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Part 1 Coal Chemistry

Unit 1 Properties of Coal

Introduction

Coal is a kind of brittle, combustible and carbonaceous organic sedimentary rock that is
formed from the decomposition and alteration of plant (or vegetation) by compaction under
high temperature and high pressure. The carbonaceous material of coal is normally more than
50% by weight and more than 70% by volume. Coal also contains different amounts of car-
bon, hydrogen, nitrogen, oxygen and sulfur as well as trace amounts of mineral mat-
ter. Coal is primarily used as a solid fuel to produce heat by burning. The process will
produce carbon dioxide and sulfur dioxide which is supposed to be responsible for the forma-

tion of sulfate aerosol and acid rain.

Burial pressure, heat, and time

D
2

Peat Lignite Sub-bituminous  Bituminous Anthracite

Coal rank

The structure of the buried organic carbonaceous materials changed over time. Peat is
considered to be the precursor of coal and can be used as a highly effective absorbent for fuel
and oil spilling on land and water. Lignite, also called brown coal, is the lowest rank of coal
and is exclusively used as fuel for electric power generation. Sub-bituminous coal, whose
properties range from lignite to bituminous coal, is primarily used as fuel for steam-electric
power generation and an important source of light aromatic hydrocarbons for chemical syn-
thesis industry. Bituminous coal, a black or dark-brown dense sedimentary rock, can be
used not only as fuel in steam-electric power generation. but also for heat and power applica-
tions in manufacturing coke. As the highest rank coal, anthracite is primarily used for resi-
dential and commercial space heating. It is hard, brittle and black lustrous. often referred to
as hard coal.
Coal analysis

Typical coal analysis includes the measurement of moisture, volatile matter, ash and
fixed carbon, which is commercially required to measure the physical and chemical

properties of coals. There are four types of moisture existed in coals, including (1) surface



moisture, which is held on the surface of coal particles, (2) hydroscopic moisture, which
is held by capillary action within the micro-fractures of the coal, (3) decomposition mois-
ture, which is held within the coal’s decomposed organic compounds and (4) mineral mois-
ture, which is partially comprised in the crystal structure of hydrous silicates. The measure-
ment of total moisture is determined by the relative weight loss after one of the following
methods, they are (1) heating the coal with toluene, (2) drying in a minimum free-space
oven at 150°C within a nitrogen atmosphere and (3) drying in air at 100°C to 105°C. Meth-
ods 1 and 2 are suitable for low-rank coals and method 3 is only suitable for high-rank
coals. Air may promote the oxidation of low-rank coals during drying.

Volatile matter of coal is the mixture of hydrocarbons, aromatics and somewhat sulfur
that are liberated at high temperature in the absence of air. The measurement of volatile mat-
ter is determined by additionally relative weight loss under rigidly controlled standards, nor-
mally heating the coal sample to (90045)°C for 7 min. Ash of coal is the non-combustible
residue left after coal is burned. It represents the bulk mineral matter after carbon, oxygen,
sulfur and water have been driven off during combustion. The measurement of ash is deter-
mined by the relative weight of remaining inorganic materials after coal is burned. The fixed
carbon of coal is the carbon found in the material which is left after volatile materials are
driven off. It is used as an evaluation of the approximate amount of coke that will be yielded
from a sample of coal. The measurement of fixed carbon is determined by the relative weight
by subtracting moisture, volatile matter and ash.

In addition to the above industrial coal analysis, ultimate analysis is used on describing
coal elemental composition. For a dried coal, weight percentages of carbon, hydrogen, ni-
trogen and sulfur are measured. The remainder of the coal sample is designated as oxygen.
Physical properties

(a) Relative density

Relative density or specific gravity of the coal depends on the rank of the coal and degree
of mineral impurity. There are some different density measurements for porous coals, inclu-
ding true density or particle density, apparent density, bulk density, and in-place
density. In general, the measurement of true density or particle density is determined by he-
lium displacement because helium can penetrate all the pores of a given coal sample without
any chemical interaction. The measurement of apparent density is determined by weighting
and immersing a coal sample into a liquid which was accurately measured before and af-
ter. The measurement of bulk density is to divide the total weight of coal particles that as-
sembled in a fixed container by the volume of the container. For coal in the seam, the meas-
urement of in-place density will be determined in term of tons per acre per foot of seam
thickness and tons per square mile per food of seam thickness.

(h) Porosity

Porosity is a measure of the void spaces in coal particles, and is a fraction of the volume
of voids over the total volume of coal particles. The calculation of porosity is derived from the

determination of the true specific gravity and the relationship between them.



Thermal properties

(a) Calorific value

When coal is applied in electricity generation, heat generated from coal combustion can
create steam to power the turbine generator. Heating value, or calorific value is then used to
estimate the energy from the coal. Gross calorific value, also known as high heating value
(HHV), is determined by measuring the heat of formation when coal is burned off in a con-
stant-volume calorific-meter. On the other hand, net calorific value, also known as low
heating value (LHV), is determined by subtracting the heat of vaporization of water {rom
the HHV. For porous coal, especially for the low rank coal, water can be absorbed on coal’s
hydrophilic surface sites or stay in pores by capillary force. LHV was then used to estimate
the combustion heat of the coal. In this case, water is only treated as vapor and the energy
for vaporizing the water is not recognized as heat.

(b) Heat capacity

The heat capacity of coal can be measured by standard calorimetric methods. The value
of heat capacity is equal to the ratio of the heat to the amount of substance, mass, or vol-
ume. The specific heat capacity of coal usually increases with content of volatile matter and
moisture.

(¢) Thermoplastic properties

The plastic behavior of coal is very important for semi-quantitative evaluation of metal-
lurgical coal and coal blends used in the production of coke for steel industry. When bitumi-
nous coals are heated from 300°C to 500°C in the absence of air, volatile materials will be re-
leased and the solid coal particles will be soften. Bituminous coal become a plastic-like mass
that swells and eventually re-solidifies.

(d) Ash fusibility

The fusibility of coal ash is determined by observing the temperature. During the test,
coal is heated to a desired temperature at a specified rate under oxidizing atmosphere. An ap-

proximate ash fusion temperature can be observed when coal is sintered, melted and flowed.

Specialized English Words

Combustible Able to burn easily.

Sedimentary Made of the solid substances that settle at the bottom of the sea,
rivers, lakes etc. ; sedimentary rock.

Decomposition To decay or make something decay.

Aerosol A small metal container with liquid inside. Press a button on the
container will drive the liquid come out in very small drops.

Bituminous A type of coal with a high percentage of volatile matter that burns
with a smoky yellow flame. Also called soft coal.

Sub-bituminous A type of coal whose properties range from those of lignite to those
of bituminous coal and are used primarily as fuel for steam-electric

power generation.



Anthracite

Lustrous

Moisture

Volatile
Ultimate

Micropore
Hydrophilic

Capillary

Metallurgical

Fusibility

Acid rain

True density
Apparent density
Particle density

Bulk density

In-place density

A dense, shiny coal that has a high carbon content and little vola-
tile matter and burns with a clean flame. Also 'c.alled hard coal.
Having a high, radiant sheen or glow. Gleaming with or as if with
brilliant light. Radiant.

Diffuse wetness that can be felt as vapor in the atmosphere or con-
densed liquid on the surfaces of objects, dampness.

A volatile liquid or solid substance will change easily into a gas.
Most extreme or important because either the original or final, or
the best or worst.

A pore in a catalytic material whose diameter is less than 2 nanometers.
Having an affinity for water; readily absorbing or dissolving in water.
A tube that is very narrow inside. The chemist used a capillary tube
to move the drop of liquid.

The science that deals with proceddres used in extracting metals
from their ores, purifying and alloying metals, and creating
useful objects from metals.

Capable of being fused or melted by heating.

Expressions and Technical Terms

Acid precipitation falling as rain.

The true density is the ratio between the mass and the volume of a
material.

The weight per unit volume of solid particles, in contrast to the
weight per unit volume of the individual particles.

The density of the particles that make up the powder.

Defined as the mass of many particles of the material divided by the
total volume they occupy. The total volume includes particle
volume, inter-particle void volume, and internal pore volume.
The in-place density of coal is the means by which coal in the seam
can be expressed as tons per acre per foot of seam thickness or tons

per square mile per foot of seam thickness.

Notes

(D Organic sedimentary rock: Like some limestone and coal, organic sedimentary rock

is formed largely from the remains of once living organisms, such as marine organisms and

vegetation. After these remains were piled up and covered by more and more deposits, they

would gradually undergo compaction and petrifaction.

(2 Coke rank: The degree of alteration that occurs as a coal matures from peat to an-

thracite. Low-rank coals, such as lignite and sub-bituminous coals, have lower energy con-

tent because they have lower carbon content and higher moisture level. As time, heat and



Part 1 Coal Chemistry

burial pressure increase, the rank does as well. High-rank coals, including bituminous and
anthracite coals, contain more carbon than lower-rank coals which results in a much higher
energy content. They have a more vitreous (shiny) appearance and lower moisture content

then lower-rank coals.

Reading Material 1 Situation of China’s Coal

Resources and reserves

It is widely agreed that China possesses the third largest coal resources in the world,
behind the United States and Russia. In 2010, China’s coal reserve was reported as high as
114. 5 billion tones based on raw coal. Shanxi province has the richest coal reserves in China,
followed by Inner Mongolia and Shaanxi province. On a national level, 54% of China’s coal
reserves are classified as bituminous coal by volume, versus 29% sub-bituminous and 16 %
lignite. China is mainly focusing on extraction of bituminous coal and paid less attention on
the production of anthracite and lignite. The production of bituminous coal reaches 76 % of
China” s total coal production. The average depth of China’ s coal mines is 456
meters. Xinjiang province has more than half of coal reserves located at less than 1000 meters
below the surface. Mines in eastern China are particularly deep. with an average depth of 600
meters.

North China contains the vast majority of domestic coal reserves and more than half
the population. However, the regions have access to only 20% of national water re-
sources. The distribution of coal and water resources leads to many challenges in meeting
demand. The demand of coal is distributed in most parts of China, notably in coastal
areas, but the supply of coal is concentrated in northern regions. Average per capital water
in China is only 1/8 of the national average and 1/25 of the world average. As for China’s
mining industry, it has been estimated that the extraction of 1 tonne of coal requires 53 ~
120 liters of water, depending on the location and depth of the coal. An additional 4 tonnes

of water is needed for coal washing. which can reduce sulfur and particulate content while

increasing energy content of raw coal.

Although China’ s coal resource is less than United States and Russia, it heavily
depends on coal as a primary source of energy. Coal’s share in China is as high as 67 % while
it is only 24 % in United Stated and 16% in Russia. The unbalanced fossil resource distribu-

tion, self sufficiency and energy security lead to high levels of coal usage in China.



Coal usage

The long-term trend in China’s coal usage is shift from direct coal utilization to trans-
formation, primarily through thermal electricity generation. Between 2000 and 2006, total
direct coal utilization dropped from 35% to 26% of annual coal consumption. Over the same
period, power generation increased from 42% to 50% of the total. Industry use of coal in-
creased on an absolute basis, but declined from 26 % to 20% of total consumption. The shift
from end use to transformation of coal is driven by inter-related processes of urbanization,
heavy industry growth, and rising per-capital consumption.

The surge of coal cohsumption between 2000 and 2007 was largely driven by the rapid
increase in electricity demand. Coal-fired power generation accounted for 56 % of the marginal
increase in coal use between 2000 and 2005. Over the same period, growth in coal used for
power generation was still the largest growth drivers, followed was the growth in coal used
for coke production (18%), for delivered heating (district heating) (6%), for chemicals
production (3%) as well as the end-use of coal for production of building material (6% ).
The increase of coal is also related to China’s electricity generation system. From 1980 to
2007, coal’s share of electricity generation capacity has grown steadily from 69% to 78%
. The absolute amount of coal-fired capacity grew at an average annual growth rate of more
than 12% between 2000 and 2007, from 238GW to 554GW.

The average efficiency of thermal electricity generation is comparatively low in China
due to the prevalence of small, outdated coal-fired power plants. Larger-scale plants are
more capital intensive and require less coal per unit of output. However, only 45% of plants
had a capacity of no less than 300 MW according to the China Electricity Council in
2006. Generally. four types of coal-thermal generation technologies are used in China. They
are sub-critical, supercritical, ultra-supercritical and Integrated Gasification Combined
Cycle (IGCC) . The majority of China’ s thermal power generators use sub-critical
combustion technology. Supercritical and ultra-supercritical technology can achieve higher
fuel efficiency by operating at high temperatures and pressures where the boundary between
water’s liquid and vapor states disappears.

The utilization of coal brings environmental challenges. It may emit sulphur dioxide
(SO2), dust as well as NO, significantly. China is one of the largest emitters of CO; al-
though it’s cumulative contribution to the atmospheric stock of CO3 and per-capita emissions
remain well below those of the world’s industrialized nations. For now, China is making
new contributions to protect the global climate. In 2007, China unveiled its national action
plan on climate change, which includes goals to develop clean coal technologles, from more
efficient coal mining equipment to CO3s capture and storage (CCS).

Coal transportation

Moving coal around the country utilizes a large and growing share of domestic transport
capacity. It was estimated that 80% of consumed coal was transported by rail, road or wa-
ter. As we known, most of China’s coal resources are located in the inland of northern prov-

inces of Shanxi, and Inner Mongolia, which are away from coastal demand centers. In these



regions, coal transport attracts much attention. In 2007, the capacity of Daqin line (Datong
to Qinhuangdao port) was increased from 250 Mt/a to 300 Mt/a. Qinhuangdao port, with a
coal-handling capacity of 220 Mt/a (the worlds largest one), will guarantee eastern China’s
coal supply. Most of coal can be transported by rail lines, however, only half the volume of
coal was produced in rail-connected mines. Coal supply capacity from the mid-west is limited
by the number of barges that can traverse three gorges locks on Yangtze River. When rail and
water transportation is impossible, coal is transported by road which is the most expensive
mode of coal transportation in China.
Major current coal-related legislation and regulation

The laws and regulations in China’ s coal industry include resource administration
(Rules for implementation of the mineral resources law, issued in March 1994), safety su-
pervision (Work safety law, enacted in June 2002). environmental protection (The solid
waste pollution prevention and control law, enacted in October 1995 and revised in
December 2004), industry administration (Coal law, enacted in August 1996) and energy
conservation (Energy conservation law, issued in November 1997 and revised in October

2007).

Specialized English Words

Emissions A substance discharged into the air, especially by an internal com-
bustion engine. The act or an instance of emitting.

Cumulative Increasing or enlarging by successive addition.

Unveiled To remove a veil or covering from; to disclose; reveal.

Implementation The act of providing a practical means for accomplishing something;
The act of accomplishing some aim or executing some order.

Supervision Authoritative control over the affairs of others.

Administration The act or process of administering, especially the management of a

government or large institution.

Expressions and Technical Terms

Per capital Per unit of population; per person.

Outdated Old-fashioned and therefore not as good or as fashionable
as something modern.

Coal-fired power generation In a coal-fired steam station, water is turned into steam
which in turn drives turbine generators to produce elec-

tricity.
Notes

(D Coal transportation: The way that coal is transported to where it will be used
depends on the distance to be covered. Coal transportation is generally carried out by

conveyor or truck over short distance. Trains and barges are used for longer distance within



domestic markets.

(@ National action plan on climate change: Global warming was affecting China’s eco-
logical system and natural resources as well as life of the public. To cope with it, The» Chi-
nese government has announced its first national action plan to respond to climate change
during a state council conference.

@ Integrated Gasification Combined Cycle (IGCC): A key technology in a plan to pro-
mote empirical research projects that aim to realize “zero-emission coal-fired power genera-
tion” . IGCC technology uses a gasifier to turn coal and carbon based fuels into synthesis gas
(syngas). The technology then removes impurities {from the syngas before it is combust-

ed. Some of pollutants, such as sulfur, can be turned into reusable byproducts.

Exercise 1

1. Read the text and explain following concepts in English

Sedimentary rock Coal rank Coal analysis
Heat capacity Heating value Specific density
Volatile matter Thermoplastic ability Ash fusibility
2. Choose one right answer from four choices to complete the sentence
(1) _  is the lowest rank of coal and is referred to as brown coal.
(a) Lignite (b) Bituminous (¢) Sub-bituminous (d) Anthracite

(2) Moisture is measured by determining the weight loss after coal is dried at 104 ~
110°C while volatiles are measured by determining additional weight loss when coal

is pyrolyzed at .

(a) 200~300°C (b) 400~500C (c) 600~750°C (d) 900°C
(3) For a dried coal, weight percentages of .~ can not be measured directly.

(a) carbon (b) hydrogen (c) oxygen (d) nitrogen and sulfur
(4) _ is especially suitable for the estimation of the total energy from lignite.

(a) Net calorific value (b) High heating value

(¢) Low heating value (d) Heat of vaporization of water

3. Filling the blank with no more than 3 words

(1) Coal’s gross calorific value is also known as (HHV).

(2) can be determined by helium displacement because helium

can penetrate all the pores of a coal sample without chemical interaction.
(3) Porosity is the fraction (or percentage) of the volume of coal that is occupied by

pores and can be calculated from the

4. Give a short answer to the following questions

(1) According to the coal rank, write down at least 3 kinds of coal in the order.
(2) Write down the typical analysis methods that are requested by coal industry.
(3) Describe how to measure the specific densities of coal.

(4) Compare the difference between HHV and LHV.
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5. Put the following sentences into Chinese

(1) In general, true density of coal is determined by helium displacement because all
the pores of a coal sample can be penetrated without any chemical interaction by helium.

(2) When metallurgical coal and coal blends is used in the production of coal for the
steel industry, it is importance to evaluate the plastic behavior of coal.

(3) The in-place density (bank density) of coal can be expressed as tons per acre per
foot of seam thickness and tons per square mile per food of seam thickness.

(4) Sub-bituminous coal can be used as fuel for steam-electric power generation and as a

source of light aromatic hydrocarbons synthesis.



