units) per ton, lowest moisture content: less than 15%, most efficient, carbon content: 86-98%
	most detrimental to the environment, fairly rare

	Bituminous
	dense, black or dark brown, well defined bands of bright/dark material are common, density: about 1.32g/mL
	most abundant, moisture content: usually less than 20%, heat content: 21-30 million Btu per ton, carbon content: 45-86%
	not highest in coal rank, harmful CO2 emissions, high in sulfur: about 2-3% by weight

	Subbituminous
	dull and easily broken, or black and hard to break, density: about 1.30g/mL
	heat content: 17-24 million Btu per ton, can have properties similar to bituminous coal, clean burning
	moisture content: 20-30%, can have properties similar to lignite, carbon content: 35-40%

	Lignite
	soft, brown, density: about 1.29g/mL
	can still be used as fuel for steam-electric power generation, cleanest burning
	lowest rank of coal, high moisture content: up to 45%, heat content: 9-17 million Btu per ton, carbon content: 25-35%




Image 1: Sample 1 – Bituminous Coal Sample
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Image 2: Sample 2 – Anthracite Coal Sample
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Figure 1: Coal in a Power Plant

[image: image8.png]


Figure 2: Current and Projected Costs of Coal
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Figure 3: Global Coal Use Soars in 3 Years

Figure 4: Coal Deposits in the United States
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Figure 5: The ICL Process


Figure 6: Coal Use Grows While Emissions Decline
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