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UNIT ONE INTRODUCTION (%)

Lesson One Minerals and Ores (¥ 58 &)

Minerals

The forms in which metals are found in the crust of the earth and as seabed deposits de-
pend on their reactivity with their environment, particularly with oxygen, sulphur and car-
bon dioxide. Gold and the platinum are found principally in the native and metallic form. Sil-
ver, copper and mercury are found native, as well as in the form of sulphides, carbonates,
and chlorides. The more reactive metals are always in compound form, such as the oxides
and sulphides of iron and the oxides and silicates of aluminium and beryllium. The naturally
occurring compounds are known as minerals, most of which have been given names accord-
ing to their composition (e.g. galena-lead sulphide, PbS; sphalerite-zinc sulphide, ZnS;
cassiterite-tin oxide, SnO;).

Minerals by definition are natural inorganic substances possessing definite chemical com-
positions and atomic structures. Some flexibility, however, is allowed in this definition.
Many minerals exhibit isomorphism, where substitution of atoms within the crystal struc-
ture by similar atoms takes place without affecting the atomic structure. The mineral olivine,
for example, has the chemical composition (Mg, Fe);SiOs, but the ratio of Mg atoms to
Fe atoms varies in different olivines. The total number of Mg and Fe atoms in all olivines,
however, has the same ratio to that of the Si and O atoms. Minerals can also exhibit poly-
morphism, different minerals having the same chemical composition, but markedly different
physical properties due to a difference in atomic structure. Thus the two minerals graphite
and diamond have exactly the same composition, being composed entirely of carbon atoms,
but have widely different properties due to the arrangement of the carbon atoms within the
crystal lattice. The term “mineral” is often used in a much more extended sense to include
anything of economic value which is extracted from the earth. Thus coal, chalk, clay and
granite do not come within the definition of a mineral, although details of their production
are usually included in national figures for mineral production. Such minerals are, in fact,
rocks, which are not homogeneous in chemical and physical composition, as are minerals,
but generally consist of a variety of minerals and form large parts of the earth’s crust. Gran-
ite, for instance, which is the most abundant igneous rock, i.e. a rock formed by cooling

of molten material, or magma within the earth’s crust, is composed of three main mineral
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constituents, feldspar, quartz and mica. These three homogeneous mineral components oc-
cur in varying proportions in different granites, and even in different parts of the same gran-

ite mass.
Metallic Ores

An ore can be described briefly as an accumulation of mineral in sufficient quantity as to
be capable of economic extraction. This establishes the market price of the metal as a critical
criterion in the definition, and this will vary according to the commercial demands. With the
passage of time and depletion of richer or more readily accessible material, a mineral deposit
may be updated to an ore. Improvement in metallurgical extraction and the introduction of
new methods also become factors in making available deposits hitherto regarded as uheco-
nomic. Thus the introduction of the flotation process in mineral .processing permitted the ex-
traction of copper from material containing less than 0. 5% of the metal and formerly regar-
ded as waste, Similarly the introduction of solvent extraction has enabled Nchanga Consoli-
dated Copper Mines in Zambia to treat 9 million tonnes per year of flotation tailings, produ-
cing 80,000 tonnes of finished copper from what was previously regarded as waste material.

Ores are frequently classed according to the nature of the valuable mineral. Thus in
native ores the metal is presented in the elementary form; sulphide ores contain the metal in
the form of a sulphide, and in oxidised ores the valuable mineral may be present as oxide,
sulphate, silicate, carbonate, or some hydrated from of these. Complex ores are those con-
taining profitable amounts of more than one valuable mineral. Metallic minerals are often
found in certain associations, within which they may occur as mixtures of a wide range of
particle sizes or as single-phase solid solutions or compounds. Galena and sphalerite, for ex-
ample, commonly associate, as do copper sulphide minerals and sphalerite to a lesser ex-
tent. Pyrite (FeS;) is very often associated with these minerals.

Ores are also classified by the nature of their gangues, such as calcareous or basic (lime
rich), or siliceous, or acidic (silica rich) . ‘

The minimum metal content required for a deposit to qualify as an ore varies from metal
to metal. Many nonferrous ores contain, as mined, as little as 1% metal, and often much
less. Gold may be recovered profitably in ores containing only 5 parts per million (ppm) of
the metal, whereas iron ores containing less than about 20% metal are regarded as low
grade.

There are many plants where minerals are recovered in secondary circuits, treating tail-
ings, where the feed grades are much lower than would be economic on a mined ore. Typical
ore grades for tungsten ores are in the range of 0. 5% ~1.5% WO;, but the Climax Molyb-
denum plant in the United States treats 45,000 tonnes per day of tailings, containing less
than 0.1% WQ;, and is one of the two major producers of tungsten cohcentrate in the Unit-
ed States.

Non-metallic Ores

Ores of economic value can be classed as metallic or non-metallic, according to the use
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of the mineral. Certain minerals may be mined and processed for more than one purpose. In
one category the mineral may be a metal ore, i. e. when it is used to prepare the metal, as
when bauxite (hydrated aluminium oxide) is used to make aluminium. The alternative is for
the compound to be classified as a non-metallic ore, i.e. when bauxite or natural aluminium
oxide is used to make material for refractory bricks or abrasives. l
Many non-metallic ore minerals associate with metallic ore minerals and are mined and
processed together, e.g. galena, the main source of lead often associates with fluorite

(CaF2) and barytes (BaSO4), both important non-metallic minerals.

Words and Expressions

‘mineral ['minaral] n. B ¥ igneous ['ignies] adj. KEHY
ore [0 (D] n. B A magma ['megms] n. H¥
deposit [dipozit] n. B R feldspar [feldspar] n. KA
galena [golima] n. H4RH" ’ quartz [kworts] n. A%
sphalerite ['sfeilirait] n. [NEEH" mica ['maiks] n. =&
cassiterite [kasitarait] n. &H pyrite ['paiorait] n. FHEKH"
isomorphism [‘aissumaifizm] n. FFREHR gangue [gen] n. kKA
olivine [pliviin] n. BAEA . nonferrous ['nonferss] adj. A&, IR
polymorphism [, poli'mofizam] n. F R £ £ tailing [teilin] ». B, BY

ZTE grade [greid] n. §hfi
graphite ['greefait] n. A& concentrate ['konsentreit] n. ¥g#H"
chalk [tfok] n. HE bauxite ['boksait] n. B+, H+F
clay [klei] n. &+ fluorite [flu()arait] n A
granite ['greenit] n. ERHE - barite [bearait] n. ER/A

rock [rok] n. HA
Notes

1. The naturally occurring compounds are known as minerals, most of which have been
given names according to their composition. ’

RARGEVASHMUT Y, H2TPERBEIMIERT RS .

2. Many minerals exhibit isomorphism, where substitution of atoms within the crystal .
structure by similar atoms takes place without affecting the atomic structure.

WETYRERLFRSR, EXFHHEERT, HRERGH T — R F R MR T IR
AR THE . |

FE “where” BIHWIER B HEE BN AP, “substitution” JMNAK EE, HiF
“takes place”,

3. Thus the two minerals graphite and diamond have exactly the same composition, be-
ing composed entirely of carbon atoms, but have widely different properties due to the ar-
rangement of the carbon atoms within the crystal lattice.

Hit, ABMERAXFEMT Y HER5E MR
S P HEAT R, P R PR R 2= B

4. Galena and sphalerite, for example, commonly associate, as do copper sulphide

3
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minerals and sphalerite to a lesser extent.

Blgn, FET MRS EEELE—E, MRARTYSRET RERTED,

5. There are many plants where minerals are recovered in secondary circuits, treating
tailings, where the feed grades are much lower than would be economic on a mined ore.

WEEY T ABERY, N KERESERT Y, XET SO ST b BEE R A0 &%
B %. ’

Exercises

I. Choose the best answer according to the text.

1. Gold and platinum metals are found basically in
A. native form B. compound forfn

C. metallic form D. native or metallic form

2. Most of minerals have been given names according to

A. their composition B. atomic structure
C. crystal structure D. physical properties
3. Two minerals that have exactly the same composition can have due to a differ-

ence in atomic structure, for example, graphite and diamond.

A. the same physical properties B. quite different physical properties

C. almost the same physical properties D. slightly different physical properties

4. Granite is composed of feldspar, quartz and mica, these three homogeneous mineral
components can occur in ____ proportions in different parts of the same granite mass.

A. different B. same C. uniform D. almost the same

II. Translate the following phrases into Chinese.

L. RATILEY 2. ¥4ER 3. BET4EHM 4 FALRET A

5 ARTY 6. BkET Y 7. BE AL 8. Ik BY A

M. Translate the following sentences into Chinese.

1. The abundance of metals in the ocean is related to some extent to the crustal abun-
dancies, since they have come from the weathering of the crustal rocks.

2. It is apparent that if the minerals containing the important metals were uniformly dis-
tributed throughout the earth, they would be so thinly dispersed that their economic extrac-
tion would be impossible.

3. A particular mineral may be found mainly in associates with granitic rocks, or may
be found associated with both igneous and sedimentary rocks, i.e. those produced by the
deposition of material arising from the mechanical and chemical weathering of earlier rocks by

water, ice and chemical decay.




Lesson Two Types and Application
of Coal (EHIFE SN H)

Coal is a fossil fuel formed in swamp ecosystems where plant remains were saved by wa-
ter and mud from oxidization and biodegradation. Coal is a readily combustible black or
brownish-black rock. It is a sedimentary rock, but the harder forms, such as anthracite
coal, can be regarded as metamorphic rocks because of later exposure to elevated tempera-
ture and pressure. It is composed primarily of carbon along with assorted other elements,
including sulfur. It is the largest single source of fuel for the generation of electricity world-
wide, as well as the largest source of carbon dioxide emissions, which is the primary cause
of global warming. Coal is extracted from the ground by coal mining, either underground

mining or open pit mining.
Types of Coal

As geological processes apply pressure to peat over time, it is transformed successively
into the following types of coal.

Lignite—also referred to as brown coal, is the lowest rank of coal and used almost ex-
clusively as fuel for steam-electric power generation. Jet is a compact form of lignite that is
sometimes polished and has been used as an ornamental stone since the Iron Age.

Sub-bituminous coal—whose properties range from those of lignite to those of bitumi-
nous coal and is used primarily as fuel for steam-electric power generation.

Bituminous coal—a dense coal, usually black, sometimes dark brown, often with well-
defined bands of bright and dull matetial, used primarily as fuel in steam-electric power gen-
eration, with substantial quantities also used for heat .and power applications in manufactur-
ing and to make coke.

Anthracite—the highest rank; a harder, glossy, black coal used primarily for residen-
tial and commercial space heating.

Graphite—fechnically the highest rank, but difficult to ignite and is not so commonly

- used for ignition.
Coal as Fuel

Coal is primarily used as a solid fuel to produce electricity and heat through combustion.
World coal consumption is about 5. 3 billion tonnes annually, of which about 75% is used for
the production of electricity. The region including the People’s Republic of China and India
uses about 1. 7 billion tonnes annually, forecast to exceed 2.7 billion tonnes in 2025. The
USA consumes about 1. 0 billion tons of coal each year, using 90% of it for generation of

electricity. Coal is the fastest growing energy source in the world, with coal use increasing
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by 25% for the three-year period ending in December, 2004. The total known deposits re-
coverable by current technologies, including highly polluting, low energy content types of
coal (i. e. lignite, bituminous), might be sufficient for 300 years’ use at current consump-

tion levels, although maximal production could be reached within decades:
Coking and Use of Coke

Coke is a solid carbonaceous residue derived from low-ash, low-sulfur bituminous coal
from which the volatile constituents are driven off by baking in an oven withouit oXxygen at
temperature as high as 1,000°C (1,832°F) so that the fixed catbon and residual ash are
fused together. Metallurgic coke is used as a fuel and as a reducing agent in smelting iron ore
in a blast furnace. Coke from coal is grey, hard and porous, and has a heating value of 29. 6
M]J/kg. Byproducts of this conversion of coal to coke include coal tar, ammonia, light oils,
and “coal gas” .

Petroleum coke is the solid residue obtained in oil refining, which resembles coke but

contains too many impurities to be useful in metallurgical applications.
Gasification

Coal gasification breaks down the coal into its components, usually by subjecting it to
high temperature and pressure, using steam and measured amounts of oxygen. This leads to
the production of syngas, a mixture mainly consisting of carbon monoxide (CO) and hydro-
gen (Hz) .

In the past, coal was converted to make coal gas, which was piped to customers to
burn for illumination, heating, and cooking. At present, the safer natural gas is used in-
stead. South Africa still .uses gasification of coal for much of its petrochemical needs.

Gasification is also a possibility for future energy use, as the produced syngas can be
cleaned-up relatively easily leading to cleaner burning than burning coal directly. The cleanli-
ness of the cleaned-up syngas is comparable to natural gas, enabling to burn it in a more effi-

cient gas turbine rather than in a boiler used to drive a steam turbine.
Liquefaction

Coal can also be converted into liquid fuels like gasoline or diesel by several different
processes.

The Fischer-Tropsch process of indirect synthesis of liquid hydrocarbons was used in
Nazi Germany for many years and is today used by Sasol in South Africa. Coal would be gas-
ified to make syngas (a balanced purified mixture of CO and H; gas) and the syngas can be
condensed using Fischer-Tropsch catalysts to make light hydrocarbons which are further pro-
cessed into gasoline and diesel.

A direct liquefaction process, Bergius process (liquefaction by hydrogenation), is also
available but has not been used outside Germany, where such processes were operated both
during World War I and World War II. SASOL in South Africa has experimented with di-

6
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rect hydrogenation. Several other direct liquefaction processes have been developed, among
these being the SRC-1 and SRC-1I (Solvent Refined Coal) processes developed by Gulf Oil
and implemented as pilot plants in the United States in the 1960s and 1970s.

Another direct hydrogenation process was explored by the NUS Corporation in 1976 and
patented by Wilburn C. Schroeder. The process involved dried, pulverized coal mixed with
roughly 1% molybdenum catalysis. Hydrogenation occurred by use of high temperature and
pressure synthesis gas produced in a separate gasifier. The process ul_timately yielded a syn-
thetic crude product, naphtha, a limited amount of C3/Cy gas, light-medium weight liquids
(Cs~Cpo) suitable for use as fuels, -small amounts of NH; and significant amounts of COs;.

Yet another process (Karrick process) to manufacture liquid hydrocarbons from coal is
low temperature carbonization (LTC), which was developed by Lewis C. Karrick, an oil
shalé technologist at the U. S. ‘Bureau of Mines in the 1920s. Coal is coked at temperatures
between 450°C and 700°C compared to 800°C to 1,000°C for metallurgical coke. These tem-
peratures optimize the production of coal tars richer in lighter hydrocarbons than normal coal

tar. The coal tar is then further processed into fuels.

Words and Expressions

ecosystem [i:kp‘sistem] n E8ERE

. biodegradation [, baioudigrei'deifen] n. A #J
3 ’

sedimentary [sedimentari] adj. JTFB, VLEE
R

anthracite [‘zen®rosait] n. JoHEM

metamorphic [metemafik] adj. B, &
b5ig: ]

peat [pit] n. M, WRBIH. JmK

lignite [lignait] n. ¥4

bituminous [bitjuimines] adj. FHHF WY

sub-bituminous coal P KM

bituminous coal HHHE

graphite ['greefait] n. H58

coke [kouk, kuk] n. £ER

carbonaceous [katba'neifos] adj. BB, Bk
B, AR

gasification [‘gesifikeifon] n. K1k

syngas ['singes] n. B A

liquefaction [likwifeekfon] n. ¥4k

hydrogenation Ehaid@d;;e‘neij"en] n ME, &
& ERD

pulverize ['palveraiz] v #F, BFE K

naphtha ['nefes] n. &M (—& G MBS

tar [tar] n. &

Notes

1. Coal is a fossil fuel formed in swamp ecosystems where plant remains were saved by
water and mud from oxidization and biodegradation.

YERAETR B A ST IR R BB, FEXFIR Sl FRMBRRIER, EEY
1 R 3 E AL T A Y KR SR B R

2. The total known deposits recoverable by current technologies, including highly pol-
luting, low energy content types of coal (i. e. lignite, bituminous), might be sufficient for
300 years’ use at current consumption levels, although maximal production could be reached
within decades.

RAGIERILHENRT AT AR KR, AW, T HATHHEKFE, EHAFER
ST BB R B B PR R 2 300 4F AT 9% .
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3. Coke is a solid carbonaceous residue derived from low-ash, low-sulfur bituminous
coal from which the volatile constituents are driven off by baking in an oven without oxygen
at temperatures as high as 1,000°C (1,832°F) so that the fixed carbon and residual ash are
fused together.

R RE—FMEK ., RO REFREBHOESKEERY, HEERLEASHERLGTH
1000°CHIRIR T REbe, WMEBRHPMERS, EEERMNAB R BHME—E.

4. Coal gasification' breaks down the coal into its components, usually by subjecting it
to high tempefature_ and pressure, using steam and measured amounts of oxygen.

RSB ERABARFMES, EBFERERABRRI—ERRNEISA, ERE. BE
T AT,

5. Gasification is also a possibility for future energy use, as the produced syngas can be
cleaned-up relatively easily leading to cleaner burning than burning coal directly.

BFRESAERMEREBEES S, R EREEERERE, BB TREES
— R R BBIRGEA

Exercises

I. Answer the following questions according to the text.

Coal can be classified into several types, what are they?

What percentage of coal is used for the production of electricity?
What are the major uses of coal?

What is coal gasification?

o e

How many processes are there for coal liquefaction?

[[. Translate the following phrases into English.

1. yifR%E 2. &Mk 3. kH 4. FERRT

5. RIRSTMKE 6. ERS RS 8 HERMK

[I. Translate the following sentences into Chinese.

1. A direct liquefaction process, Bergius process (liquefaction by hydrogenation), is
also available but has not been used outside Germany, where such processes were operated
both during World War I and World War [I.

2. Among commercially mature technologies, advantages for indirect coal liquefaction
over direct coal liquefaction are reported by Williams and Larson’ (2003) .

3. All of these liquid fuel production methods release carbon dioxide (COz) in the con-
version process, far more than is released in the extraction and refinement of liquid fuel pro-
duction from petroleum.

4. Estimates ajre reported for sites in China where break-even cost for coal liquefaction
may be in the range from 25 to 35 USD/barrel of oil.




Lesson Three Coal Assay (% R4 #7)

Coal assay techniques are specific analytical methods designed to measure the particular
physical and chemical properties of coals. These methods are used primarily to determine the
suitability of coal for coking, power generation or for iron ore smelting in the manufacture of

steel.
Chemical Properties of Coal

Coal comes in four main types or ranks: lignite or brown coal, bituminous coal or black
coal, anthracite and graphite. Each type of coal has a certain set of physical parameters
which are mostly controlled by moisture, volatile content (in terms of aliphatic or aromatic
hydrocarbons) and carbon content.

Moisture: Moisture is an important property of coal, as all coals are mined wet.
Groundwater and other extraneous moisture are known as adventitious moisture and are
readily evaporated. Moisture held within the coal itself is known as inherent moisture and is
analysed. Moisture may occur in four possible forms within coal. (1) Surface moisture:
water held on the surface of coal particles or macerals. (2) Hydroscopic moisture; water
held by capillary action within the microfractures of the coal. (3) Decomposition moisture:
water held within the coal’s decomposed organic compounds. (4) Mineral moisture: water
which comprises part of the crystal structure of hydrous silicates such as clays.

Total moisture is analysed by loss of mass between an untreated sample and the sample
once analysed. This is achieved by any of the following methods: (1) Heating the coal
within a solution of toluene. (2) Drying in a minimum free-space oven at 150°C within a
nitrogen atmosphere. (3) Drying in air at 100~105°C and relative loss of mass determined.

Methods 1 and 2 are suitable with low-rank coals but method 3 is only suitable for high-
rank coals as free air drying low-rank coals may promote oxidation. Inherent moisture is ana-
lysed similarly, though it may be done in a vacuum.

Volatile Matter : Volatile matter in coal is the components of coal, except for moisture,
which is liberated at high temperature in the absence of air. This is usually a mixture of
short and long chain hydrocarbons, aromatic hydrocarbons and some sulphur. The volatile
matter of coal is determined under rigidly controlled standards. In Australian and British la-
boratories this involves heating the coal sample to (900%+5)°C for 7 minutes in a cylindrical
silica crucible in a muffle furnace. American Standard procedures involve heating. to (950+
25)°C in a vertical platinum crucible. These two methods .give different results and thus the
method used must be stated.

Ash: Ash content of coal is the non-combustible residue after coal is burnt. It repre-

sents the bulk.mineral matter after carbon, oxygen, sulphur and water (including from
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clays) has been driven off during combustion. Analysis is fairly straightforward, with the
coal thoroughly burnt and the ash material expressed as a percentage of the original weight.

Fized Carbon: The fixed carbon content of the coal is the carbon found in the material
which is left after volatile materials are driven off. This differs from the ultimate carbon con-
tent of the coal because some carbon is lost in hydrocarbons with the volatiles. Fixed carbon
is used as an estimate of the amount of coke that will be yielded from a sample of coal. Fixed
carbon is determined by removing the mass of volatiles determined by the volatility test,

above, from the original mass of the coal sample.
Chemical Analysis

Coal is also assayed for oxygen, hydrogen and sulphur content. Sulphur is also analysed
to determine whether it is a sulfide mineral or in a sulfate form. This is achieved.by dissolu-
tion of the sulfates in hydrochloric acid and precipitation as barium sulphate. Sulfide content
is determined by measurement of iron content, as this will determine the amount of sulphur
present as iron pyrite.

Carbonate minerals are analysed similarly, by measurement of the amount of carbon di-
oxide emitted when the coal is treated with hydrochloric acid. Calcium is also analysed. The
carbonate content is necessary to determine the combustible carbon content and incombusti-
ble (carbonate carbon) content.

Chlorine, phosphorus and iron are also determined to characterise the coal’s suitability
for steel manufacture.

An analysis of coal ash may also be carried out to determine not only the composition of
coal ash, but also to determine the levels at which trace elements occur in ash. This data is

useful for environmental impact modelling, and may be obtained by spectroscopic methods.
Physical and Mechanical Properties

Relative density : Relative density or specific gravity of the coal depends on the rank of
the coal and degree of mineral impurity. Knowledge of the density of each coal ply is necessa-
ry to determine the properties of composites and blends. The density of the coal seam is nec-
essary for conversion of resources into reserves.

Relative density is normally determined by the loss of a sample’s weight in water. This
is best achieved using finely ground coal, as bulk samples are quite porous.

Particle size distribution : The particle size distribution of milled coal depends partly on
the rank of the coal, which determines its brittleness, and on the handling, crushing, mill-
ing it has undergone. Generally coal is utilised in furnaces and coking ovens at a certain size,
so the crushability of the coal must be determined. It is necessary to know this data before
coal is mined, so that suitable crushing machinery can be designed to optimise the particle
size for transport and use.

Float-sink Test: Coal is usually washed by passing it over a bath of liquid of known

density. This removes high-ash content particles and increases the salability of the coal as
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