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Lesson 1 The History of Metallurgy 1

Unit 1
Lesson 1 The History of Metallurgy

1  The earliest recorded metal employed by humans appears to be gold which can be
found free or “native”. Small amounts of natural gold has been found in Spanish caves used
during the late Paleolithic period around 40,000 BC.

2 Silver, copper, tin and meteoric iron can also be found native, allowing a limited
amount of metalworking in early cultures. Egyptian weapons made from meteoric iron °
occurred about 3000 B. C.. However, by learning to get copper and tin by heating rocks
and combining copper and tin to make an alloy called bronze, the technology of metallurgy
began about 3500 B. C. in the Bronze Age.

3 The extraction of iron from its ore into a
workable metal is much more difficult. It appears
to have been invented by the Hittites in about
1400 B. C. , beginning the Iron Age. The secret

of extracting and working iron was a key factor in
Fig. 1.1 -1 Gold headband from

Thebes 750-700 BC

the success of the Philistines.

4  Historical developments in ferrous metallurgy

can be found in a wide variety of past cultures and
civilizations. This includes the ancient and medieval
kingdoms and empires of the Middle East and Near East,
ancient Egypt and Anatolia (Turkey), Carthage, the Greeks
and Romans of ancient Europe, medieval Europe, ancient

and medieval China, ancient and medieval India, ancient and

medieval Japan, etc. Of interest to note is that many
applications, practices, and devices associated or involved in Mg 1l.1-2 Georg Agricila,
metallurgy were possibly established in ancient China before . 0 0 o _—
Europeans mastered these crafts (such as the innovation of 44 important early book on
the blast furnace, cast iron, steel, hydraulic-powered trip metal extraction

hammers, etc. ).

5 A 16th century book by Georg Agricola called De re metallica describes the highly

developed and complex processes of mining metal ores, metal extraction and metallurgy of



2 Unit 1

the time. Agricola has been described as the “father of metallurgy”.

% New Words and Phrases

metallurgy [ me'teelod3i] n. A BEF, AR
intermetallic [ jinta( :)mi'telik] adj. 25 a1L4-#
compound [ 'kompaund ] n. ", et
intermetallic compounds e LI

alloy [ '=loi] n. o

craft [ kra:ft] n. ¥

metalworking [ 'metalywe :kin] n. 4 /% Hm T

paleolithic [ peliou'lifik ] adj. H 5 %5 e AR 4G
paleolithic period H % 25 84X
meteoric [ jmi:ti'orik | adj. REH, Z—I
meteoric iron it 4%

bronze [ bronz] n. H 4R

Bronze Age FRBEK, FAK, RS A
ferrous [ 'feras] a. k8, B8k
medieval [ medi'i:val] a. T, P
blast [ bla:st] n. MR, o E K
furnace [ 'fa:nis] n. ¥ F L s

blast furnace HRY, SN
hydraulic [ hai'dry:lik] a. K& kR

trip hammer i

mining [ 'mainin ] n. KA (k)

4% Notes

1. The earliest recorded metal employed by humans appears to be gold which can be found

free or “native”.

RPLBOARERG LR, ARRRABERFAGR AN HE

B iE4MFE . which 5| R EIFEMN 7]
— AIEEE TR PR

which can be found free or “native” & €15 M A], HA1 5| Fid] which $§1% gold,
AR TR A
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(—) which AT LAT |5 BR ¥4 € 1 A /) FIE PR 1 2 75 A

a) BREIHEEENG 5 FETESHRIT, 108 1mBR & EA .

e. g. I like the coat which is very beautiful.
BB F BTN L,

b) ERRHIHEEENE: 5 FAHESHEIT, B ERMAEM .

e. g. This is a book, which I borrowed from my friend.
KR RMAETIAE R — A F,

(=) which 5|55 & WA, AT AR AR — N8 , to 7] AR AT — 4035

a) FEACHT T — 1~

e. g. He was reading a book, which was about war. (which #§4X, a book)
HEEE—AXTERFH,

b) EAHTH—4)iE

e.g. He set free the birds happily, which was a celebration for his success. (which F§4X,
“He set free the birds happily”)
P T o de B3 T 31X E A AR 0 — FF KA

= E i AT LR E R A B9V, A A 2 T g T 2 iR ) 5] 37 which #l

be #fjia), W= associated Fl involved,

e.g. This is a letter written ( = which is written) in German.

X2 H A IEIEF N,

2. However, by learning to get copper and tin by heating rocks and combining copper and
tin to make an alloy called bronze, the technology of metallurgy began about 3500 B. C.
with the Bronze Age.

R  HrREIBAST 6 RFEAFGRBIBNARGRFZASLGLLHE
R ITF K ATH 3500 F64 Féaat K,

3. Of interest to note is that many applications, practices, and devices associated or
involved in metallurgy were possibly established in ancient China before Europeans
mastered these crafts (such as the innovation of the blast furnace, cast iron, steel,
hydraulic-powered trip hammers, etc. ).

EREENR, 55X HF S M. ERAERE, £ 7 B F A& b I w e 8K
HNF(edpr, A8, M, KRAFEFHELNA),

Check your understanding
I . Give brief answers to the following questions.

1. Who is called the “father of metallurgy” ?
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I . Match the items listed in the following two columns.

trip hammer BRAY 5

compound 4B T

blast furnace M4

cast iron Mk

meteoric iron B AR

metalworking bk

metallurgy RAH
eEEain)ibd

KPLHWAXRANLE, EREARE
BERANE RRAN EL . EEHETHAF
RAT L EHRKE &, X R XK E A A
RAEHEHZERB(ATA 40000 £4£4),

EHMEERFLARRN(SARMIT G
BORH, IR s%%E, AR&FIEHERR B1.1-1
BHAANTH 3000 F£A4, AT, H KA
AT B K| R A4 Bl AR A 4 R R A
SWEABAR BT AL AT 3 500 4 6 F 4 B K.

N EFRBAEBHEEARGE S, KAELNTH
140048 , A A KA T &R, HANKBERAR, FFALA
RGN —NEEERXFZF ARG M THRARERA,

EMAFNHE XN XA FHHNKAE S E, X
BESR P HLH P R s R T Efow E . &R R
TEH BARE FRAEREMNET D, PHLZHBRHN, F
EHRfFPtHa, sRPFHLHE, R FHLHE
A&, EREIENR, 5ALHXNF LA . EEMR
HEFEEREANHERRNE(BEF, £%, 8, K
AHEEFHNEA).

2AFUET 750 — A 50E] 700 F
JE L AT 8 2 k4

Bl1.1-2 #RERE - FH
A, (R FE) — Btk
&, FREZGEBEHGH

16 42l BLRAS - M EM B EWCRT B) — 6, WA T L& B KR
ERNERBYT AWARX BRI ARIE, MEEMNUBHEA “BE2IK",
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Lesson 2 Metallurgy

1 Metallurgy is a domain of materials science that studies the physical and chemical
behavior of metallic elements, their intermetallic compounds, and their mixtures, which are
called alloys. It is also the technology of metals: the way in which science is applied to

their practical use. Metallurgy is commonly used in the craft of metalworking.

1. Extractive metallurgy

2 Extractive metallurgy is the practice of
removing valuable metals from an ore and refining
the extracted raw metals into a purer form. In

order to convert a metal oxide or sulfide to a purer

metal, the ore must be refined either physically,

chemically, or electrolytically.
3 The picture above is an illustration of furnace Fig.1.2 -1 Furnace bellows
bellows operated by waterwheels, from the Nong operated by waterwheels

Shu, by Wang Zhen, 1313 AD, during the Chinese Yuan Dynasty.

4  Extractive metallurgists are interested in three primary streams: feed, concentrate
( valuable metal oxide/sulfide) , and tailings (waste). After mining, large pieces of the ore
feed are broken through crushing and/or grinding in order to obtain particles small enough
where each particle is either mostly valuable or mostly waste. Concentrating the particles of
value in a form supporting separation enables the desired metal to be removed from waste
products.

5  Mining may not be necessary if the ore body and physical environment are conducive to
leaching. Leaching dissolves minerals in an ore body and results in an enriched solution.
The solution is collected and processed to extract valuable metals.

6  Ore bodies often contain more than one valuable metal. Tailings of a previous process
may be used as a feed in another process to extract a secondary product from the original
ore. Additionally, a concentrate may contain more than one valuable metal. That
concentrate would then be pr-ocessed to separate the valuable metals into individual

constituents.
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2. Production engineering of metals

7 In production engineering, metallurgy is concerned with the production of metallic
components for use in consumer or engineering products. This involves the production of
alloys, the shaping, the heat treatment and the surface treatment of the product. The task
of the metallurgist is to achieve balance between material properties such as cost, weight,
strength, toughness, hardness, corrosion and fatigue resistance, and performance in
temperature extremes. To achieve this goal, the operating environment must be carefully
considered. In a saltwater environment, ferrous metals and some aluminum alloys corrode
quickly. Metals exposed to cold or cryogenic conditions may endure a ductile to brittle
transition and lose their toughness, becoming more brittle and prone to cracking. Metals
under continual cyclic loading can suffer from metal fatigue. Metals under constant stress at
elevated temperatures can creep.

2.1 Metal working processes

8 Metals are shaped by processes such as casting, forging, flow forming, rolling,
extrusion, sintering, metalworking, machining and fabrication. With casting, molten metal
is poured into a shaped mould. With forging, a red-hot billet is hammered into shape. With
rolling, a billet is passed through successively narrower rollers to create a sheet. With
extrusion, a hot and malleable metal is forced under pressure through a die, which shapes it
before it cools. With sintering, a powdered metal is compressed into a die at high
temperature. With machining, lathes, milling machines, and drills cut the cold metal to
shape. With fabrication, sheets of metal are cut with guillotines or gas cutters and bent into
shape.

9 “ Cold working” processes, where the product’ s shape is altered by rolling,
fabrication or other processes while the product is cold, can increase the strength of the
product by a process called work hardening. Work hardening creates microscopic defects in
the metal, which resist further changes of shape.

10 Various forms of casting exist in industry and academia. These include sand casting,
investment casting ( also called the “lost wax process” ), die casting and continuous
casting.

2.2 Joining

2.2.1 Welding

11 Welding is a technique for joining metal components cohesively by melting the base
material, making the parts into a single piece. A filler material of similar composition

(welding rod) may also be melted into the joint.
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2.2.2 Brazing

12 Brazing is a technique for joining metals adhesively at a temperature below their
melting points. A filler with a melting point below that of the base metal is used, and is
drawn into the joint by capillary action. Brazing results in a mechanical and metallurgical
bond between work pieces.

2.2.3 Soldering

13 Soldering is a method of joining metals below their melting points using a filler metal.
Soldering, like brazing, results in an adhesive joint and occurs at lower temperatures than
brazing, specifically below 450°C (840 F).

2.3 Heat treatment

14  Metals can be heat treated to alter the properties of strength, duectility, toughness,
hardness or resistance to corrosion. Common heat treatment processes include annealing,
precipitation strengthening, quenching, and tempering. The annealing process softens the
metal by allowing recovery of cold work and grain growth. Quenching can be used to harden
alloy steels, or in precipitation hardenable alloys, to trap dissolved solute atoms in solution.
Tempering will cause the dissolved alloying elements to precipitate, or in the case of
quenched steels, improve impact strength and ductile properties.

2.4 Surface treatment

2.4.1 Plating

15  Electroplating is a common surface-treatment technique. It involves bonding a thin
layer of another metal such as gold, silver, chromium or zinc to the surface of the product.
It is used to reduce corrosion as well as to improve the product's aesthetic appearance.
2.4.2 Thermal spraying

16  Thermal spraying techniques are another popular finishing option, and often have
better high temperature properties than electroplated coatings.

2.4.3 Case hardening

17 Case hardening is a process in which an alloying element, most commonly carbon or
nitrogen, diffuses into the surface of a monolithic metal. The resulting interstitial solid
solution is harder than the base material, which improves wear resistance without sacrificing

toughness.
3. Metallurgical techniques

18 Metallography allows metallurgists to study the microstructure of metals.
19  Metallurgists study the microscopic and macroscopic properties using metallography,

a technique invented by Henry Clifton Sorby. In metallography, an alloy of interest is
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ground flat and polished to a mirror finish. The sample
can then be etched to reveal the microstructure and
macrostructure of the metal. A metallurgist can then
examine the sample with an optical or electron
microscope and learn a great deal about the sample's

composition, mechanical properties, and processing

history.
20  Crystallography, often using diffraction of x-rays

Fig.1.2 -2 The microstructure
of metals

or electrons, is another valuable tool available to the
modern metallurgists.  Crystallography allows the
identification of unknown materials and reveals the crystal structure of the sample.
Quantitative crystallography can be used to calculate the amount of phases present as well as
the degree of strain to which a sample has been subjected.

21  The physical properties of metals can be quantified by mechanical testing. Typical
tests include tensile strength, compressive strength, hardness, impact toughness, fatigue

and creep life.

% New Words and Phrases

extractive [ iks'trektiv] adj. FhELHY
extractive metallurgy REEE, B
joining [ 'd3oinig] n. # i

welding [ 'weldin] n. i

brazing [ breizig ] n. B AT IR
soldering [ 'soldorin] n. HAFIF

heat treatment PP 4

surface treatment F& P
plating [ 'pleitin ] n. W 4%

refining [ ri'fainin ] n. ot

sulfide [ 'salfaid] n. AL
electrolytically [ ilektrau'litikali] adv. VA %, f#
metallurgist [ me'teelod3zist] n. BER, EEFR
concentrate | 'konsentreit | . R,
tailings [ 'teilipz] n. Ri& R
toughness [ 'tafnis ]| n. Eile3

hardness [ 'ha:dnis] n. o
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cryogenic [ kraiou'dzenik ] a.
cyclic [ 'saiklik ] a.

cyclic loading

creep [ kri:p] n. /vi

rolling [ 'roulin] n

extrusion [ eks'tru:zon] n.
sintering [ 'sintarin ] n.

lathe [leid] n.

milling [ 'milin] n.

milling machine n.

drill [ dril] n.

guillotine [ 'giloti:n] n.
annealing [ 'a:ni:lin] n
precipitation [ prisipi'teifon] n.
precipitation strengthening
quenching [ 'kwent[in] n.
tempering [ 'temparin | n.

nitrogen [ 'naitrodzon] n.

interstitial [ inta( ;) 'stifal] adj.

interstitial solid solution

metallography [ ;meta'lografi] n

microstructure [ maikrou'strakt[a] n.

macrostructure [ maekrou'straktfa] n.

% Notes

1. Metallurgy is a domain of materials science that studies the physical and chemical

behavior of metallic elements, their intermetallic compounds, and their mixtures, which

are called alloys.

HEFETHARFHAR, RAREEAE EEANLENALREH(FEE)

AL A A

2. After mining, large pieces of the ore feed are broken through crushing and/or grinding in

order to obtain particles small enough where each particle is either mostly valuable or

mostly waste.
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