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PREFACE

This textbook is intended for students attending a non-vocational higher education
institution in the field of metallurgy. The volume of this textbook generally corresponds to
the number of teaching hours provided for the second vocationally-oriented stage of
English language teaching in VET institutions (5-7 academic hours per author's sheet).

The main goal of the manual is to develop both universal and professional
competences in mastering the knowledge and skills of mature reading of scientific
discourse in the field of metallurgy. Including didactic material for practice in reading,
comprehension and discussion, the textbook thus fulfills the general requirements for the
levels of implementation of the FSES-3 HET educational standard and is aimed at
achieving the Common European competence threshold level B1 (understanding of the
main ideas of messages, ability to communicate in professional situations, making a
coherent message) and advanced threshold level B2 (understanding the general content of
highly specialized texts, expressing your views in the professional sphere).

The textbook is divided into two parts.

Part 1 is designed to develop reading comprehension, which is seen as both an aim
and a means of learning. The different types of reading can be mastered by the learners
with different tasks, which is why there are four types of texts in each lesson of the first
part. Text A, the learning text, is to be worked through in the classroom under the
guidance of the teacher. Texts B, C and D provide background information on the topic of
the lesson, with B and C aimed at developing fast reading skills (sight-reading or
introductory) and D for extracurricular independent reading.

Pre-textual tasks are designed to systematise the knowledge of vocabulary, grammar
and word formation acquired at school and during the first stage of higher education. A
great role is given to pre-textual tasks for the introduction of terminology about metals,
exercises are given that stimulate word-formation analysis, as derivatives and composites
constitute in English a large part of the lexical units of the language of science. As regards
grammar, special attention is paid to the recitation and subsequent consolidation of those
grammatical phenomena, the knowledge of which contributes to the development of
reading and translation skills of scientific texts.

Post-text exercises aim at controlling reading comprehension and systematising the
information acquired. They are designed to develop logical thinking and the ability to
convey the content of the text in English in monologue and dialogue.

Part 2 aims to work on texts in greater depth: not only extracting scientific and
technical information, but also making sense of what has been read, identifying the main
content, analysing and synthesising the material being worked on and identifying its value
characteristics. In this context, Part 2 contains a description of text compression processes
through annotation and abstracting, as well as sample annotation and abstract examples,
speech clichés, authentic texts for annotation and abstracting and tasks to facilitate their
implementation.

The structure of the manual can be considered as block-modular, 1.e. one that allows
the teacher to vary the sequence of work on the lessons depending on the professional
needs of future professionals and the level of the students’ preparation.



PART 1

UNIT 1
Topic: WHAT ARE METALS

ACTIVE VOCABULARY
1. the condition yCJIOBUE
2. the lead CBHHEI (XMMUYECKHH 3HaK Pb)
3. the property CBOMCTBO
4. the iron Kele3o (XumMuueckui 3Hak Fe)
5. the gold 30J10TO (XUMHYECKHI 3HAK Au)
6. the body ¢us3. Teno
7. the copper Meb (xuMuueckuit 3Hak Cu)
8. the conductor mexH. TIPOBOJIHUK
9. the conductivity mexH. TPOBOJAUMOCTh, IIPOBOISIIIIAS
CIIOCOOHOCTH
10. oxygen KHCIIOpOJ (XxuMuyeckuit 3Hak O)

11. the silver

12. behaviour

13. heat

14. the tin

15. decrease (decreased, decreased)
16. determine

17. amount (amounted, amounted)
18. heat

cepedpo (XuMUYECKuil 3HaK Ag)
1) noBeneHue; 2) OTHOLIEHUE
TEIUIO, TEMI0Ta

OJIOBO (XMMHUYECKUIA 3HAK Sn)
YMEHBIIAThCS

1)onpenenste; 2)npeaHa3HadaTh
COCTaBJISATh

HarpeBarth



19.
20.
21.
22.

conduct

melt (melted, melted)

rise (steigen, rose)

connect (verband, connected)

mexH. TPOBOAUTH (TOK, TEIJIO)
TIJIABUTH(CH)

MOJIHUMATHCS, MTOBBIIIATHCS
CBSI3BIBATh, COEUHSATh

23. count CUUTATh, IPUUYUCIIATH; CUATATHCA
24. basic OCHOBHOH

25. solid TBEPJbIiA, TPOUHBIHN, KPETKUN
26. liquid KUJTKUN

27. hammerable KOBKHI

28. brittle XPYIKHMA

29. warm TETLIBIN

30. first TOJIBKO, JIUIITh

TASKS

I. Read the following names of the metals. Remember that they are all neutrals.
Look up the names of the metals you do not know in the dictionary.
antimony, lead, iron, gallium, Englishium, gold, copper, mercury, caesium, tin.

I1. Translate the following words related to word formation (Appendix 1, 81,
"Word formation").

a) conduct - the conductor - conductive - the conductivity;

b) the beginning - begin, the shine - shine, distinguish -the difference;

c¢) form - the formation, connect - the connection, condition - the condition,
determine - the determination;

d) elastic - the elasticity, great - the greatness, warm - the warmth - to heat;

¢) flow - fluid, hammer - to hammer;

f) transparent - opaque

Il Read the compound nouns, noting the main and secondary stresses.
Derive their meanings from the meanings of their components (Appendix 1, §1
'‘Word formation').

the 'mountain'construction, the 'ground'location, the 'space'tempera'ture, the
'sour'substance, the ‘'melting'tempera'ture, the 'year'century

IV*. Each time, choose the word that corresponds to the meaning of the
sentence. Translate the sentences.

1. (The oxygen, the gold, the body) are counted among the metals. 2. Metals
are under normal conditions (solid, liquid, warm). 3. Metals are (compounds,
gases, conductors). 4. When heated (decreases, increases, melts) the conductivity
of metals. 5. Iron is (liquid, solid, transparent) under normal conditions. 6. At
room temperature (silver, copper, mercury) is liquid.

V*. Find the word in each row that has a generalised meaning for that row of

7



words.
1) the property, elasticity, conductivity, lustre;
2) the lead, the antimony, the caesium, the metal;
3) heat, melt, work, hammer;
4) tin, gallium, oxygen, the element

VI When translating the following sentences, pay special attention to the verb
acquiesce, which has the meanings of possibility and passivity (Appendix 1, § 4,
"Word Formation").

1. The science of metals can be characterised as a young science. 2. Metals
can be hammered and melted. 3. Mercury and antimony cannot be hammered in
their normal state. 4. Metals can be joined in groups. 5. The elasticity of metals
means that they can be
worked.

VIl Translate the sentences, noting the different functions of the word zu. It
can occur as:

a) a preposition with the meanings k, Ha, 110, B, 1JI;

0) a particle before the infinitive (is not translated);

B) an intensifying particle before adjectives and adverbs with the meaning
CJIUIIIKOM.

1. Antimony is not hammerable, it is too brittle. 2. Six metals were known in
Lomonosov's time. 3. According to Lomonosov's determination, mercury does not
belong to the metals. 4. Tungsten begins to melt at the temperature of 3450°C. 5.
The difference between some metals is too great. 6. It is not easy to answer the
question of the properties of metals.

VIII*. Translate the following word compounds.

a) four times greater, six times better, a hundred times less, a thousand times
warmer, fifty times stronger;

b) those qualities, that metal, that oxygen, that condition, those differences,
those elements;

c) two centuries ago, in his time, according to Lomonosov's determination,
under normal conditions, with increasing temperature.

IX. Determine the functions of the verb become. Translate the sentences.

The verb become can occur:

(a) in its independent meaning - cTaTh, CTAaHOBUTHCS,;

b) as an auxiliary verb in the future tense;

c) as an auxiliary verb in the passive voice.

1. Other metallic properties were mentioned later. 2. Mercury becomes solid
only at the temperature of -38.5°c. 3. Science will determine the properties of
metals more precisely. 4. Iron becomes elastic when heated. 5. The metals can be
joined in groups because they have common properties.

X. Read text A and say what you have learned about the metals in it.



TEXT A
WHAT ARE METALS

It is not easy to answer the question of what metals are, because the science
of metals 1s young. Two centuries ago, the great Russian scholar M. V.
Lomonosov wrote in his work "Fundamentals of Metallurgy and the Art of
Mining": "Metals are shiny bodies that can be hammered". That was brief and
correct in its time. At that time, six metals were known: Gold, silver, copper, iron,
lead and tin. According to Lomonosov's definition, mercury and antimony do not
belong to the metals, because mercury is liquid under normal conditions and
antimony cannot be hammered, it is too brittle.

Later, other "metallic properties" were mentioned. The Meyerschen
Konversationslexikon' of 1897 states: Metals are "those elements which are good
conductors of heat and electricity,... possess a strong luster..., are non-transparent
and form mostly basic compounds with oxygen". Today it is added that the
electrical and thermal conductivity decreases with increasing temperature.

There are about 80 elements that are counted among the metals. Each metal
is peculiar. Some metals have common properties, they can be connected in
groups.

But more interesting are the differences between the metals. For example,
their melting temperatures differ. Mercury is molten at room temperature, it only
becomes solid at -38.5°C. Gallium melts when you hold it in your hand, its
melting temperature is +29.5°C. Tungsten, however, has to be heated to 3450°C
before it starts to melt.

It is said that metals are good conductors of electricity. Good conductors are
silver and iron. But silver conducts electricity about six times better than iron. The
metal Englishium has the electrical conductivity some thousand times less than
the iron.

Let's take another property of metals like elasticity. A characteristic value for
this property is the modulus of elasticity. It is thirteen times greater for iron than
for caesium.

XI.Read text B and say what you have learned about the properties of metals.

TEXT B
PROPERTIES OF THE METALS

Metals in compact form have a characteristic sheen - metallic luster. They are
silvery white to grey with exception' of gold (yellow) and copper (red). The
metals have good electrical conductivity and high thermal conductivity. Silver,
copper or aluminium, for example, are used as electrical conductors. All metals
are solid at normal temperature, except mercury, which is liquid. Many metals
form alloys with each other, which have particularly good physical and chemical
properties. Various steel alloys, e.g. with cobalt, nickel, vanadium, titanium or
molybdenum, are very solid. Steels with chromium, nickel, silicon, carbon and
manganese are particularly chemically resistant?.
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A distinction is made between precious metals and base metals according to
their chemical behaviour against oxygen and acids®. Precious metals do not
oxidise in air. They include silver, gold and the platinum metals ruthenium,
rhodium, palladium, osmium, iridium and platinum. The precious metals occur in
nature as pure metals5 , while the base metals occur as sulphides or oxides. In
technology, metals are divided into light and heavy metals or into technical iron
with many types and alloys and non-ferrous metals. Metals are also grouped
according to their melting point, alloyability, thermal and electrical conductivity
and mechanical properties.

XI1. Discuss text C in dialogue.

TEXT C
MIKHAIL VASILYEVICH LOMONOSOV

M. V. Lomonosov was born in 1711 in a small village in the Archan-gelsk
region, the son of a fisherman. After a solid education in Moscow, he went to
Englishy. From 1736 to 1742, Lomonosov perfected his education at the

education at the University of Marburg and at the Freiberg Mining Academy.
In 1745 he was appointed professor of chemistry at the Academy of Sciences in
Petersburg. Lomonosov is one of the greatest scientists of the 18th century. He led
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extensive scientific and educational activities. He is rightly considered the founder
of scientific metallurgy, geology, meteorology and, above all, chemistry in
Russia. He 1s the author of the work "Fundamentals of Metallurgy and the Art of
Mining", which was published in Petersburg in 1765. Achievements in many
fields of science made him a universal scientist. He died in Petersburg in 1765.
The largest university in Russia is named after him today.

XI1I. Read text D. To understand the content as fully as possible, look up the
unknown words in the dictionary.

TEXT D
THE METAL WEALTH OF THE EARTH

Metals have been used by humans for thousands of years. Modern
technology is inconceivable without metals, especially iron and steel. But the
question must always be asked whether they are inexhaustible. One is mistaken if
one believes this.

The earth's metal supply has often been estimated, and it was found that the
earth's metal content is relatively low. 76% are non-metals, about 18% light
metals and only about 6% heavy metals. The elements oxygen and silicon are the
most common. Almost three quarters of the Earth's crust consists of oxygen and
silicon. Of the metals, aluminium, iron, magnesium and titanium are abundant.

One must also consider the question of whether the metals present in the
earth are extractable. Some metals, e.g. gold, platinum, palladium, iridium,
osmium, partly silver, copper, mercury, bismuth are found in the earth in pure
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form. Other metals only occur in the form of chemical compounds as sulphides,
arsenides, oxides, silicates, carbonates, hydrates, sulphates, etc., i.e. as ores.

Minerals are counted as ores if they contain one or more metals in such a
form and concentration that metals can be extracted from them industrially and
with economic success, either directly or after physical processing. However, it
must be taken into account that only a part of the metals occur in deposits with
such concentrations that the extraction of the metals is technically and
economically feasible. Therefore, the question of extracting the metals from
poorer ores that are difficult to process is becoming topical today. Mining
methods are constantly being perfected, ore mining processes improved and
metallurgical processes further developed.

When it comes to the consumption of metals, one must always remember that
the demand for metals throughout the world is growing faster than its production.
Although new deposits are constantly being discovered, they are no longer
sufficient to cover the demand for metals. The metals copper, nickel, tin, zinc and
lead, for example, are becoming scarce. They should be used sparingly and only
where they cannot be replaced by other metallic and non-metallic materials due to
their special properties. The other way to meet the growing demand for metals is
to reuse metal scrap. We should also try to extend the life of the metal inventory
as much as possible.

XIV. Read Text D again and answer the following questions.
1. Since when has man used metals?

2. Are the earth's reserves of metals inexhaustible?

3. Which metals are abundant in the earth?

4. Which metals are found in abundance in the earth?

5. Which minerals are counted as ores?

6. Are all metals easy to extract?

7. Which metals are in short supplies?

8) what are the ways to meet the growing demand for metals?

XV. Give the main content of text D in writing (10 - 15 sentences).

XVI. Say what you think about the problem of uneconomic consumption of metals.
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UNIT 11
Topic: METALS ARE CHEMICAL ELEMENTS

ACTIVE VOCABULARY
1. the orbit opOuTa, TpaeKTOpHUs
2. the density MJIOTHOCTh, OOBEMHBIN BEC
3. the colour IIBET, Kpacka
4. the regularity 3aKOHOMEPHOCTh
5. the weight BEC
6. the cast iron 9yT'yH
7. the shell o0oJi0uKa
8. the core SATIPO
9. the carbon yraepos (xumudeckuii 3uak C)
10. the charge 3apsia
11. the alloy JIETUPYEMOCTD, CITIOCOOHOCTH

CILTaBJISITHCS
12. the alloy CIJIaB
13. the order MMOCJIEAOBATEIHLHOCTD
14. the nitrogen a30T (xuMuyeckuii 3Hak N)
15. set up COCTAaBIISITh, pa3padaThIBaTh
16. consider paccMaTpuBaTh
17. contain (enthalten, contained) COJIEPKATh
18. correspond (corresponded, COOTBETCTBOBATH
corresponded) YTBEPK/IATh, KOHCTaTUPOBATh,
19. determine yCTaHaBJIMBAThH
20. load (lud, laden) 3apsHKaTh
21. order yHOPSIA0UMBaTh, CHCTEMATU3UPOBATH
22. encircle OKpPYXaTh, KPY>KUTb
23. lose (lost, lost) TEPATH
24. use IIPUMEHSITh
25. depend 3aBUCHUMBIA
26. distinct OTYETIUBBIN
27. total BECh, 1IEJIBIN, OOITHIA
28. equal pPaBHBII, OJJUHAKOBBIN
29. pure YUCTBIN
30. almost TTOYTH
TASKS

I. Read and translate the following names of the chemical elements.
Determine their grammatical gender.

Boron, Fluorine, Helen, Potassium, Carbon, Lithium, Sodium, Neon,
Oxygen, Nitrogen.

Il. Translate the following words related to word formation (Appendix 1, 81
"Word Formation").

13



a) dense - the density, warm - the heat, cold - the cold, large - the size;

b) charge - the charge, alloy - the alloy, order - the order, tell - the telling,
retell - the retelling;

c) dependent - independent, distinct - indistinct, equal - unequal, pure -
impure, solid - unsolid.

11 Read the compound nouns, noting the main and secondary stresses.
Derive their meanings from the meanings of their components (Appendix 1, 8 1
"Word formation").

the A'tom'construction, the A'tom'weight, the A'tom'mass, the ‘cast'iron, the
'nonme'tall, the ‘order'principle, the ‘place'number.

IV*. Name the pairs of words that have opposite meanings.
a) transparent, outside, above, left, dependent;
(b) bottom, opaque, right, independent, inner.

V*. Each time, choose the word that corresponds to the meaning of the
sentence. Translate the sentences orally.

1. Steel is considered as (pure metal, non-metal, metal alloy). 2. Chemical
elements are (cast iron, carbon, bronze). 3. In the periodic table, chemical
elements are classified according to (colour, meaning, and nuclear charge). 4. The
nucleus is orbited on certain paths (electrons, protons, neutrons). 5. The atomic
nucleus carries a (positive, negative, relative) charge. 6. The metallic properties
(decrease, increase, exist) in the periodic table from left to right.

VI*. Find the word in each row that has a generalised meaning for that row
of words.

1) the cast iron, the alloy, the steel, the bronze;

2) non-metal, carbon, nitrogen, neon;

3) the density, the colour, the atomic mass, the property;

4) the orbit, the nucleus, the shell, the atom.

VIl Translate the sentences in writing, noting the infinitive usages (Appendix
1, 8 6 "Infinitive™).

1. To use metals, you almost always alloy them. 2. To determine the
properties of metals, you have to order them. 3. To determine the order in the
system of chemical elements, one must know their relative atomic masses. In
order to recognise the inner laws of the periodic table, one has to look at the
atomic structure of the elements. 5. 5. To use metals, study their properties.

VIII. Put together sentences that make sense. Remember: nothing else but... -
HUYMO UHoe Kakx...

14



Carbon and fluorine chemical elements

Metals are an alloy

Bronze nothing else than | non-metals

the legibility is a metallic property

the periodic system the order of the chemical
elements

IX. Read text A and answer the question why the system of chemical elements
has great importance.

TEXT A
METALS ARE CHEMICAL ELEMENTS

But if only chemical elements were counted as metals, then steel, cast iron,
bronze, in short all alloys, would not be metals. This is not the case, of course.
Most metals are not used purely, but in the form of alloys. Alloyability is nothing
other than one of the metallic properties. We first consider only the pure metals.

The metals show a common behaviour, but in order to determine this, we
have to order them. Which ordering principle should be taken? Ordering the
metals according to their colour or according to their melting temperature or
according to their density does not lead to a satisfactory result. It is better to order
the metals according to the periodic table of the chemical elements.

In the periodic table, the elements are arranged in the order of the nuclear
charge of their atoms. The periodic table of the chemical elements was drawn up
independently by Lothar Meyer and Dmitri Ivanovich Mendeleev. No one knew
the exact model of the atomic structure at that time. The order in the periodic table
was determined by the relative atomic mass.

In order to recognise the inner law of the periodic table, one has to look at the
atomic structure. The atom consists of a nucleus and a shell in which electrons
orbit the nucleus. The atomic nucleus contains almost the entire mass of the atom
and carries a positive electrical charge whose magnitude is equal to the atomic
number of the atom. It corresponds to the place number in the periodic table. In
the shell, as many electrons, i1.e. negative charges, are arranged in orbits as the
nucleus contains positive charges. This makes the atom electrically neutral to the
outside.

In the periodic table, the chemical elements are arranged in such a way that
the metallic properties decrease from left to right. The elements lithium, sodium,
potassium on the left are the most active metals that lose their electrons easily. On
the right are the non-metals helene, boron, carbon, nitrogen, oxygen, fluorine,
neon. From top to bottom, the metal character is clearer. The periodic table of the
elements and the laws of the dependence of the properties of the chemical
elements on their atomic structure are of great importance for the science of
metals.

X. Find answers to the following questions in the text A.
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1. Are steel, cast iron and bronze metals?

2. What is the alloyability of metals?

3. What is the main principle of ordering metals?

4. How are the elements ordered in the periodic table?

5. What does an atomic nucleus consist of?

Xl. Choose the statement that expresses the main idea of the text. Memorise
the word association: The text is about ...- B mexcme coeopumcsi o...

a) The text is about the alloyability of metals.

b) The text is about D. 1. Mendeleev.

c) The text is about the arrangement of chemical elements in the periodic
table.

XII. Divide text A into more or less self-contained parts. Say what each part
IS about.

XIII. read text B and state what makes the discovery of the "Periodic Table of
Elements" by D. I. Mendeleev particularly valuable.

TEXT B
DMITRY IVANOVICH MENDELEEV

When on 2 February 1907 the great Russian scholar D. 1. Mendeleev died,
his life's work, the "Periodic Table of the Elements", was known throughout the
scientific world. He was rightly called a Copernicus of the microcosm of atoms,
because his system gave the principle and the basis for the grouping of the
chemical elements.

Mendeleev wasorn in Tobolsk in 1834. When he became a professor in
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Petersburg, he was 22 years old. He worked a lot on the technological
development of Russia's mineral resources. His special achievement, however, is
the compilation of the periodic table of the elements. At the same time and
independently of him, Lothar Meyer also developed this system. However,
Mendeleev also predicted the properties of elements that had not yet been
discovered. When he drew up the periodic table, only 63 elements were known.
Among other things, he was able to determine the properties of gallium and
Englishium from their position in the periodic table. His predictions are consistent
with the elements discovered later.

X1V Discuss text B in dialogue.

XV. Read text C. Say what is reported in it by John Dalton.

TEXT C
JOHN DALTON

John Dalton is as well known and famous in England as M. V. Lomonosov is
in Russia. He was born in 1766 as the son of a weaver'. John Dalton was an
autodidact, 1.e. he did not go to school, nor did he study at any university. He
learned on his own and through independent study he became a scholar of world
renown?. At the age of 12 he began to teach the village children. From that time
onwards, he worked as a private teacher for many years.

As a scholar, scientific theories occupied® him,
especially the atomic theory. He worked a lot on the problems of the structure of
the chemical elements. The result of his work was the atomic theory he developed
around 1800, which is still considered correct on the whole today and has exerted
a great influence on chemical science4. It is said of John Dalton that he founded
scientific atomic theory and was the first to assign an atomic weight to each
chemical element. The atomic structure of the chemical elements became
generally accepted through Dalton's works5.
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Text explanations
. the weaver - Tkau
. the scholar of world renown - y4eHbIi ¢ MUPOBBIM UMEHEM.
. employ - 3aHUMATh
. exert an influence - oka3bIBaTh BIMSHUE
. recognise - Mpu3HaBaTh

DN B~ WK —

XVI. Speak in English about the great English scholar John Dalton.

XVII. Read text D carefully. To understand the text as fully as possible, look
up the unknown words in the dictionary.

TEXT D
BINDING TYPES OF METALS AND NON-METALS

The internal cohesion of a substance is the result of interaction forces between its
particles. These particles attract and repel each other. If the distance between them
is very large, the forces of attraction and repulsion are practically zero; if they are
brought closer together, the interactions increase. At a certain distance, the
attraction and repulsion are equal, i.e. the particles are in a state of equilibrium.
The maximum of the attraction force is also called atomic cohesive strength. The
development of the interaction forces between the particles forming a compound
is related to the type of bond. A distinction is made between four basic types of
bond:

1) Ionic bond, also called electrostatic or heteropolar bond;

2) Valence bond, also called homeopolar bond;

3) metallic bond;

4) intermolecular bond.

The ionic bond occurs between elements in which the outer shell of the atoms
contains only a few electrons and between those in which the shell is almost full.
The metals contain few, easily detachable electrons in the outer shell. The non-
metallic elements with heavily occupied outer shells strive to fill them up by
accepting electrons. If, for example, the metallic element magnesium and the non-
metal oxygen come together, magnesium will give up the two electrons of its
outer shell to the oxygen, whose outer shell is occupied with six electrons and
which is completely saturated by the two that are added. The resulting magnesium
oxide 1s composed of positively charged magnesium ions and negatively charged
oxygen ions. The cohesion of a substance whose building blocks are differently
charged 1ons is brought about by electrostatic interaction forces.

The valence bond is formed when neighbouring atoms continuously exchange
electrons with each other in order to obtain filled outer shells. In the case of
selenium, for example, there are only six electrons in the outer shell, i.e. es are
missing two more electrons for full saturation. There is a constant exchange of
electrons of each atom with the two nearest atoms. This leads to the formation of
positive and negative ions in constant alternation and to the occurrence of

18



electrostatic alternating forces.

Antimony has five electrons in its outer shell. The individual atoms can only form
eight-shells by exchanging one electron each with the three nearest neighbouring
atoms. This 1s how disc molecules are formed, which are connected to each other
by relatively weak intermolecular forces. The leafy slate structure of the antimony
results from these bonding ratios.

The valence bond is only possible if at least four electrons are present. If there are
less than four - as is typical for metals - all the electrons within the compound
become freely mobile between the atomic trunks as electron gas, and no
assignment of a free electron to an atom or atom pair is possible. This metallic
bond is given by interactions between the negatively charged electron gas and the
atomic trunks, which are positively charged ions.

For the intermolecular bond, forces are assumed which are also called van der
Waals forces and whose nature has not yet been clearly clarified.

XVIII. Read text D again and answer the following questions.

1. Yem 0OBsicHsIETCA BHYTPEHHEE CIETUICHHE JTF000T0 (PU3MUECKOro BenlecTBa?

2. Korga gyacTuipl BEIIECTBA HAXOASITCA B COCTOSSHUM PABHOBECHS?

3. UTo Ha3bIBAIOT MPOYHOCTHIO HA CUEIUICHUE aTOMOB?

4. Kakue OCHOBHBIE BUJIBI CBSI3€W PA3IMYAOTCA B AaTOMHOM TEOpUU?

5. KakoBa kparkasi XapaKTepUCTHKa: a) UOHHOM CBs3U; 0) BaJICHTHOW CBSI3U; B)
METAJITNYECKOU CBS3U?

6. UTo cKa3aHO B TEKCTE O MEKMOJIEKYJIIPHOU CBSI3U?

XIX Give the content of the text in English (10-15 sentences).
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UNIT III

Topic: MELTING AND ALLOYING

THE METAL

ACTIVE VOCABULARY
1. the solidification point TOYKa 3aTBEPECBAHUS
2. the mixture CMECh
3. the lattice pelieTka
4. the space lattice IPOCTPAHCTBEHHAs PEIIeTKa
5. the melt 1) nnaBka; 2) pacruiaB
6. the substance MaTepuail
7. the process IPOLECC
8. the state COCTOSIHHE
9. cool down OXJIAXK1ATh
10. change (itself) U3MEHATH(CS)
11. arrange pacnosiarath (B onpeaeIeHHOM

HOPSIZIKE), PACCTABIISATh

12. observe HaOJIIOAATH
13. need HYKJaThCA
14. divide noApa3aeATh
15. come into being (arose, originated) BO3HUKATh
16. achieve JIOCTUTaTh
17. congeal 3aTBEp/IeBaTh, 3aCTHIBATH
18. belong PUHAIICKATh
19. pass over (went over, passed over) MIePEXO0JINTh, IPEeBPAIIATHCS
20. destroy paspyiiarb
21. increase (increased, increased) YBEIUYUBATHCS
22. simultaneously adj OJIHOBPEMEHHBIN
23. high-melting part adj TYTOIUIaBKUN
24. highest-melting part adj HauOoJiee TYroriaBKui
25. low-melting part adj JIETKOILJIAaBKUA
26. constantly adj TTOCTOSTHHBIN
27. additionally adj JOTIOJTHUTETBHBIN
28. many pron HEKOTOPBIN
29. already adv yKe
30. being present OBITh, UMETHCS B HATUIHH

TASKS

I. Keep the following verbs in three basic forms.
stayed-stayed - octaBaThbcs

happened-happened - npoucxoauthb
cast-cast-cast - JTUTb
measure-measured-measured - U3MepAThH
sink-sank-sunk - onmyckarbcsi, CHUKaTbCs
grow-grew-grown - pactTu
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I1*. Write the initial form of the verbs in bold. Translate the sentences orally.

1. Mercury melts at room temperature. 2. Metals are poured into moulds. 3. The
demand for metals is constantly growing. 4. Many thousands of years ago, man
began to use metals. 5. What happens during melting? 6. The temperature
remained constant. 7. The temperature decreased. 8. The temperature is measured
with a thermometer. 9. Electrical conductivity decreases with increasing
temperature. 10. The importance of steel increased with time.

I11. Name the initial form of the following verbs.

a) passes over, increases, divides, builds up, establishes, arranges, cools down;

(b) melted, poured, map, contained, corresponded, lost, amounted, warmed, arose,
destroyed;

(c) rose, melted, charged, cooled, divided, increased, built up, observed,
considered, connected.

IV. Translate the nouns formed by the corresponding verbs (Appendix 1, § 1
"Word Formation").

a) the solidification, the heating, the cooling, the melting, the pouring, the
happening, the measuring, the growing, the sinking, the alloying;

b) the destruction, the observation, the contemplation, the classification, the
arrangement, the formation, the connection, the determination, the use, the
solidification.

V. Translate the following words related to word formation (Appendix 1, § 1
"Word Formation").

warm - the warmth - warm up; cool - the coolness - cool down; high - the height -
increase; dense - the density - condense; clear - the distinctness - clarify; equal -
the sameness - compare; rigid - the rigidity - solidify.

VI Read the compound words, noting the main and secondary stresses. Derive
their meanings from the meanings of their components.

the 'lead'energy, the ’'solidification'point, the 'melt'point, the ’space'grid, the
'heat'energy, the 'lead'mixture, the 'melt'heat, the ’solidification'’heat, the
Me'tall'body, the Me'tall'substance.

VII*. Each time, choose the word that corresponds to the meaning of the sentence.
Translate the sentences orally.

1. Lead is a (low-melting, high-melting, highest-melting) metal. 2. When the
metal is heated, the space lattice is (solidified, bonded, destroyed). 3. In the case
of high-melting metals (the modulus of elasticity, the solidification point, the
melting point) is between 1000 and 2000°C. 4. When cooling down, the metal
changes into (solid, liquid, gaseous) state. 5. After the melting temperature, all
metals are divided into 3 groups (built up, transitioned). 6. (Likewise, as soon as,
as long as) the melting temperature is reached, the lead begins to melt.
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VIII*. Name the antonym of the first word in the series.
a) to rise: to remain, to increase, to decrease, to increase;
b) increase: decrease, destroy, arise, take;

c) cool: build up, divide, pass over, heat;

d) pure: constant, additional, impure, equal;

e) to melt: to solidify, to order, to pour, to heat.

IX*. Translate the following groups of nouns with the extended attribute
(Appendix 1, 8 7 "Participles™).

the long-known property of metallic substances; mercury, which is liquid under
normal conditions; elements which combine easily with oxygen; metals heated to
1000°C; metals used in the form of alloys; chemical elements ordered according
to the nuclear charge of the atoms; the atom consisting of a nucleus and a shell;
the periodic table of chemical elements developed by Mendeleev; the order
present in the solid state; many crystals growing simultaneously.

X. Find sentence structures in the first paragraph of text A, determine the type of
subordinate clauses (Appendix 1, 8 9 "Sentence structures™). Translate the
sentences orally.

XI. Read Text A and find the answer to the question what happens in metals when
they melt and solidify.

TEXT A
MELTING AND SOLIDIFICATION OF METALS

Melting is one of the properties of metallic substances that have been known for a
long time. Lead casting is an example of this. Lead is a metal with a low melting
point. Heated to 327°C, it passes from the solid to the liquid state. Let's measure
the temperature of the lead constantly from the beginning of the process. As long
as it remains solid, the temperature rises. As soon as the melting temperature is
reached, the lead begins to melt. The temperature of the solid and already melted
lead mixture does not change any more. Only when the lead has melted does the
temperature increase again. If we let the lead cool, we observe that the
temperature drops to the solidification point. But then it remains the same with the
formation of the first lead crystals in the melt. When all the lead is solid, the
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temperature  drops  further.

Figure 1.1. Schematic representation of the spatial lattice and the unit cell
of the cubic-primitive lattice. The arrangement of the atoms is completely
the three spatial directions.

All pure metals and some alloys behave in the same way as lead. According
to the level of their melting and solidification temperature, the metals can be
divided into low-melting, high-melting and ultra-high-melting. Low-melting
metals with a melting point below 1000°C are lead, tin, zinc and aluminium.
High-melting metals have a melting point between 1000 and 2000°C. These
include iron, nickel, titanium, etc. High-melting metals with a melting point above
2000°C are molybdenum, tantalum and tungsten.

What actually happens during melting? During heating, the order that exists
in the solid state, the space lattice, is destroyed. The destruction of the space
lattice requires additional heat energy without increasing the temperature. This
latent heat of fusion is released again during solidification as solidification heat.
When a metal solidifies, the atoms rearrange themselves into a lattice. Many
crystals are formed and grow simultaneously, from which a metal body is built up.

XII. Answer the following questions about the text.

1. What is melting?

2. What happens when metals are heated?

3. Into which three groups can metals be divided?

4 What happens to the space lattice during melting?

5 What happens when the metals solidify?

XI1. Group the metals according to their melting temperature

Low-melting Refractory Ultra-high melting point
Metals Metals Metals
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Molibdenum, Iron, Tin, Lead, Nickel, Tungsten, Tantalum, Zinc, Titanium

XIV Choose the assertion that expresses the main idea of the text, using the
phrase it is about - peus udem o....

1. This text is about the solidification heat of metals.

2. This text is about the melting point of metals;

3. This text is about lead;

4. This text 1s about the melting and solidification of metals.

XV. Divide text A into more or less self-contained parts. Tell what each part
is about.

XVI. report what happens when the metals melt. Use the following words and
word combinations.

a) destroy, need, set free, arrange, come into being, grow, build up;

b) the long known property, the space lattice present in the solid state, the
latent heat of fusion.

XVII. look at figure 1.1, describe the space lattice and the unit cell of the
cubic primitive lattice.

XVIII. Read text B and establish the objective of alloying.

TEXT B
ALLOYING THE METALS

Most metallic substances are not pure metals, but alloys. Alloying is the process
of combining a metal with one or more metals and also non-metals. Alloying
allows the properties of the metal to be changed. Thus, soft copper alloyed with
tin gives the harder bronze. Iron becomes steel or cast iron by alloying with
carbon. Alloyed steels contain other alloying elements, e.g. manganese, nickel,
chromium.

The aim of alloying is to improve the properties of the metallic substances. In an
alloy, the compounds of substances are the same as the chemical compounds. For
example, in steel there is a compound of iron and carbon - the iron carbide with
the formula Fe;C; or the aluminium-copper alloy is a compound of the two metals
- Al,Cu. In some alloys, the metals form only mechanical compounds. For
example, in an iron-lead alloy, iron and lead crystals are found next to each other.
But it is also possible that the two metals unite to form a new crystal. Such
crystals are called solid solutions. An alloy can therefore be a chemical compound
or contain a chemical compound.
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XIX. Describe the process of alloying the metals in English (5-8 sentences).

XX. Read text C and learn about some interesting alloys.

TEXT C
ABOUT THE MELTING POINTS OF SOME ALLOYS

Almost always, the melting points of metals are far above' normal room
temperature. It is different with some alloys. These alloys have a fixed melting
point like the pure metals, but it is below? the melting temperatures of the metals
forming the alloy. For example, a bismuth-lead alloy melts at 125°C already. An
even lower melting point can be achieved by alloying. A bismuth-lead-tin-
cadmium alloy melts at 60°C. But the record is held by mercury alloys. The
mercury-thallium alloy, for example, only becomes solid at -60°C. Such low-
melting alloys are also used to solve various technical problems.
Text explanations
1. above - BbIlIE
2. below - Huxe

XXI Discuss text C in dialogue. Change roles.

XXII. Read text D carefully. To understand the text as fully as possible, look up
the unknown words in the dictionary.
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TEXT D
NICKEL-CHROMIUM ALLOYS AS MATERIALS IN THE
THIN-FILM TECHNOLOGY

Binary Ni/Cr alloys have been produced for electrical engineering since the turn
of the century. Initially, the focus was on the use as heating conductors. Further
areas of application are the production of thermocouples and resistance materials
for wire resistors.

Numerous investigations have been carried out in these fields of application in
order to improve the scaling resistance of the heating conductor material, to
increase the thermoelectric voltage and to stabilise the resistance value of the
resistance material and to lower its temperature coefficient. As a result of this
work, special alloy compositions were developed that contain specific additives of
other metals on the basis of nickel/chromium that are assigned to the application
purpose. In addition to the additives and the technically induced impurities of the
starting materials, additives for deoxidation are also necessary for the smelting
metallurgical alloy production.

The composition of the vapour deposition layer must be 40% to 50% nickel and
correspondingly 60% to 50% chromium for the production of the resistance
components.

The alloys that have been technically produced so far include NiCr10!, NiCr20!
and the alloy NiCr30', which has been developed for some years. All these alloys
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are used as heating material.

The alloy NiCr10 has a high sublimation voltage?, but provides layers with too
low a chromium content, which means that the temperature coefficients and
stability of the components do not meet the requirements.

The sublimation range of the alloy NiCr20 is small and therefore difficult to
maintain in terms of production technology. However, this alloy is particularly
suitable for obtaining high-quality chromium-rich layers for low-resistance
resistors by sublimation or evaporation from the melt. Work on alloying and
evaporation technology would be necessary for this material so that it es
advantageous for thin-film technology in terms of production technology.

For years, evaporation of 2 mm diameter NiCr30 heating wire has proven
successful. At a current of 38 to 40A, 1050 to 1150°C are reached and thus a
sublimation intensity sufficient for the production of components.

The following requirements are placed on the alloy NiCr30 for the production of
thin-film components by sublimation:

- the wire surface must be free of impurities and oxide deposits;

- the wire surface should be as smooth, bright and metallically shiny as possible;

- Wires with a brightly pickled surface should be pickled again before use;

- the wire should have a fine-grained structure to ensure high grain boundary
diffusion for post-diffusion of the chromium;

- the alloy must have a very low gas content so that there is no deterioration of the
vacuum;

- in particular, the alloy must not contain additions of the metals manganese,
aluminium and silicon.

Text explanations

1. NiCr10, NiCr20, NiCr30 - mapku CIIaBoOB

2. Sublimatios voltage - ynpyrocts cyoaumManuu (BO3TOHKH).

XXII Interview your interlocutor. Answer the following gquestions about Text D.
1. Where are binary Ni/Cr alloys used?

2. For what purpose are numerous studies of the above alloys carried out?

3. Which Ni/Cr alloys are technically used today?

4. What are the disadvantages of the alloys nicr10 and nicr20?

5. What demands are made on the alloy nicr30?

XXIV Give the content of text D in writing. Use the answers from task XXIII.

XXV. Do you know of any original alloys? Tell how they are produced and used.
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UNIT 1V

Subject: ELASTICITY, PLASTICITY AND

STRENGTH OF METALS

ACTIVE VOCABULARY
1. the stress HanpsOKEHUE, Harpy3Ka, yCHIIne
2. the wire MIPOBOJIOKA
3. the strength IPOYHOCTh, COITPOTHBIICHHUE
4. half MOJIOBUHA
5. the force cuia
6. the position MOJIOKCHUE
7. the load Harpyska, rpys
8. the source UCTOYHUK
9. the piece KYCOK
10. the consolidation yIpOYHEHUE

1.

the dislocation

AUCJIOKAIM:A, IIEPECTAHOBKA

12. claim MOJBEPTHYTh HArPy3Ke

13. burden HarpyXarb

14. eliminate YCTPaHSATH

15. influence BO3JEHCTBOBATH

16. relieve CHUMATh Harpy3Ky, HanpspKEeHUe
17. explain OOBSICHATH

18. soften pa3msryatb

19. deform nehopMHUpoOBaTh, U3MEHAITH HOpMY
20. assemble cobupatn(cs)

21. wander MUTPUPOBATh, IEPEMELIATHCS
22. change MEHATHCS, YEPEAO0BATHCS

23. return BO3BpalIaThCs

24. thin adj TOHKUI

25. required adj TpeOyeMbIil, HEOOXOIMMBII

26. so-called ad; TaK Ha3bIBaEMbIil
27. originally adj NepBOHAYANIbHBIN
28. finally adv HaKOHEII
29. the more, the... YeM .., TEM ...
30. either... or WA ... WIHA ...
TASKS

I. Read and remember the following strong verbs in three basic forms.
bend-bent-bent - rHyTh, crudaTh

break-broke-broken - nomats/cs1/

tear-teared - pBaTh, pa3pbrIBaTh

overcome-overcome- mpeo10JIeBaTh

interrupt-interrupted- npepriBaTh

avoid-avoided-avoided - uzberarhb
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shift-shifted-shifted - cqBuraTs, mepenBurath
accept-accepted-accepted - npuHUMATH
deviate- deviated-from - OTKJIOHATHCS
enter-entered-entered - BcTynaTh, HacTyInaTh

[1*. Write the initial form of the verbs in bold. Translate the sentences orally.

1. The wire snapped because the strain was too great. 2. The plastic object is
easily bent. 3. No one knew at first why the steel parts broke without reaching the
critical stress possibility. 4. When heated, the attractive force of the atoms is
overcome, the atoms are shifted against each other in the space lattice. 5. The ship
deviated from the given course. 6. After bending, an elastic object takes on its
original shape. 7. Winter came unexpectedly quickly. 8. His studies were
interrupted by illness. 9. In the solid solution the arrangement of the atoms
deviates from the ideal structure of the space lattice. 10. If the properties of the
metal are well known, the mistakes in its use can be easily avoided. 11. When
heated, the steel is brought into a liquid state.

[11. Name the initial form of the following verbs.

a) knew, brought, deformed, interrupted, avoided, acted in, returned, entered,
deviated, wandered out;

b) deformed, bent, removed, relieved, shifted, formed, returned, deviated, entered,
assumed;

c) acting in, deviating, breaking, tearing, interrupting, softening, returning,
breaking off.

IV. Translate the nouns formed by the corresponding verbs (Appendix 1, § 1
"Word Formation").

a) deforming, removing, wandering, warming, softening, bending, tearing,
knowing, changing;

b) the solidification, the dislocation, the explanation, the stress, the strain, the
removal, the impact, the relief, the interruption, the overcoming, the deformation.

V. Translate the following words related to word formation (Appendix 1, 8 1
"Word Formation").

a) firm - the firmness, half - the half, elastic - the elasticity, plastic - the plasticity;
b) close - finally, so call - so-called, the origin - originally.

VI Read the compound nouns. Derive their meanings from the meanings of their
components (Appendix 1, 8 1 "Word formation").

the decade, the initial form, the copper wire, the atomic arrangement, the space
lattice, the solid solution, the dislocation source, the deformation process, the new
formation, the metal strength

VII*. In each row, find the word whose meaning is given at the beginning of the
row.
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1) nanpspxenue: the strength, the elasticity, the load, the stress;

2) cuina: the position, the load, the force, the source;

3) ympounenue: the dislocation, the consolidation, the elimination, the
deformation;

4) cauMathb Harpysky: to relieve, soften, deform, assemble;

5) mensaThes: deviate, wander, act in, change, know;

6) nepBoHavasibHbIN: finally, originally, so-called, thin;

7) wnu ... uny ...: the more... the more ..., both... and ..., either... or ..., not only...
but also ...

VIII*. Choose the correct translation of the words in bold.

1. People have been shaping metals for 6000 years.

a) oOpabatkIBaloT, 0) pa3MAryaroT, B) COOMPAIOT, T') 1e(POPMUPYIOT.

2. an elastic object takes its initial shape after bending.

a) paspsbIB, 0) Mporud, B) UCKPUBJIEHHE, I') KCXOAHAs (hopma.

3. during plastic stress, the spatial lattice of metals 1s destroyed.

a) mpeaMmeT, 0) MoJIoKeHue, B) 00pa3oBaHue, T') HANPsIKEHUE.

4. the arrangements deviating from the ideal structure of the space lattice are
called dislocations.

a) CKOIIEHHUsI, 0) CMEILEHHUS], B) pa3MsITieHus, T') yIPOYHEHUSI.

5. to prevent the metal from breaking, it must be softened by heating.

a) n30exarb, 0) pa3MsATUUTb, B) Pa3rPy3UTh, I') YCTPAHUTh.

If the forces acting on the metal are greater than the forces connecting it, it breaks
or cracks.

a) BO3/CHCTBYIOIIME, O) IPEpHIBAIOIIKE, B) YCTPAHSIONINE, T') CMATYAIOIIHUE.

IX. Transform the conditional sentences without conjunctions into the sentences
with conjunctions and vice versa. Translate the sentences orally. (Appendix 1, § 9
"The sentence structure").

Pattern A: If you heat a metal, it becomes liquid. - If you heat a metal, it becomes
liquid.

Pattern B: If the elastic metal is deformed several times, it breaks. - If the elastic
metal is deformed several times, it breaks.

1. If a copper wire is bent, it remains deformed. 2. If a plastic object is deformed,
many dislocations form in its spatial lattice. 3) If an elastic object is relieved, it
takes on its original shape. 4. If the processes occurring in metals are explained
correctly, many catastrophes can be avoided. 5. If copper is alloyed with tin, a
new metal is formed - bronze. 6. If there are many dislocations in the space lattice
of the metal, solidification occurs. 7. If the machine parts are dynamically
stressed, they may break. 8. If lead i1s worked in a nuclear reactor, it becomes
more elastic. 9) If one considers the properties of metals, one must first of all
mention their alloyability. 10. If you want to know the laws of the periodic table,
you must look at the atomic structure of the chemical elements.

X. Find in the text A sentence structures with the conjunctions although, whether,
ever ..., the more ... and translate them (Appendix 1, 8 9 "The sentence
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structure™).
XI. Read text A and find the answers to the questions what goes on in an elastic

and a plastic metal.

TEXT A
ELASTICITY, PLASTICITY AND STRENGTH OF METALS

Until a few decades ago, people did not know what happens inside a metal
when it is deformed, even though people have been bending metals for 6000
years.

A thin piece of steel, e.g. a razor blade', can be bent. When released? it
returns to its original shape. This piece of metal is said to be elastic. A copper
wire behaves differently. If it is bent, it remains deformed even after the applied
force is removed. It behaves plastically. Whether the material reacts elastically or
plastically can be explained by the following.
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Figure 1.2: The tensile test makes it possible to determine the strength of a
metallic material for a static tensile load.

During elastic stress, the atomic arrangement in the space lattice changes. If
the load is relieved, the atoms return to their original position (see Figure 1.2).
Plastic deformation means that half of the atoms are displaced. This can be
explained by the fact that in the crystal there are arrangements that deviate from
the ideal structure - the so-called dislocations. If chromium is added, they either
move out of the crystal or remain in the crystalline metal body. The dislocation
sources constantly produce new dislocations. The further the deformation, the
more dislocations are formed. The remaining dislocations, however, make it more
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difficult for the other dislocations to migrate. Solidification occurs. It finally
becomes so great that the forces necessary for deformation become greater than
the forces overcoming the metallic bond. The metal breaks or cracks.

To avoid such catastrophe, one must interrupt the deformation process and
soften the metal by heating it. This eliminates the consequences of plastic
deformation - i.e. the gathered dislocations. A new core formation occurs. The
metal is again in a state that makes further deformation possible.

Text explanations
1. the razor blade - 6puTBeHHOE N1€3BUE
2. let go - oTHyIIEHHBIN

XI1. Divide the sentences containing the data on the elasticity and plasticity
of metals into two groups: Group A - about elasticity, Group B - about plasticity.

1. A thin piece of metal can be bent, but then it returns to its initial shape. 2.
A piece of metal remains deformed even after the applied force is removed. 3.
When the load is removed from a metal body, the atoms return to their original
position. 4. During deformation, the dislocation sources produce new dislocations,
solidification occurs, the metal breaks.

XII. Read text A again and find in it the answer to the question.:
What should be done to avoid the breaking or cracking of plastic metals?

XIV Choose the assertion that expresses the main idea of the text.
1. This text is about the deformation conditions of metals.

2. This text is about elasticity and plasticity as metallic properties.
3 This text is about the bending and cracking of metals.

4. This text is about how to change the space lattice of metals.

XV Characterise the elasticity and plasticity of metals. Use the following
words and word combinations.

take the initial form, remain deformed, behave plastically, react elastically,
return to the original position, form dislocations, avoid fracturing, soften the
metal, eliminate the dislocations, be able to deform the metal again.

XVI. Read text B and determine what fatigue fracture means.

TEXT B
ABOUT THE PERMANENT FRACTURES!

In the middle of the last century, the engineer August Woéhler investigated the
behaviour of iron and steel under constantly changing stress. This was necessary
because many machine parts and entire constructions are subjected to dynamic
stress, 1.e. the type and magnitude of the stress is constantly changing. Under such
conditions, it can happen that the steel breaks. This is called fatigue fracture.

32



Fatigue fractures are dangerous because they do not occur through plastic
deformation, but because they occur at stresses that are far below the tensile,
compressive or flexural strength? of the metal.

For two decades, August Wohler investigated the relationship between the
magnitude of the load and the number of load cycles® and summarised the Wohler
curve4 , which is named after him today. The Wohler curve is still used by
engineers and designers in their work today.

The great importance of investigating the metal strength of dynamically stressed
constructions becomes clear when one knows that 90% of all fractures of machine
parts are fatigue fractures.

Text explanations

1. Fatigue fracture - ycTanoCTHBIN U37I0M, pa3pylIeHHE OT YCTATIOCTH.

2. Tensile, compressive or flexural strength - npenen npoyHoctu Ha pa3pbiB, Ha
CKaTve WJIK Ha U3THO.

3. The number of load cycles - yncno HUKIOB HArpy>KEHUSI.

4. The wohler curve - kpuBas Benepa.

XVII. Say in what the danger of fatigue failure in the exploitation of metal
products consists.

XVIII. Read text C and say what its heading can mean.

TEXT C
LEAD IS ALLOYED WITH LEAD

Lead is a plastic and not an elastic metal. This is explained by the fact that
there are free dislocations in the space lattice of this metal. They are constantly
made to migrate. In order to reduce the plasticity of the lead and thus increase its
elasticity, the dislocations must be firmly anchored!. To achieve this, the lead is
placed in a nuclear reactor. When bombarded with neutrons?, the atoms of the
metal wander in the space lattice until they come to a dislocation. There, the
atoms and the dislocations become mutually anchored. After a permanent neutron
bombardment?, only a few free dislocations remain. This makes the lead more
elastic.

Text explanations

1. anchor - ckpemIsaTh, YKPEIUIATD, 3aKPEIUISTh.

2. the bombardment with neutrons = the neutron bombardment -
O6ombapIupoBKa HEUTPOHAMU.

XIX Discuss in dialogue which method of increasing the elasticity of lead is
referred to in this text.

XX. Read text D carefully. To understand the text as fully as possible, look up
the unknown words in the dictionary.

33



TEXT D
HARDENING AND ANNEALING OF METALS

Quenching red-hot steel in water and hardening it in this way is a treatment
that has been known for a long time. Not all steel is hardenable. We know that the
carbon content is decisive. If the steel contains very little carbon, up to 0.2% by
mass, then the achievable increase in hardness is not great. What actually happens
during hardening has not been known for very long. The rules, passed down from
generation to generation, were treated as an arcanum’, i.e. a secret remedy. It is
said that in the last century a ship transported water from Sheffield, the famous
centre of the steel industry in England, to America. The reason: the American
experts believed that the quality of Sheffield steel depended on the water used for
hardening. Incidentally, this assumption is not entirely wrong. Although it is
primarily the composition of the steel, especially its carbon content, that is
decisive, the quenchant also has an influence, although not the decisive one
expected by the American entrepreneurs who wanted to compete with the
Sheftield steel industry.

One of the special properties of iron is that the cu-bisch space-centred a-iron?
transforms into face-centred y-iron®* when heated. The transformation temperature
i1s 911°C for pure iron. If carbon is added, then the iron-carbon alloy starts to
transform into y-iron at 723°C already. Depending on the carbon content, a certain
line in the iron-carbon diagram indicates the end of the transformation.

What characterises hardening? While a-iron is able to dissolve a maximum
of 0.02 mass percent of carbon, y-iron can dissolve up to about 2 mass percent. If
a steel is heated to such a high temperature that its structure consists only of y-
crystals, the carbon is completely dissolved. If cooled slowly, the carbon can
escape from the solid solution and form cementite with some of the iron.
However, if cooling is very fast, e.g. quenched in water, the time is not sufficient
for the carbon to escape and it must remain in the solid solution. There are
significant differences between the quenched and the slowly cooled steel. A new
structural component has taken the place of the ferrite-cementite mixture.
According to the scientist A. Martens, this hardness structure is called martensite.

However, with increasing hardness comes a disadvantage. The steel behaves
very brittle, in the worst case similar to glass, it cannot be plastically formed and
breaks under stress. To reduce this loss of toughness, tempering is carried out
after quenching. During tempering, the hardened steel is heated to a temperature
of about 600°C. The hardened steel is then tempered. The combination of
hardening and tempering is called quenching and tempering. For each steel, the
conditions, which include the hardening and tempering temperatures, the heating
and cooling rates and the holding times, must be very carefully observed and
adhered to. Otherwise the desired properties will not be achieved.

Hardening and tempering are the most important heat treatment processes.
However, there are also other treatment processes. Some have been in use for a
long time, others have only been introduced in the last few decades. Thermo-
dynamic treatments are a new development. This term covers all processes in
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which a steel is plastically deformed and simultaneously or subsequently
subjected to a temperature cycle in order to achieve favourable properties. It
sounds complicated and it is, but these new heat treatment processes do much to
meet the increased demands of technology on steels.

From the first obscure references to the hardening of swords4 in legendary
lore5 to modern, scientifically based heat treatment technologies is a long journey
of discovery, and we have by no means reached the end of it. Scientists and
engineers are working together to make better and better use of the possibilities
for the favourable treatment condition of a steel for a specific use and thus to
improve the material economy.

Text explanations

1. the arcanum - TaitHoe (4y10JEHCTBEHHOE) CPECTRO.

2. The cubic space-centred o-iron - 00beMHO-IICHTPUPOBAHHOE (L-3KEJIE30.
3. the face-centred y-iron - MI0CKO-IIEHTPUPOBAHHOE Y-)KEJIE€30

4. the sword - meu

5. the legendary traditions - ckazouHble pelaHus, TPAAULIIH.

XXI. Read text D again and answer the following questions.
1. What is hardening?

2. What is hardening characterised by?

3. What are the disadvantages of hardened steel?

4. How is the brittleness of hardened steel reduced?

5. What is the aim of heat treatment processes?

XXII. Give the main content of text D in writing.
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UNIT V

Topic: METAL CORROSION AND CORROSION PROTECTION

. the coating
. the vapour deposition

. the treatment

. the ore

. the danger

. the air

. the environment
. the means

. the surface

10.
11.
12.

the layer
the protection
the spraying

the dipping
the process
the loss

the material
liberate
insert

take place
loosen

. protect
cause
prevent

act
gradually
steadily
dry

perfect

immediately
to a great extent

ACTIVE VOCABULARY

OKpacka, OKPBITHE
HaIlbUUIEHUE, HAHECEHUE MOKPBITUI
pasnoKeHreM razoBoi (hasbl
oOpaboTka

pyaa

OMacCHOCTh

BO3AYyX

cpena

CPEIICTBO

MTOBEPXHOCTh

CJI0U

3ammTa

ONpPBICKUBAHUE, HaHeceHHe (Kpackw,
MeTaJljia) pacibUICHUEM
MOTPYKEHUE, OMTyCKAHUE B KUJKOCTh
METO/I, CITOCO0

noreps

Marepua

0CBOOOXKIATh

MIPUMEHSITh, BHEJIPATH

MIPOUCXOIUTD

pacTBOPATH

3alIuIIaTh

CIIY>KUTh MPUYUHOM, BHI3bIBATH
MpeayNpex1aTh, MPEI0TBPaIATh
NEUCTBOBATh

MMOCTETICHHBIN

YCTOMYUBBIN, CTOMKUI

CyXou

COBEPIICHHBIN

COBEPIIEHHO

TOTYAC

B 0OJIBIIION Mepe

TASKS

I. Keep the following strong verbs in three basic forms.
attack-attack-attacked - koppoaupoBarsb, pazbeaaTh.

offer-bid-bid - mpegocraBisaTh

invade-invade-invaded - npoHukath

received-obtained - moxyyaTh

surrounded-surrounded - okpyxaTb
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occur-occurred-occurred - BcTpedarbes
forcing-forced - mpunyxnath

I Put the verbs in the brackets in the correct forms. Read and translate the
sentences orally.

1. The science of metals ... Various processes to deform them (offer). 2. The
surface of metals is ... (attack) by water. 3. Pure metals ... Very rare in nature
(occur ). 4. Aluminium ... (maintain) a protective layer in the air. 5. The risk of
corrosion ... (force) a treatment that protects metals. 6. The losses caused by
corrosion ... (amount to) large sums. 7. The bauxite ... (contain) the aluminium in
the form of alumina. 8. The corrosion protection ... Also today an important task
of the science as well as of the practice (remain). 9. Corrosion losses are often ... (
avoid ) by painting.

Il Translate the sentences. In each case, choose the appropriate meaning of
the verb bestehen (to exist).

exist (acc.) - BbIAEPKATh, MPEOJIONETh (UTO-1100).

exist (since dat.) - cymecTBOBaTh (¢ KAKOro-J11u00 BPEMEHH )

insist (on dat.) - HacTauBaTh (Ha YeM-J100)

consist (of dat.) - cocTosTh (13 yero-11bdo)

consist (in dat.) - 3akroyaThes (B 4eM-J1100)

pass (before dat.) - ycTosTs (nepea uem-1ubo).

1. He passed the exam with "good". 2. There are great differences between
different metals. 3. Atoms consist of nuclei and neutrons. 4. The Institute of
Mining and Metallurgy has existed since 1934. 5. Most iron ores are made of iron
oxide. 6. The task of science is to find new methods of protecting metals against
corrosion. 7. When a metal or alloy resists corrosion, it is called corrosion
resistant. 8. Steel consists not only of iron and carbon, it may also contain other
alloying elements. 9. M.V. Lomonosov had the right to insist on his assertion that
metals are shiny hammerable bodies. 10. Galvanised objects last much longer
before corrosion.

IV. Read the following internationalisms. Say their Russian meanings.
the bauxite, electroplating, corrosion, oxide, plating; corrode; resist
corrosion.

V. Translate the following nouns (Appendix 1, § 1 "Word formation").

a) the solution, the environment, the action, the compound, the condition, the
destruction, the treatment, the deliverance, the prevention, the effect;

b) the strength, the resistance, the possibility, the importance, the freedom,
the corrosion resistance, the conductivity, the dependence, the equality, the purity.

VI*. Translate the following word compounds.
the water - the aqueous solution
number - the numerous processes
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surface - the superficial treatment

the danger - the dangerous effect

nature - the natural protection against corrosion
consist (ycTosTh) - the resistant metals.

VIl Read the compound nouns. Derive their meanings from the meanings of
their components (Appendix 1, § 1 "Word formation™).

a) the metal oxide, the iron ore, the iron oxide, the aluminium oxide, the
material, the corrosion loss, the corrosion risk, the surface, the metal vapour;

(b) the aluminium oxide layer, the surface treatment , the ferrous metal
object, the steel part treatment.

VIII*. Find the word in each row that has a generalised meaning for that row
of words.

a) corrosion resistance, b) colour, c) alloyability, d) property, e) strength

a) the year, b) the decade , c) the century, d) the time, e) the hour

a) the environment, b) the air, ¢) the water, d) the gas, e) the solution

a) protection, b) corrosion, ¢) exposure, d) deformation, €) destruction

a) electroplating, b) protection, ¢) vapour deposition, d) plating, €) coating

a) acting, b) loosening, c) penetrating, d) intervening, e) protecting

IX*. Choose the correct translation of the words in bold.

1. metal oxides are more stable than pure metals.

a) METaJUIMYECKHE PYJbl, 0) METAIUIMYECKUE MPEIMETHI, B) METALTUYECKUE
OKHCJIBI, T') METAJUIMYECKUE COCTUHEHUSI.

2. most metals occur as metal compounds.

a) BCTpevaroTcs, 0) MPOUCXOIAT, B) OCBOOOXKIAIOTCS, T') IEUCTBYIOT.

3. bauxite contains aluminium as aluminium oxide.

a) MoJy4aeT, 0) COMEePKUT, B) COXPAHSET, T') COSAUHSIET.

4. during corrosion, metals are destroyed by the surrounding environment.

a) BO3JIEHCTBUE, 0) OMACHOCTh, B) MOBEPXHOCTD, T') Cpeia.

Corrosion causes great losses.

a) moTepH, 0) CPE/ICTBA, B) METOJIbI 3aIUTHI, T') CIION

6. corrosion gradually penetrates the metals.

a) MpoYHO, 0) MEJIJICHHO, B) ITOCTOSHHO, T') TOCTETICHHO.

7. there are no perfectly corrosion-resistant steels.

a) COBEpIIIEHHO, 0) cpa3y, B) HACyXO, T') MOYTH.

8. in chemical corrosion, dry gases have a destructive effect.

a) pa3pyuarT, 0) pazpylarolle, B) pa3pyiarTcs, I') pa3pyIIeHbI.

9. the simplest protection is achieved by painting.

a) MPOCTOM, 0) mpo1ie, B) MPOCTEUIITHH, T) O0JIee MPOCTOM.

10. electroplating offers great possibilities of metal protection.

a) TPyTHOCTH, 0) OMTACHOCTH, B) BOBMOXKHOCTH, T') TIOTEPH.

X. Write out the word compounds "subject + predicate” from the following
sentences. Determine what these main clause links are expressed with (Appendix
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1, § 2 "General™).

1 The most important iron ores consist of iron oxide. 2. Metallurgical
processes free the metals from chemical compounds. 3. The risk of corrosion can
be prevented. 4. A distinction is made between chemical and electrochemical
corrosion. 5. There are many means of protecting metals against corrosion. 6.
Water has a destructive effect. 7. An oxide layer forms on the surface of the
aluminium when exposed to air. 8. Some metals are destroyed very quickly, the
others are more resistant. 9. Copper wire is plastic.

Xl. Find adjectives and adverbs in the comparative and superlative in the text
A and translate them (Appendix 1, § 3 "The degrees of intensification of adjectives
and adverbs'").

Sample A: Steel is stronger than iron. Firmer - TBepxe.

Pattern B: The most commonly used metal alloy is steel. Most - Gobiiie
BCETO.

XIl. Read text A and determine what corrosion is and what procedures are
worked out to eliminate it.

TEXT A
CORROSION AND CORROSION PROTECTION OF METALS

Many chemical compounds, e.g. the metal oxides, are more stable than the
metals under normal conditions. That is why most metals do not occur as pure
metals, but as chemical compounds. The most important iron ores consist of
ironoxide, bauxite contains aluminium, etc. Metallurgical processes free the
metals from the chemical compounds. But the results of human work are largely
undone by corrosion’.

Corrosion is the destruction of metallic materials by the action of the
surrounding environment. Corrosion causes great losses. For example, the
corrosion losses of steel in the world are estimated at €50 million per year.
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Figure 1.3. Cathodic corrosion protection
a) with sacrificial anode made of magnesium
b) with auxiliary anode and external current

The risk of corrosion also forces the use of significant means of preventive
protection.

Corrosion has many faces, but it always starts on the surface of the metals
and gradually penetrates them. Different metals do not corrode in the same way,
some are destroyed very quickly, others are more resistant. However, there is no
metal that is completely resistant to corrosion.

A distinction is made between chemical and electrochemical corrosion. If the
metallic material is only attacked by dry gases, then it is chemical corrosion. In
the case of electrochemical corrosion, the aqueous solutions have a destructive
effect.

With some metals, natural corrosion protection takes place. Aluminium very
quickly forms a thin aluminium oxide layer on its surface when exposed to air. If
it is destroyed, it immediately forms anew at this point. But this rarely happens.
Usually, a lot of force is used for corrosion protection.

The simplest protection is achieved by painting. They protect the surface of
the metal objects from the environment. Apart from paint coats, there are many
other surface treatments. For example, steel parts are given a zinc coating by
dipping them in molten zinc. Other options include plating, metal spraying and
vapour deposition of metals on surfaces, electroplating and other protective
methods.
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Text explanations
1. undo - OTMEHSTH, aHHYJIUPOBATb.
2. estimate on (a number) - o1leHUBaTh B (KaKOE-TUO0 YHCIIO).

X1 Express your agreement or disagreement with the following assertions.
In doing so, begin with yes or no.

Sample A: Six metals were known in Lomonosov's time. - Yes, six metals
were known in Lomonosov's time.

Pattern B: Today, six metals are known. - No, not six but 80 metals are
known today.

1. Metal compounds are more stable than metals. 2. Most metals occur pure
in nature. 3. The most important iron ores contain iron oxides. 4. Bauxite contains
mercury oxide. 5. The Korrosion does not cause metal loss. 6. Significant agents
are used for corrosion protection. 7. The different metals do not corrode in the
same way. 8. All metals are destroyed very quickly. 9. A distinction is made
between chemical and electrochemical corrosion. 10. Natural corrosion protection
usually occurs with all metals.

XIV. Read text A again and find the answer to the following question: What
IS corrosion?

XV. Divide text A into more or less self-contained parts. Say what each part
Is talking about.

XVI. Look at Figure 1.3 and say what processes are shown on it.
XVII. Read text B and find the answer how and for what a metal is sacrificed.

TEXT B
A METAL IS SACRIFICED!

Sir Humphry Davy? was one of the most important chemists of the 19th century
and president of the oldest English Academy of Sciences. He found that copper
can be protected vor corrosion in salt water if there is iron or zinc there. The salt
water destroys iron or zinc, copper is spared®, as long as there is still some of one
or the other metal. Davy asked himself what practical significance this could have.
In 1824 he recommended to the British Admiralty his method of protecting the
copper plating4 of ships which was below the waterline. But something happened
that Davy had not foreseen. If iron was there, so no copper ions formed to protect
the ship from being overgrown with marine organisms. This led to a significant
reduction in the speed of the ships. Davy's method was rejected because of this.
Much later, when man ships began to be built of steel, people returned to Davy's
idea. Admiral ships were given zinc plates as sacrificial anodes to protect the steel
from corrosion. This made the risk of corrosion of the ship's propeller, which was
made of Bronze, much smaller.
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Text explanations
1. sacrifice - >xepTBOBaThH
2. sir humphry davy - cap Xamdpu [letiBu
3. spare - IaJauTh
4. the copper fitting - MeHas oOmrBKa (Kopads).
XVIII. Report in English what discovery is referred to in text B.

XIX. Read text C and state what is the novelty of the method of corrosion
protection of metals described in it.

TEXT C
NEW CORROSION PROTECTION METHOD

A new method for protecting the metal has been developed by scientists at
the Institute of Inorganic Chemistry in Novosibirsk. It consists of microplasma
discharges' occurring between the metal surface covered with a thin anode layer
and the electrolyte under certain conditions. Under theirer influence, a protective
shell is created over the metal. At the same time, this process makes it possible to
combine the protective layer with oxygen compounds and thus change its
physico-chemical properties.

Text explanation
1. Microplasma discharge - Mukpornna3zMeHHbIN pa3psij.

XX. In the dialogue, discuss where the anti-corrosion method described in
Text C was devised and how it works.

XXI. Read text D. To understand the text as fully as possible, look up the
unknown words in the dictionary.

TEXT D
PRODUCTION AND DEVELOPMENT
CORROSION RESISTANT STEELS AND ALLOYS

In black metallurgy, there are various ways to protect metals from corrosion.
Thus, metallic or non-metallic protective coatings can be applied to sheet metal,
pipes and other products. In addition, corrosion-resistant steels can be produced.
The share of corrosion-resistant steels in total production is relatively small,
amounting to about 1%. Nevertheless, the production of corrosion-resistant steels
consumes the large amount of alloying elements, such as chromium, nickel,
molybdenum, niobium, titanium, etc., which are not always readily available.

The constantly increasing demands on corrosion-resistant steels, the
transition to higher temperatures and pressures, accelerated process sequences,
greater mechanical loads and the use of aggressive media required the
improvement of the service properties of the

steels and alloys used.
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Figure 1.4: Schematic representation of galvanic silver plating.

As a rule, the demands for improved properties are met by an additional alloying
effort. The increased consumption of alloying elements and considerable
technological difficulties make one look for new or further developed
technologies. Particular attention is paid to technologies that make it possible to
produce steels with improved corrosion resistance.

The necessary solution of many tasks in this direction is closely connected with
the technologies, which themselves determine the assortment. Obviously, the
technology must be developed in three directions simultaneously:

- Perfection of metallurgy with the character of mass production for the
production of corrosion resistant steels of uncomplicated chemical composition.
For this production, the equipment of secondary metallurgy and modern processes
must be used.

- Improvement of known and development of new metallurgical processes for the
production of complex alloyed corrosion-resistant steels and alloys and those of
significantly higher purity.

- Creation of fundamentally new technologies for the production of highly
corrosion-resistant alloys for use in extreme conditions on the basis of such
processes as powder metallurgy, production of amorphous materials, etc. Such
technology should be directed mainly towards the production of materials with
complicated chemical composition, which cannot be produced by -classical
technologies.

XXII. Read text D again and say which assertions correspond to its content.

1. In black metallurgy there are different corrosion protection processes.
2. Protective coatings are applied to metallic products.
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3. Corrosion-resistant steels are produced.

4. Almost 100% of steels are corrosion resistant.

5. The most commonly used alloying elements are chromium, nickel, niobium and
titanium.

6. The demands for improved properties of the metal cannot be met.

7. The constantly increasing demands on metallic materials make it necessary to
look for new technologies and develop the old ones.

8. The technologies for the production of steels with improved corrosion
resistance cannot be further developed.

9) The technologies for the production of steels with improved corrosion
resistance can be developed at least in three directions.

10. Mass production of corrosion resistant steels of uncomplicated composition
should be improved.

11. Not to pay attention to mass production of corrosion resistant steels of
uncomplicated composition.

12) Use secondary metallurgy equipment and modern processes.

13) One of the directions is to develop only the processes for the production of
steels and alloys of the highest purity.

14) One of the directions is to further improve the processes that can be used for
the production of complex alloyed steels.

15) New technologies for the production of corrosion-resistant steels and alloys
should also be created in principle.

16. New materials with complicated chemical composition can also be produced
by classical technologies.

XXIII Give the content of the text D in English. Use the assertions from task XXI|I
that correspond to its content.

XXIV Look at Figure 1.4 above and describe the process of galvanic silver
plating. Work in pairs.
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7.
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9
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UNIT VI

Topic: IRON AND CARBON

. the requirement
. the ingredient

. the eutectic

. the eutectic

. the progress

. the structure

the content

the grain

the mass percent
the quantity

. the mixture

the pig iron

the distribution
the tool steel
the toughness
the addition
designate
harden

to hit (hit, hit)
assign

low

hard

highly wear-resistant
primary
hypereutectic
direct
wear-resistant
tough
primarily

in honour

ACTIVE VOCABULARY

OTPEOHOCTH

COCTaBHas 4acTh

METaJLUTypTys YEPHBIX METAILIOB
IBTEKTHKA

nporpecc
CTpOCHHE, KpUCTAJTMYECKast
CTPYKTypa

coJiepkaHue, BMECTUMOCTh

3€pHO

BECOBOM (0OBEMHBII) MPOIIEHT
KOJHWYECTBO

CMECh

YyTyH

pacnpenencHue
WHCTpYMEHTAJIbHAS JINTAs CTajlb
BSI3KOCTh

nobaBKa, MpUcaaKa

0003HaYaTh, Ha3bIBATh
3aKaJIMBaTh, OJABEPraTh 3aKajIKe
BCTpeYaTh

J00ABJISATH JIETUPYIOITUI SJIEMEHT
MaJiblii, He3HAUMTCIbHBIN
TBEPBIN, KPETIKUU, KECTKUI

B BBICOKOM CTEIICHU M3HOCOCTOMKUIA
IIEPBUYHBIN

3a3BTCHTUUYCCKUI
HENOCPEACTBEHHBIN
W3HOCOCTOMKHI

BSI3KHUI

B MIEPBYIO OUEPEIb

B 4ECTh

TASKS

I. Name the basic forms of the following verbs.
to meet, to grow, to be, to arise, to alloy, to increase, to rise, to harden, to
become, to reach, to contain, to denote, to connect, to be called, to ascertain, to

name

I1. Write the initial forms of the following verbs.
a) s, grows, rises, occurs, becomes, meets, exists, is called, melts, happens;



b) alloyed, hardened, reached, designated, connected, bound, called, formed,
hit, attacked, forced;

¢) determining, alloying, increasing, significant, preventing, liberating,
penetrating, proceeding.

[11*. Determine the syntactic function of the verb forms in bold.

1. Carbon occurs in cast iron in the form of graphite. 2. [ron becomes steel
when carbon is added. 3. As the carbon content increases, the strength of the iron
increases. 4. The amount of alloying additions determines the properties of the
steel. 5. Iron carbide, formed from molten iron and therefore called primary
cementite, is contained in pig iron. 6. Pure iron is a silver-grey, shiny metal. 7.
Cast iron contains more carbon than steel. 8. Significant agents are used for the
preventive protection of metals. 9. Metallurgical processes release the metal from
chemical compounds. 10. In electrochemical corrosion, the aqueous solutions
have a destructive effect.

IV. Read the following internationalisms and name their Russian equivalents.

the steel (pl the steels), line, mass percent, limit, element, form, carbide,
ferrite, perlite, cementite, ledeburite, eutectic, professor (pl the professors),
metallographer; produce , corrode, alloy; chemical, eutectic, hypereutectic,
special, metallic, elemental.

V. Translate the following words related to word formation (Appendix 1, 8 1
"Word Formation").

a) denote - the designation, distribute - the distribution, mix - the mixture,
alloy - the alloying, change - the change, treat - the treatment;

b) durable - the resistance, solid - the strength, tough - the toughness,
dependent - the dependence, mutable - the mutability, cast - the castability, wear-
resistant - the wear-resistance;

¢) hard - the hardness - hardening;

d) alloyed - unalloyed, indirect - direct, stable - unstable, definite - indefinite,
dependent - independent, bound - unbound,;

¢) add - the addition, require - the need.

VI Read the compound nouns. Derive their meanings from the meanings of
their components (Appendix 1, 8§ 1 "Word Formation*).

(a) the non-metal, carbon content, tool steel, percentage by mass, alloying
addition, carbon steel, iron carbide, carbon atom, iron carbide grain, pig iron,
structural component, primary cementite, alloy content, treatment condition,
material, iron alloy, transformability, cast iron;

(b) alloying and treatment techniques, wear and corrosion resistance.

VII*. Find an adjective or adverb in the comparative in each series.
a) immediate, b) slight, c) harder, d) soft;
a) dependent, b) firmer, c) primary, d) hard;
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a) less, b) resistant, ¢) thin, d) thick;
a) silver-grey, b) inverted, c) elementary, d) more

VIII*. In each row, find the word whose meaning is given at the beginning of
the row.

noTpebHoCTh: a) the ingredient, b) the addition, c) the treatment, d) the need.

cTpykTypa: a) the mixture, b) the mixture, c¢) the structure, d) the distribution.

comepkanue: a) the agent, b) the environment, c¢) the toughness, d) the
content.

KoJamdecTBo: a) the quantity, b) the grain, c) the mass percentage, d) the
progress

3aKanuBaTh: a) meet, b) harden, c) grow, d) alloy.

ob6o3HavaTh: a) to form, b) to heifen, ¢) to denote, d) to hold on to

M3HOCOCTOMKHUM: a) wear-resistant, b) corrosion-resistant, ¢) hypereutectic, d)
immediate.

nepBuYHbIiA: a) hard, b) low, ¢) tough, d) primary.

IX*. Choose the correct translation of the words in bold.

1. It is only when iron is alloyed that es becomes harder and stronger.

a) MepBbIi, 0) BHavalie, B) TOJIBKO, T') OJHAMKIBI.

2. The stronger the steel becomes, the less tough it is.

a) KakK..., TaK H..., 0) He TOJIBKO..., HO H..., B) YE€M..., TEM..., ') WJIH... WIH....

3. Carbon in highly wear-resistant steels increases by up to 2% by mass.

a) K, 0) ipu, B) ¢, T') 10

4. Therefore, the structure of a carbon steel consists of iron and iron carbide.

a) MO3TOMY, 0) TaK Kak, B) STUM CaMbIM, T') TOT/IA.

5. The reference here is to a eutectic.

a) B 3TOM, 0) TOT/1a, B) y 3TOTO, T) IPU STOM.

6. Iron alloys are mainly allem steels used in engineering nennen.

a) 10 BCcero, 0) Mpu BCeM, B) IPEXKJIE BCEro, I') Y BCETO.

7. Iron melts at 1541°C and thus belongs to the high-melting me-tals.

a) BMECTE C 3TUM, 0) C 3TUM, B) TEM CaMbIM, T') C TEM.

8. 2 to 4 masses of carbon are contained in the iron.

a) 0K0J10, 0) YTO-TO, B) YEM-TO, T') OOJIBIIIE.

X. Say what the predicate is expressed by in the following sentences.
Translate the sentences in writing (Appendix 1, 8 6 "Infinitive™).

1. Carbon is to be alloyed with pure iron. 2. To increase the strength of the
steels, it is to be hardened. 3. In addition to the perlite and cementite, another
structural constituent, the ledeburite, can be found in the pig iron. 4. Primary
cementite can be observed in hypereutectic pig iron in addition to ledeburite. 5.
Various space lattices are observed during heating and cooling in iron, titanium
and some other metals. 6. Different iron products can be distinguished, depending
on the type and amount of alloying addition. 7. Some properties of iron important
for engineering should be mentioned. 8. Corrosion is to be considered as the
destruction of the metal by the action of the surrounding environment. 9. A
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distinction should be made between chemical and electrochemical corrosion. 10.
Die protective layer is to be combined with oxygen compounds and thereby the
physical properties of the materials are to be changed.

Xl. In the text, find 4 sentence structures (Appendix 1, 8 9 "The sentence
structure™), determine the type of subordinate clauses. Translate the sentences.

XI1l. Read text 4 and determine the importance of carbon in black metallurgy.

TEXT A
IRON + CARBON

Scientific and technological progress would be impossible without iron and
steel. We encounter this metal everywhere. Mankind's need for iron and steel is
growing ever faster.

Pure iron is soft, its strength is low. Only when iron is alloyed does it become
harder and stronger. Iron becomes steel when carbon is added. This non-metal
works wonders. As the carbon content increases, the strength increases and the
steel can be hardened, but the stronger it becomes, the less tough it is. Tool steels,
where hardness is primarily important, contain 0.4 to 1.5 mass percent carbon and
more. The carbon in highly wear-resistant steels increases up to 2 mass percent.
However, this is the upper limit for the carbon content of steels.

If the steel does not contain any elements other than carbon as alloying
additions, then it es an unalloyed steel. Sometimes it is also called carbon steel.

The carbon forms a chemical compound with the iron. It is the iron carbide
Fe3C, in which three iron atoms and one carbon atom are bonded. Therefore, the
structure of an unalloyed steel consists aus of a mixture of iron and iron carbide
grains. The amount and form of the iron carbide and its distribution in the
structure determine the strength, hardness and toughness of the steel. The
metallographer calls the iron grains ferrite and iron carbide cementite. A special
order of ferrite and cementite is called perlite. In addition to perlite and cementite,
another structural component, ledeburite, can be found in pig iron. Es is a eutectic,
which is named in honour of the Freiberg professor of iron metallurgy Alfred
Ledebur. In the hypereutectic pig iron, besides ledeburite, iron carbide formed
directly from the melt and therefore called primary cementite can be observed.
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XVI. Report in English about the interaction of iron and carbon. Use the
word combinations given below.

To be soft, to alloy iron with carbon, to become harder, to be less tough, to
form mild steel, to consist of iron and iron carbide grains, to be determinant of
strength, hardness and toughness, to be called ferrite and cimentite.

XVII. Using the diagram (Figure 1.5) describe the processes of heating and
cooling of iron shown.

XVIII. Read text B and determine what the mutability of iron consists of-

TEXT B
IRON AND ITS SPECIAL PROPERTIES

No metal is more transformable! by alloying and by special treatments than
iron. Depending von the type and amount of alloy content and the state of
treatment, metallic materials with completely different properties are produced.
There are mehr than 1200 iron alloys. These are mainly steels used in
engineering.

The mutability* of iron is explained by its special properties. Pure iron is
silver-grey, shiny metal with a density of 7.87g/cm3. It melts at 1541°C and thus
belongs to the high-melting metals. When we heat iron, something strange
happens®. At a temperature of 911°C, the space lattice changes. The second
change in the space lattice occurs at 1401°C. This twofold transformation
proceeds in reverse when cooling from the melting temperature. The different
forms of iron are called a-, y- and 6-iron.

Apart from iron, there are other metals, e.g. titanium, in which different
space lattices can be observed depending on the temperature, but in no metal are
they as important for alloying and treatment techniques as in iron.

Text explanations
1. mutability - noaBep>KeHHbBIN TPEBPALLEHUSIM.
2. mutability - ctocOOHOCTB K MPEBPAIICHUSIM.
3. something strange - HEYTO yIUBUTEIBHOE, TOPA3ZUTEIHHOE.

XIX. Report in Russian about the special properties of iron.

XX. Read text C and say what is the main difference between cast iron and steel.

TEXT C
WHAT IS THE DIFFERENCE BETWEEN CAST IRON AND STEEL?

Cast iron is auch a product of iron treatment. But it is very different from
steel. Cast iron contains more carbon, between 2 and 4% by mass. It is ten times
more than in mild steel. Whereas in steel the carbon is chemically bonded to the
iron as iron carbide or, as the metallurgist calls it, cementite, in cast iron it occurs
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in its elemental form as graphite. The structure of cast iron therefore consists of
iron grains (ferrite) and graphite lamellae'. The presence of graphite lamellae
means that cast iron has a lower tensile strength than steel. However, its
compressive strength is correspondingly higher.

The advantages of cast iron include its relatively low melting temperature,
which is several hundred degrees lower than that of steel, its excellent castability,
and its better resistance to wear and corrosion than unalloyed steel.

Text explanations

1. graphite lamella - mnactunka rpadura

2. accordingly - COOTBETCTBEHHO

3. the advantage - npeumy1ecTBO.

XXI. Discuss the structure of cast iron in dialogue.

XXII. Read text D. To understand the text as fully as possible, look up the
unknown words in the dictionary.

TEXT D
STEEL

The most commonly used ferrous material is steel. Its production from pig
iron and scrap requires more metallurgical effort than the other ferrous materials.
It 1s difficult to establish a precise distinction between steel and other ferrous
materials. Very often the carbon content als the distinguishing feature, according
to which all iron alloys below 2.0% carbon als steel and cast steel and those with
2.0 to 4.55% are called cast iron. But using the example of ledeburitic chromium
steel with 2.1% carbon, it can be seen that this distinction is insufficient. It 1s also
not possible to distinguish steels from other ferrous materials by means of their
properties. Meltability or hardenability are often mentioned as characteristic
properties of steels. But grey cast iron, a variety of cast iron, is also formable. It is
probably most appropriate to include under the term steel all ferrous materials that
are not pig iron, cast iron or pure iron. Cast iron includes grey cast iron, chilled
cast iron, chilled cast iron and malleable cast iron. Cast steel, which is similar in
its properties to forged or rolled steel, does not fall into this group.

There are various classification principles for the immense variety of steels.
In the literature, a distinction is often made between flux-cast steel and welded
steel, depending on whether the iron alloy was produced above or below its
melting point. Since processes for the production of flux-cored steel are currently
no longer technically used, this distinction has only historical significance.

However, the differentiation of steels according to their production process is
significant. The most important raw materials for steel production, pig iron and
scrap, are available in different proportions, in different compositions, in different
forms, e.g. liquid or solid in the case of pig iron, depending on local conditions.
For these reasons, various metallurgical processes have proven to be economically
expedient. There are two basic types of production equipment: hearth furnaces
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heated by flames or electric current, which are mainly used when the metallic
charge is predominantly solid, and converters without aufen heating, which are
used when the charge is liquid. Accordingly, a distinction is made between SM
steel and electrical steel on the one hand and Thomas, Bessemer and oxygen steel
on the other. The differences between the mentioned types of steels are of great
importance for a material expert. For example, Thomas steels are characterised by
an increased nitrogen and phosphorus content. In general, converter steels have
very low hydrogen contents.

Further designations or distinctions of the individual steels refer to their
intended use (structural steels and tool steels), their further processing (heat-
treatable steels, nitriding steels, case-hardening steels), their design form (wide
flat steel, bar steel, tube steel) and to characteristic alloying elements (carbon
steel, nickel steel, chrome-nickel steel). A distinction is made between unalloyed,
alloyed and low-alloyed steels according to the alloying element content. There is
also a division into bulk steels, quality steels and stainless steels. Stainless steels
are steels with consistent suitability for heat treatment and/or physico-chemical
properties. If alloy steels are not heat treated, they belong to Massen and quality
steels. This applies, for example, to silicon alloy transformer steel.

It is customary not to include technically pure iron among the steels.
However, it is becoming increasingly important as a material and is produced both
by melting processes and by electrolysis or powder metallurgy processes.

XXIII. Read text D again and say which assertions correspond to its content.

1. Cranp - 3T0 4ale BCEro MPUMEHSEMBIH, JKEJIE3HbIA NPOU3BOICTBEHHBIN
MaTepuall.

2. Tpyano ycTaHOBUTh TpaHHUIy MEXKAY CTalbl0 MW  JAPYTUMHU
MIPOU3BOJACTBEHHBIMHU MaTepHUAIAMHU U3 JKEJIEe3a.

3. Bce cmuaBel kene3a ¢ coiepkaHueM yriepona 10 2% Ha3bIBaIOTCS
CTaJIbIO WJIM CTAJIbHBIM JINTHEM.

4. Bce criaBbl Jkelie3a ¢ COJIepKaHUeM yriepoja cBbiiie 2% He OTHOCATCS K
CTaJu.

5. B kauecTBe OTIMYMTENBHBIX IMPU3HAKOB CTald HA3bIBAIOT KOBKOCTh U
3aKaJIMBAEMOCTb.

6. Cepblil UyT'yH HE MOJIAE€TCS KOBKE.

7. K auTOoMy 4yryHy OTHOCSITCSI CEpbIil YyryH, OTO€JICHHBIN YyTyH, YyTyH C
OTOEJICHHOI MOBEPXHOCTHIO 1 KOBKUH YyTYH.

8. CTanbHOE JINThE HE OTHOCUTCS K CTAJIH.

9. B nuTepaType rocroCTBYET pa3eieHUe CTAIA Ha JIUTYIO U CBAPOYHYIO.

10. Paznuuue JIUTON ¥ CBAPOYHOU CTAJIM UMEET TENEPH TOJIBKO JJII HCTOPHH.

11. Paznuume Mexay JUTOW W CBapOYHOM CTallblo Oasupyercs Ha
TEMIIEPATYPHBIX YCIOBUIX UX MTPOU3BOJICTBA.

12. Od4eHb BaXHBIM SBJISETCS pa3duyue CTaled 1o Crmocody ux
ITPOU3BO/ICTBA.

13. Cranbs npou3BOAUTCA TOJIBKO U3 UYT'yHA.

14. BasxHeluM ChIpbeM JIJIs1 IPOM3BOJICTBA CTAIMU SIBJISIIOTCS YyT'YH U CKpall.

52



15. Ilpexne Bcero cienyer Ha3BaThb JBa IPHUHIMIMAIBHO Pa3IMYHBIX
METaTypTrUYeCKUX Mpoliecca: MApTEHOBCKUM U KOHBEPTOPHBIH.

16. B MapTeHOBCKOM MPOU3BOACTBE CTaJlb BBHIILIABISAETCSA B IMOJOBBIX Mevax
0e3 mojorpena.

17. B. KOHBepTOpax CTaJlb JOMOJHUTEILHO HATPEBAETCS B MPOLIECCE TIIABKHU.

18. Paznuune Mexay MAapTEHOBCKOW CTallblo, C OJHOW CTOpPOHBI, H
TOMACOBCKOM, OECCEMEPOBCKOM M KUCTOPOAHO-KOHBEPTOPHON — C APYTOM, UMEIOT
00JIbIII0E 3HAUYCHUE JJIS CIIEIMAIMCTa-METaIOBEIa.

19. Haubonee BaxkHOW sBsieTcs Kiaccuukanus craied mo cdepe ux
NPUMEHEHUS.

20. Haubonee BaxHOW sBIsiETCS KiaccuuKalus crajeil mo crnocoly ux
JadbHEUIIeH mepepadoTKH.

21.CymiecTByIOT  pa3iuyHble KJIacCHUKAIMK  CTajlei: 10  CHocoOy
MPOU3BOJICTBA, MO c(epe NPUMEHEHHs, MO0 MeToay o00paboTku, 1o Qopme
BBITIOJTHEHMSI, TI0 COCTaBY JIETUPYIOMIUX 3JIEMEHTOB U T.1I.

22. Yucroe xene30, KOTOPOE, KaK MPaBWIIO, HE OTHOCUTCS K CTaJSM,
HaxOJUT Bce 00JIbIIIEE MPUMEHEHUE.
XXIV Reproduce Text D in Russian. Use the statements from Task XXIII that
correspond to its content.
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UNIT VII

Topic: NON-IRON METALS

. the area

. the sheet

. the non-ferrous metal
. the earth crust

. vehicle construction

. aircraft construction

. the commonality

. the raw material

. the jewellery

. the representative
. the advantage

. the value

. discover

. enable

. use

. win (won, won)
. produce

. process

. displace

. represent

. tin

. excellent

. workable

noble
frequent
excellent
essential
against
first
opposite to

ACTIVE VOCABULARY

obnactb, cdepa

JUCTOBOM METAJLI, JKECTh
LBETHOW METaJI

3eMHas Kopa
aBTOMOOMJIECTPOEHUE
CaMOJIETOCTPOEHHUE
OOIIHOCTH, 00I11ast yepTa
CBIpbE

yKpaIlieHue

MIPEICTABUTEINb
MIPEUMYIIECTBO

IIEHHOCTb, IICHa, CTOUMOCTh
OTKPBHIBATH

JIemaTh BO3MOYKHBIM
yIOTPEOJISATh, IPUMEHSATH
100BIBATh, TIOJIYYaTh
U3TOTOBJISITh

oOpabaTbiBaTh, epepadaTbiBaTh
BBITECHSITh

MIPEACTABIISITh

JTyJIATh

OTJIMYHBIN
00pabaTbIBaeMbIil, MOAAAIOUIUKACS
00paboTke

0JIarOpoIHBIN, JParoleHHbIN
YaCThIN

BBIJIAOIIIHANCS
CYIIECTBEHHBIN

HAIMpPOTHUB, 3aTO

BHayaje

B ITPOTHBOTIOJIOKHOCTh YEMY-JI.

I. Name the basic forms of the following verbs.
gain, process, use, become, use, make, find, get, represent, displace, employ,

enable, count, occur, achieve, discover.

[1*. Write the initial form of the verbs in bold.
1. Gold was the first metal to be extracted and processed. 2. Aluminium



represents the group of light metals. 3. Titanium was discovered three times. 4.
Copper is displacing silver in electronics and electrical engineering. 5. Tin is
used for the production of tinplate. 6. Aluminium is the most common metal. 7.
Pure metals are produced by metallurgical processes. 8. The properties obtained
by alloying enable the use of this metal in aircraft construction. 9. Aluminium
melts at the temperature of 660°c. 10. Titanium behaves as a metallic chameleon.

I11. Read the following internationalisms and name their Russian equivalents.

career, photography, electronics, electrical engineering, production, canning,
competition, chocolate, staniol, foil, container, stage; analyse; practical, electrical,
interesting, reactive.

IV. Translate the following words related to word formation (Appendix 1, 8 1
"Word Formation").

a) dense - the density, common - the commonality, liquid - the liquid,
represent - the representative, weigh - the weight, discover - the discovery;

b) cover - discover, put - make, work - process, urge - displace, find - invent,
put - use, step - represent;

c) excel - excellent, signify - significant, distinguish - excellent, work -
workable, forge - forgeable, cast - castable, use - useable.

V. Read the compound words. Derive their meanings from the meanings of
their components (Appendix 1, 8§ 1 "Word formation™).

a) non-ferrous metal, earth bark, means of payment, basis, semiconductor
technology, precious metal, jewellery, heavy metal, elecrtotechnology, tin plate,
light metal, scope, tin foil, usable metal, metal extraction, metal application;

b) for days, for months, for years, for centuries, for millennia, silver-white,
silver-shiny.

VI Form the comparative and superlative of the following adjectives.
Translate them (Appendix 1, § 3 "The gradations of adjectives and adverbs").
Pattern: pure - purer - the purest, purest

late, important, significant, frequent, great, good, easy, low, young, different,
high, small.

VII*. Find the word in each row that is related in meaning to the first word
in the row.

the earth's crust: a) the earth's crust, b) the earth, c) the earth's ball, d) the
earth's satellite

use: a) process, b) belong to, ¢) represent, d) employ

produce: a) originate, b) establish, ¢) determine, d) produce

process: a) harden, b) treat, c) achieve, d) use

denote: a) get, b) name, c) meet, d) increase

frequent: a) slight, b) excellent, ¢) often, d) dependent

essential: a) significant, b) excellent, c¢) distinct, d) additional
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minor: a) primary, b) tough, c) noble, d) small

VIII*. In each row, find the word whose meaning is given at the beginning of
the row.

npeumytecTBo: a) the sheet, b) the advantage, c) the density, d) the colour.

IIEHHOCTh: a) the range, b) the commonality, ¢) the advantage, d) the value

ceiphe: a) the non-ferrous metal, b) the application, ¢) the raw material, d) the
need

OoTKphIBaTh: (a) discover, (b) develop, (c) use, (d) denote.

noObIBaTh: a) contain, b) gain, c) belong, d) consider

aynuth: a) displace, b) process, ¢) transform, d) tin

obpabatsiBaemblii: a) workable, b) noble, c) total, d) refractory.

BHauajse: a) immediately, b) against, c¢) first, d) almost.

IX*. Put the nouns given below the line in the correct sense and
grammatically. Translate the sentences orally.

1. Metals are used in all ... Of human life. 2. ... Is rich in non-ferrous metals.
3. 3. As ... For the production of aluminium is bauxite. 4. Gold was first used only
as .... 5. Light metals are displacing ferrous materials from the ... 6. Non-ferrous
metals have many ... Compared to ferrous materials. 7. Non-ferrous metals have
many ... 8. Copper is to be mentioned as the most important ... Of the heavy
metals. 9. Silver is the best electrical ... 10. Tin is used to make ...

the range, the earth's crust, the conductor, the canning sheet, the
representative, the aircraft construction, the raw material, the advantage, the
jewellery, the totality

X. Put together as many sentences as possible.

the light metals

the heavy metals

the precious
metals

in electronics

Aluminium in aircraft
construction

Silver belongs to the chemical symbol  as an electrical
conductor

Copper is used by man as jewellery

Tin belongs to the group in rocket
construction

Titan Au

Gold Cu

Sn

Ti

Ag
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XI. Say what the attributes in the following sentences are expressed by.
Translate the sentences.

1. Gold 1is the first metal to be extracted and processed. 2. The excellent
properties of titanium were discovered recently. 3. Aluminium is one of the metals
with the lowest density. 4. The durable metals form an excellent basis for aircraft
and rocket construction. 5. Non-ferrous metals have significant advantages over
ferrous materials. 6. The constantly increasing production of the non-ferrous
metals is characteristic for the whole world. 7. Aluminium is the most common
metal. 8. Copper is a metal that conducts electricity well. 9. Aluminium, which is
easy to machine, can be formed into very thin sheets. 10. Titanium is the ninth
most abundant element in the earth's crust.

XII. Find sentence structures in text A (Appendix 1, § 9 "The sentence
structure™), note their translation.

XIII. Read text A and name the main representatives in different groups of
non-ferrous metals.

TEXT A
NON-FERROUS METALS

In the earth's crust of our planet, many non-ferrous metals can be found,
which were discovered by humans at different times. The non-ferrous metals are
still called non-ferrous metals. They have many advantages over the ferrous
materials.

The noble metals. Gold, the first metal to be extracted and processed by
humans, made its career several times. Easily worked, it was used as jewellery.
Later it became a means of payment and the basis of currencies. Today, gold has
become an important material whose outstanding properties are needed above all
in modern semiconductor technology.

Of the other precious metals, silver is practically the most important. For
thousands of years, only jewellery was made of silver, until photography began to
use it. Today, electrical engineering also uses large quantities of this metal more
and more often.

The heavy metals. Among the heavy metals, copper is the most important
today. It owes its role to electrical engineering and electronics, because after silver
it is the best electrical conductor.

The heavy metals tin, zinc, nickel and lead also have special applications.
Their extraction is constantly increasing all over the world. Tin is particularly
interesting, as it is used in the production of tin-plated tinplate and in electronics.

The light metals. The light metals - the metals with the lowest density - are
among the youngest metals. They gained their importance in the 20th century.
Their most important representative, aluminium, is already competing with many
other non-ferrous metals, even steel, in some areas of technology thanks to its
excellent properties. Aluminium has replaced copper in some areas of application
and when chocolate is wrapped in "tin foil" today?, it is not tin foil but aluminium.
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In vehicle and container construction, the lower weight of aluminium alloys is
particularly advantageous.

The resistant metals. The reactive metals titanium, tungsten, niobium and
tantalum have also not been used in technology for very long. In the meantime,
they have become the basis for modern aircraft and rocket construction.

The pure metals. Semiconductor elements and the purest metals, such as
silicon, selenium, galium and iodium, are known to enable the most significant
progress in electronics and electrical engineering. Although they do not all
chemically belong to the metals, they are counted among the raw material base of
non-ferrous metallurgy.

Despite this diversity of non-ferrous metals, there are also commonalities.
The non-ferrous metals - in contrast to the ferrous materials - are produced and
used in smaller quantities. The value of non-ferrous metals, on the other hand, is
much higher than that of ferrous materials.

Text explanations
1. owe (to someone) - ObITh 00sI3aHHBIM (KOMY-TTH00 YeM-JIH0O0)
2. wrap up - 3aBOpauuBaTh (B 00EPTKY).

XIV Express your agreement or disagreement with the following assertions.
Start with in my opinion ... (no MoeMy MHEHUIO ...).

1. Gold is only made into jewellery.

2. Gold has become an important material.

3. A distinction is made between non-ferrous metals and non-ferrous metals.

4. Non-ferrous metals are still called non-ferrous metals.

5. Copper is a better conductor of electricity than silver.

6. Copper is the best electrical conductor after silver.

7. The most important representative of the light metals is aluminium.

8. The silver-white sheen of aluminium is particularly advantageous in
vehicle and container construction.

9) In vehicle and container construction, the lowest weight of aluminium is
particularly important.

10. Resistant metals are not yet used in technology.

11. The resistant metals have become the basis for aircraft and rocket
construction.

XV. Characterise each group of non-ferrous metals according to the
following schedule:

1. Which metals belong to the group?

2. How long have these metals been known?

3. Where are they used?

4. What are the special features of the metals in each group?

XVI. Read text B, make an effort to understand its content as fully as
possible.
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TEXT B
ALUMINIUM AND ITS ALLOYS

Aluminium is one of the most important non-ferrous metals. Represented in the
earth's crust at 7.5 per cent by mass, it is the most abundant metal. It 1s extracted
from bauxite, half of which consists of aluminium oxide.
Aluminium is a shiny silver metal that conducts heat and electricity well, with a
density of 2.7 gr/cm3 and a melting point of 660°C.
The special properties of aluminium are achieved by alloying it with various
alloying elements. The most important alloying additions are silicon, copper,
magnesium, zinc and manganese.
Seven properties are important for the technical application of aluminium and its
alloys.
1. Aluminium is light; its mass is one third of that of steel.
2. Aluminium is resistant to the atmosphere and to many gases and liquids.
3. Aluminium has a high reflectivity' and its shine makes it look like jewellery.
4. Aluminium alloys reach and exceed? the strength of normal structural steels.
5. Aluminium has high elasticity and is not brittle even at low temperatures.
6. Aluminium and its alloys are easy to work, they can be shaped. Aluminium can
be formed into foils of 1/100 millimetre thickness and less.
7. Aluminium is the best conductor of electric current and heat of the metals in
use after copper.
The fields of application of aluminium are construction and architecture.
Aluminium is also used in aircraft and vehicle construction. The production and
use of aluminium is increasing.

Text explanations
1. reflectivity - cmocoOHOCTB OTpaxaThCs
2. excel - mpeBOCXOIUTE.

XVII. Ask your interlocutor what aluminium items people use in their family
household and what for.

XVIII. Look at the diagram given below and describe the way of bauxite to
aluminium. You can use the following words and phrases.

On the diagram we see ... ; one obtains ...; the bauxite first succeeds ...; then
comes the ore ...; there the mixture is ..., one gets ..., mix; dilute; refine;
dehydrate; melt; submit to electrolysis
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XIX Read text C and find the answers to the following questions in it.
1. Why is titanium called crystal chemical chameleon?

2. How was titanium discovered?

3. What are the properties of titanium?

4. Where is titanium used?

TEXT C
TITANIUM - A TITAN AMONG METALS

Titanium 1s the ninth most abundant element in the earth's crust, after
oxygen, silicon, aluminium, iron, magnesium, calcium, sodium and potassium. Its
total amount 1s about 1/20 that of aluminium and 1/10 that of iron. However, there
are only some titanium ores with high titanium content. So it behaves as a crystal
chemical chameleon.

Only 40 years ago, titanium was a rarity'. Today it is already produced in the
amount of 100000 tons per year. It combines a relatively low density with
excellent properties and corrosion resistance.

The discovery of titanium took place in three stages. As early as 1791, an
English chemist, W. Greger, had found a blackish mineral containing the oxide of
an unknown element. He called it "manaccanite". In 1875, Martin Heinrich
Klaproth analysed several minerals, including ilmenite and titanite, and found that
they contained an unknown metal identical to manaccanite. He named it
"titanium". In 1910, M. A. Hunter obtained the free metal by reducing the oxide
with sodium:

TiO,+ Na =Ti + 2Na,O

Titanium is a silver-white malleable metal that melts at 1670°C. Most of the
titanium ores - rutile and ilmenite - are processed into titanium oxide, which is
used as a white pigment in the paper, paint and plastics industries®. The small part
is used as metal in aircraft construction and in the construction of machines and
apparatus.

For both purposes, different properties are required: in aircraft construction -
high strength with high temperature resistance, in machine and apparatus
construction - high corrosion resistance with good strength. Such different
properties can be achieved by alloying.

Text explanations
1. rarity - penKocTh
2. the plastic industry - mPOMBIIIIEHHOCTh UCKYCCTBEHHBIX MaTEPUAJIOB.

XX. Discuss the content of the text in dialogue.

XXI. Read text D. To understand the text as fully as possible, look up the
unknown words in the dictionary.
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TEXT D
SPECIAL METALS

Zirconium, hafnium, tantalum, niobium, tungsten and molybdenum form a special
group in the periodic table of the elements. As different as their properties and their
technical applications are, they have in common that they only came into the focus of
technical interest a few decades ago.

The lightest of them is zirconium. Although it was discovered as early as 1789 by M.
Klaproth, it was not until the 20th century that it was possible to produce pure
zirconium. Like titanium, zirconium is also produced via chloride. Very pure metal is
obtained when zirconium iodide is decomposed on a highly heated zirconium wire.
Zirconium is resistant to hydrochloric, nitric, sulphuric and phosphoric acids. In this
respect, it surpasses titanium as well as the high-alloy steels and looks similar to steel. Its
density is 6.49 g/cm’, and its melting temperature is 1852°C. Its strength corresponds to
that of higher-strength steels. With these properties already, zirconium can find a wide
range of applications. But there is something more special. Zirconium is well suited as a
material for nuclear reactors. It is used to make the shells of the fuel elements in reactors.
The cladding material usually encloses the fuel as a thin tube and separates it from the
coolant. In pressurised water reactors, the tube is surrounded by water at 200 to 300°C at
high pressure. At these temperatures, the cladding material must be resistant to corrosion
by pressurised water. It must also satisfy nuclear-physical conditions and must not
disturb the neutron balance; it must not contain any atoms that strongly absorb neutrons.
Zirconium and some zirconium alloys best fulfil these complex requirements for a
design material for nuclear reactors. Very important is a high purity of the zirconium and
its alloys. Above all, it must not contain any hafnium. This metal always occurs together
with zirconium in nature and must be removed in complex purification processes.
Zirconium is also a very effective alloying element for steels and light metals. In steel, it
improves brittleness at low temperatures, zirconium-alloyed steels are tough. In
aluminium and magnesium alloys, zirconium increases strength and, to some extent,
corrosion resistance.

Hafnium, the constant companion of zirconium, is chemically very similar to it and
therefore also difficult to separate. Its existence was predicted by D. 1. Mendeleev, and
the Danish physicist Niels Bohr determined some of the properties of the as yet
undiscovered element. Two of his colleagues, the Hungarian physicist G. von Hevesy
and the Dutch physicist D. Goster, succeeded in discovering hafnium in 1923 with the
help of X-ray spectral analysis. The element is named in honour of the Danish capital
Copenhagen, whose Latin name is Hafniae.

Hafnium is a high-melting metal, its melting temperature is 1975°C. The technical use
of hafnium is still in its infancy. It is strange that the metals zirconium and hafnium,
which are similar in so many properties, are used in nuclear reactors for completely
different purposes. But they differ in one important disposition. While zirconium is
permeable to neutrons, hafnium forms an insurmountable obstacle for them. Therefore,
hafnium serves as a brake substance for fast neutrons and as a neutron absorber.

The two metals tantalum and niobium are mainly used as alloying additions for special
steels. They also have a high melting point, the melting temperature of tantalum is about
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3000°C and of niobium - about 2415°C. Both metals are very strong and exceptionally
resistant to chemical attack. Although tantalum and niobium are unknown to most of us,
they have been used as special materials for many decades.

Two other refractory metals, tungsten and molybdenum, are mainly used as alloying
elements for steels and nickel and copper alloys (80-90%), but they are also used as pure
metals for some technical purposes because of their special properties.

At 3410°C, tungsten has the highest melting point of all metals. Its strength reaches and
exceeds that of super strong steels. Tungsten is mainly used as filament wire in
incandescent lamps and electron tubes, for heating elements and non-melting electrodes
for inert gas welding.

Molybdenum has more modest properties than tungsten. Its melting temperature is
significantly lower, at 2620°C. Its strength values are also lower. Its strength values are
also lower. Molybdenum is used for some special purposes, e.g. for the accumulation of
anodes and cathodes in electron tubes and for heating coils.

XXII Read text D again and say which assertions given below correspond to its content.
1. Zirconium, hafnium, tantalum, niobium, tungsten and molybdenum form a special
group of the periodic table of elements.

Zirconium was discovered by m. Klaproth in 1789.

3. Pure zirconium is obtained by decomposing zirconium iodide on a highly heated
zirconium wire.

4. No metal other than zirconium is obtained from chloride.

5. Zirconium and its alloys surpass titanium and high alloy steels in properties.

6. Zirconium is not used in the manufacture of nuclear reactors.

7. Zirconium as a nuclear reactor cladding material is corrosion resistant to pressurised
water at high temperatures.

8. Zirconium as a nuclear reactor cladding material may contain another metal -
hafnium.

9. Hafnium always occurs with zirconium in nature.

10. Zirconium is also an alloying element for steels and light metals.

11. Zirconium lowers the strength and corrosion resistance of alumi-nium and
magnesium alloys.

12. Hafhium was predicted by d. I. Mendeleev.

13. Hafnium is a low-melting metal.

14. Hafnium is also used in nuclear reactors like zirconium.

15. Hafnium serves as a brake substance for fast neutrons and zirconium - as a neutron
absorber.

16. Tantalum and niobium are alloying additions for special steels.

17. These metals (tantalum and niobium) are very well known to all.

18. Tungsten has the highest melting point of all metals.

19. Molybdenum is even stronger than tungsten.

20. Tungsten and molybdenum are mainly used as alloying elements and give excellent
materials.

XXI11I Give the content of the text in English (12-16 sentences). Use the assertions from
task XXII that correspond to its content.
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. the tap hole
. the feed

. the fuel ash

. the cowper

. the nozzle

. the ore

. the conveyor belt
. the blast

the framework
. the rack

the gout

the gout stage
the gout hall

the heat

the Hochofen
the limestone
the coal sack
the masonry

the rest

the shaft furnace
the inclined lift

the closing

the utilisation
the weight

the wind heater
the surcharges
escape

heat

alternate part
refractory
chalky
siliceous
layered
subsequently

the combustion air

UNIT VIII
Topic: PRODUCTION OF RAW AND CAST IRON

ACTIVE VOCABULARY
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TASKS

I. Explain the meaning of the following compound words. Use the dictionary if
necessary.

pig iron, blast furnace, shaft furnace, blast furnace gas, charge, taphole, auxiliary
plant, casting hall, slag utilisation, blast furnace gas purification, coal, hot blast
stove, blast furnace plant, combustion air, blast wind, brickwork, inclined lift,
conveyor belt, blast furnace platform, component, fuel ash, limestone; hold
together; refractory, conical, lattice, water-cooled, layered

I. Translate the following derivatives, relying on words from which they are
derived (Appendix 1, 8§ 1 "Word Formation").

the production, the filling, the switching, the opening, the measurement, the
mixture, the meaning, the connection, the desulphurisation, the diameter, the
height, the heat, the transition, the addition, the coking; to cool, to build up, to
take in, to blow in, to take out, to heat, to transfer; again, liquid, separate, fusible,
steely

I11*. In each row, find the word (compound) whose meaning is given at the
beginning of the line.

Oamns: a) the cowper, b) the part, c) the tower, d) the rest.

obnazath: a) possess, b) build up, c) escape, d) follow

MPUMBIKaTh: a) to expand, b) to constrict, c) to join, d) to accumulate

BIyBaTh: a) to heat, b) to cool, ¢) to fill, d) to blow in

MOAXOJIAIINM: a) suitable, b) again, ¢) necessary, d) retrospective

BHYTpeHHHUI: a) short, b) inner, ¢) upper, d) low

u3-3a: a) afterwards, b) together, c) because of, d) with that

BpeMs OT BpeMeHH: a) at the time, b) from time to time, c) in time, d) in time.

V. Read text A. Name the main elements of a blast furnace.

TEXT A
PRODUCTION OF PIG IRON IN THE BLAST FURNACE

The blast furnace is a shaft furnace 20 to 30 m high and 4 to 10 m in internal
diameter. It is built of refractory bricks held together by a steel framework. The
upper opening of the shaft, the gout, has a cone-shaped closure to prevent the
gasses from escaping into the open air. The gout is followed by the shaft, which
widens downwards to provide space for the filling as it expands in the heat. Then
follows a short cylindrical section, the coal sack to form the transition to another
narrowing section. In the rest the charge comes to melt, and the molten iron,
together with the slag floating on it because of its light weight, accumulates in the
rack to be taken out separately from time to time through the tapping holes.

The blast furnace has a number of ancillary facilities, such as the casting hall,
slag recycling, blast furnace gas purification and coking plant for producing the
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coke from hard coal needed to fill the blast furnace. Then there are the Cowpers
(hot blast stoves). These are round towers of roughly the same dimensions as the
blast furnace. Each blast furnace usually has three Cowpers. They work
alternately. First, the cowper is heated by the purified hot blast furnace gases.
Then the combustion air (blast wind) intended for the blast furnace is passed
through the Cowper. It heats up and the hot lattice-like masonry is cooled down.
This makes it necessary to switch back to blast furnace gas. The hot blast is blown
into the blast furnace through water-cooled nozzles in the upper part of the frame.

The blast furnace is filled with ore and coke in layers, with the material being
brought up to the height of the blast furnace platform by means of an inclined lift
or, in the latest designs, by a conveyor belt. The correct selection of the
aggregates to be mixed with the ores is important for the production of pig iron
that is as pure as possible. In the blast furnace process, the siliceous and
calcareous components of the ores and fuel ashes are to be converted into more
easily fusible compounds, the slags, by suitable mixing with limestone. The slags
should also absorb the sulphur, or the desulphurisation of the pig iron is carried
out subsequently by adding soda ash.

V. List the English nouns (See pp. 88-89) with the help of which you can
describe:

(a) a blast furnace;

b) the raw materials used in the blast furnace process;

c¢) auxiliary equipment of the blast furnace process.

VI Using picture 1.7, tell your partner everything you know about blast
furnaces.
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Figure 1.7. Section through a blast furnace plant
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VIIl. Read text A again and say whether it is correctly divided into the
sections - paragraphs - that make sense. How would you title them?

VIII. Graphically represent the content of text A. Write the English
explanations for the diagram you have drawn.

IX. Read text B, make an effort to write down the most important processes in
the blast furnace.

TEXT B
PROCESSES IN THE BLAST FURNACE

From a purely chemical point of view, the task of the blast furnace is to break down
the iron ores, the chemical compounds of iron with oxygen, into their basic
components. The preconditions for this reduction process are not only high
temperatures, but also the presence of a substance that seeks to bind the oxygen to
itself with greater force than the iron is able to hold. Such a substance is carbon.
In the upper part of the shaft, the charging masses are first heated and dried by the
exhausting' blast furnace gases. When the temperature exceeds about 900°C, the
reduction begins. Here the ores begin to give up their oxygen to the carbon oxide
contained in the blast furnace gas, which burns to form carbonic acid according to
the equation FeO +CO = Fe + CO, (indirect reduction). Metallic iron is deposited in
a sponge-like? manner. It takes up carbon and comes to melt at about 1200°C. Some
of the ore, however, has remained unchanged and is now directly reduced at 1400-
1600°C in the rest. The reduction of silicon, manganese and phosphorus, whose
oxides are contained in the iron ores in varying quantities, also takes place here in
the rest, and the slag is also formed here. Iron and slag accumulate in a hot liquid
state in the hearth.
The pig iron taken from the blast furnace is only an intermediate product. It is either
taken to a collecting vessel4 or a mixer from where it is converted into steel. It can
also be solidified in casting plants (moulds) into ingots, which are used by the
foundries as a raw material for cast iron. The composition of pig iron varies widely
depending on the ores and the furnace cycle 5. Pig iron is characterised by a high
content of carbon, silicon and manganese.
There are various uses for the solidified slag: depending on how it is processed, it is
used as paving stones, railway ballast, concrete aggregate, slag cement, slag wool,
etc.

Text explanations
1. peeling - oTxoasuuii
2. spongy - B BUjie ryOKu (TyOuaroe xene3o).
3. liquid - B pacruiaBieHHOM BH/IE.
4. the collecting vessel - KonmuIBHUK
5. the furnace passage - xo7 neuu (mpoiecc IIaBKN).
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X. Report on the production processes in a blast furnace. Use your notes and the
text to do this.

Xl. Read text C and find the answers to the following questions in it:
1. Where is the gigantic blast furnace described in the text located?
2. What is the annual output of the giant in cherepovets?

3. What are the advantages of the computer system?

4. What are the investments in the magnitogorsk and novolipetsk combines used
for?

TEXT C
COMPUTER CONTROLS THE PROCESSES IN THE BLAST FURNACE

The blast furnace of the metallurgical combine in Cherepovets devours the load
of 400 railway wagons with ore and coal every day. 20,000 tonnes of pig iron at full
capacity is the daily norm for this world's largest furnace of its kind. 160,000 tonnes
of steel structures had to be processed on the 100-metre-high giants and 15 kilometres
of conveyor belts had to be laid for charging.

With a projected annual output of 4.5 million tonnes - initially it will be one
million less - it alone achieves almost as much as the two blast furnaces currently
operating in Cherepovets put together. The advantages are obvious?: less material is
needed for construction, labour is saved during operation. These advantages are
increased by the computer system, which ensures that the raw materials are processed
with the highest possible efficiency.

The same is true for the reconstruction of the capacities of the Magnitogorsk
Iron and Steel Works, where more than half of the investment funds are available for
the introduction of effective technologies.

Text explanations

1. devour - mporiaTeBaTh, MOTIOMIATH.

2. something is obvious - 4TO-TO OUEBUIAHO.

XI1. Discuss the content of the text in a dialogue.

XI1l. Read text D. To understand the text as fully as possible, look up the
unknown words in the dictionary.

TEXT D
CAST IRON, MALLEABLE CAST IRON, CAST STEEL

Cast iron is made from pig iron by remelting. In this process, the chemical
composition changes only slightly. However, the cast structure becomes denser,
finer-grained and more uniform.

The shaft furnace consists of a circular shaft lined with refractory brickwork. A
coke fire is first lit at the bottom of the shaft, and then layers of coke and iron,
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consisting of an appropriate mixture of pig iron, steel scrap and cast iron scrap, are
thrown onto the embers. An aggregate of 7 to 12 per cent limestone is also added.
Now the blower air is blown in through the air jacket and the nozzles, and the
combustion of the coke creates such high temperatures in the shaft that the iron
becomes liquid and runs down. It accumulates in the bottom of the shaft or in the
forehearth and is blown off from there from time to time through the taphole to be
taken in ladles to the sand moulds where it solidifies.

The quality of the pig iron can be considerably increased by reducing the carbon
and silicon content. However, special precautions must be taken to ensure that the
fracture surface of the parts does not turn white but grey, e.g. by preheating the
moulds to delay cooling or by adding ferrosilicon, calcium silicide etc. to form crystal
nuclei. Furthermore, superheating the cast iron up to 1500°C, instead of casting it at
about 1350°C as is usually the case, helps to improve the fine grain and uniformity.
These or similar measures result in the high-quality pearlite cast iron. Today, a
double melting treatment (duplex process) is often used for its production. First, a
cast iron of the usual type is melted in a shaft furnace and then superheated in an
electric furnace and brought to the desired composition by adding steel scrap. The
most commonly used electric furnace is the induction furnace.

Recently, it has been possible to melt spherulitic cast iron, which contains
graphite in spherical form. It is produced from a low-sulphur cast iron melt by adding
small amounts of cerium or magnesium in the ladle.

Malleable cast iron is the link between cast iron and cast steel. It combines the
good castability of cast iron with steel-like properties. According to the colour of the
fracture surface, a distinction i1s made between white and black malleable cast iron.
The share of malleable cast iron in the total of cast iron materials is not very large -
about 4%. It is important for automotive and precision engineering. The wall
thickness should not exceed 20 mm for white malleable cast iron and 30 mm for
black malleable cast iron.

Melting of the malleable cast iron is similar to that of cast iron. A suitable charge
is melted in foundry shaft furnaces, flame furnaces or electric furnaces. Here, a
relatively low content of alloying components (e.g. chromium) must be aimed for.
The result is that the castings do not solidify as grey cast iron, but as chilled cast iron
with a white fracture surface.

The castings are then packed into annealing pots and surrounded on all sides
with annealing agents. The pots should be completely tight and closed with a lid so
that the fire gases do not come into contact with the castings during annealing. The
pots are then placed in an annealing furnace and subjected to heat treatment.

Large annealing plants also have tunnel furnaces where annealing is carried out
in a continuous process (without interruption). Annealing transforms the carbon form
of the castings so that they become almost as tough as steel. In the case of white
malleable cast iron, superficial decarburisation also takes place. This is caused by the
use of an oxygen-releasing annealing agent such as red ironstone, hammer blow and
rolled sinter. For black malleable cast iron, on the other hand, a neutral annealing
agent such as quartz sand is used.

Steel castings do not differ from steel in composition, but only in the way they
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are cast. Steel is cast into blocks for further processing, whereas cast steel is cast into
finished mouldings. This was only possible after a sufficiently heat-resistant
moulding material of fat sand, clay, unfired clay and sawdust had been found for the
moulds, because cast steel has melting and casting temperatures that are 100 to 300°
higher than cast iron and malleable cast iron.

The production of cast steel largely corresponds to that of steel. Depending on
the special conditions and quality requirements, Siemens-Martin furnaces, electric
furnaces and induction furnaces are used as melting equipment, but smaller furnace
units are used than for ingot casting.

XIV. Carry out a lexical analysis of the text D. Write out technical terms that you
do not know and that characterise the casting process and its products. Learn these
terms.

XV. Read text D again and say which assertions correspond to its content.

1. IIpu BbITUIaBKE JIUTOTO YyT'yHA €r0 COCTaB CHIIBHO U3MEHSIETCS.

2. CTpyKTypa JIUThsI CTAHOBUTCS TUIOTHEE, PABHOMEPHEE U UMEET 00JIe€ MEJIKYIO
3€pHUCTOCTb.

3. PaboTa B BarpaHke HaUMHAETCS C 3arpy3Ku KOKca M KeJesa.

4. BHauasie B BarpaHkKe€ pa3KWraercsi KOKC; Ha BO3HHUKIIWN >Kap HACBHINAIOTCS
CJIIOSIMU KOKC U 7KENE30.

5. Ilpucanku B BUJI€ U3BECTHSIKA COCTABISIOT 7-12%.

6. JlyTbe mogaeTcst TOJIbKO Yepe3 KOJbLIEBOM BO3TyXOIPOBO/I.

7. Kunkuit 4yryH coOupaercs Ha JIHE MIAaXThl WM B KOMUJIBHUKE U BBITYCKACTCS
OTTYJla Yepes JIETKY.

8. dKuzkuii 4yryH 3acThIBa€T B KOBIIIaX.

9. B xoBmIax ®uAKANA YYTYH MOJAETCS B MTecYaHble (POPMBI U 3aCTHIBACT TaM.

10. YmeHblIeHHE COAEpKAHUS YIVIEPOAA W KPEMHHS 3HAYMTENBHO ITOBBIIIAET
Ka4eCTBO JIMTOTO Yyr'yHa.

11. TloBepxHOCTh M37IOMa TAKOTO Yyr'yHa CTAaHOBHTCA He Oenoil, a cepoii 6e3
NPUHITHS KaKUX-TH00 0COOBIX Mep.

12. VYnydmieHuo MENKO3epHUCTOCTH W PAaBHOMEPHOCTH CIOCOOCTBYET TaKKe
npotecc neperpesa uyryna 10 1500°C Bmecto o6sranoro go 1350°C.

13. JIns mosiydeHusi JUTEMHOTrO YyryHa C MEPIUTHOM CTPYKTYPOUW HCHOJIB3YIOT
JYTUIEKC-TTPOLECC.

14. ITpu mynuekc-npouecce YyryH TOJIbKO NEPErPEBAETCS, HE MOTy4dasi HUKAKUX
100aBOK.

15. CheponuTHBIN YyT'YH COJCPKUT IIAPOBUIHBIN Tpadur.

16. CdeponuTHbIl 4YyryH NOJIy4aeTcsl, KOIJa B pacIulaBe MHOIO CEphbl, U
MO/IAIOTCS OOJBIINE MPUCATIKY LIEPUS U MarHUs.

17. KoBkuii 4yryH — 3TO CBS3YIOIIEE 3BEHO MEXKAY JUTEHHBIM YYT'YHOM H
CTaJIbHBIM JIUTHEM.

18. Paznuuarot Oenblif U cepblit KOBKHUE UYTYHBI.

19. Jlosia KOBKOrO 4yryHa B OOIIEM KOJMYECTBE JIMTHIX KEJIE3HBIX MaTEpPHAaIOB
6omee 40%.

20. KoBkuil 4YyryH mnpuMeEHSTECS B aBTOMOOWJIECTPOEHHHM U TOYHOM
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npruOOPOCTPOCHUH.

21. BeimiaBka KOBKOIO 4yryHa MPOUCXOJUT TakK K€, KaK U JINTEMHOrO YyryHa, B
BarpaHkax, IJIAMEHHBIX WJIM AJIEKTpONeYax.

22. KOBKHMH 4YyryH TIOCJ€ BBIIUIABKM HE TIOJABEPraeTcsi IONOJHUTEIHLHON
TepMUUECKOI 00paboTKe.

23. B TyHHENBHBIX M€YaX OTKUT MPOU3BOJAUTCS HEMPEPHIBHO.

24. Ilocne oTKuUTa JIUThe CTAHOBUTCS IMOYTH TAKUM e BSI3KUM, KaK CTajb.

25. CtanpHOE JIUThE OTJIMYAETCS OT CTAJIU [0 COCTABY.

26. CtranbHOE JIUTHE B OTIMYHE OT CTAIA OTJIMBACTCS B TOTOBBIE (JOPMBEI.

27. Jlnsg cTanpHOTO JIUThS HY)KHA 0oJiee TEIUIocToiKas (opMoBOUHAs Macca.

XVI Reproduce the content of the text in Russian using the assertions from Task
XX.

XVII. Say whether you have observed a blast furnace process. If so, describe
your impressions.
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N O

10
11

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
217.
28.

29.

30

. the exhaust gas
. the lining

. the band

. the admixture

. the sheet

. the block
. the deoxidation

. the wire
. the insert

. case-hardening steel
. the freshening

chamber

the mould

the regenerative firing
the tube

the melting hearth

the scoop test

the scrap

the steel waste

the bar
transformation
tempering steel

to cut off

to expose
feed

grasp
switch over

preheat

self
. be suitable

UNIT IX
Theme: PROFIT OF STEEL

ACTIVE VOCABULARY
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OTpabOTaHHBIH a3

KJIaJIKa, O0JIMIIOBKA, (pyTepoBKa

JIEHTa, roJioca

NPUMECh, J0OaBIICHUE

JIMCTOBOM METall, >KECTh, CTaJbHOMH
JIUCT

YyIIKa, O0JIBaHKA, CJIMTOK

pacKucieHue, yAaleHHe KUCIOpOoJa,
BOCCTaHOBJICHHE

TPOBOJIOKA

IIUXTA, 3arpy3Ka, 3aBaJIKa, CaIKka
[IEMEHTHpYyeMasi CTallb

(puiieBaHue, MOIyYEHUE CTAIM IyTEM
OKHCIIMTEIIEHOU TUTAaBKU YyI'yHa,
paduH1pOBaHKE, OKUCIIEHHE, TIEpeIeN
Kamepa, OTJICIICHHE, reHepaTop
(MapTEHOBCKOM TIeUH )

KOKHJTb, M3JIOKHHUIIA

pereHepaTUBHOE OTOIUICHUE

TpyOa

MO/, TJIABIJILHOM TIEUH

KOBILIOBas (JIO)KeUHas1) poda

CKparl, JIOM

CTaJIBHOM CKpaIl

NPYTOK, CTEP>KEHB, OpyC

npeBpareHne, npeodpazoBaHue
YITydIIeHHAS (TepmooOpaboTaHHas )
CcTallb

BBIITyCKaTh (METAJL, 11U1aK) U3 1€Y1
BBIKJIQIbIBATh, IPOU3BOIUTH KIAAKY
3arpy»ath, 3achlarh, MOJABAThH IIUXTY,
TIPOM3BOIUTH 3aBAJIKY (BarpaHKH)
BMeEIATh

MIEPEKITI0YATh, U3MEHSTH (HAIIPaBJICHHE)

TIPE/IBapUTEIIHHO HarpeBarh,
MOJIOTPEBATH

1) pron cawm, 2) naxe

OBITH  TIPUTOMHBIM, TOIXOIAIIINM,
yI00HBIM



TASKS

I. Explain the meaning of the following compounds (Annex 1, 8 1 "Word formation").

the oxygen converter, the combustion products, the gas form, the fresh process, the
flame furnace, the heating gas, the combustion air, the heat emission, the heating air,
the charging opening, the steel waste, the fresh process, the alloying constituents;
gas-fired, evenly, for the most part.

I1. Combine the words from groups A and B into word formation pairs (Appendix 1, 8
1 "Word Formation™).

Pattern: the gaining - win

A: the extraction, the comparison, the admixture, the transformation, the oxidation,
the melting, the preheating, the switching, the charging, the possibility, the execution,
the addition, the combustion; remove, supply, accept, heat, deliver, heat up, utilise,
run off, solidify, process; cooled, predetermined, alloyed, liquid

B: to remove, to cool, to process, to utilise, to solidify, to liquid, to alloy, to dispense,
to heat, to feed, to drain, to heat, to accept, to predetermine; to extract, to add, to
oxidise, to burn, to compare, to switch, to preheat, to add, to charge, to transform, to
melt, to carry out; possible

I11*. Find the word in each row that has a generalised meaning.

a) freshening, b) smelting, ¢) pre-heating, d) tapping

a) the iron ore, b) the steel waste, c) the pig iron, d) the starting material

a) the case hardening steel, b) the quenched and tempered steel, c) the steel grade, d)
the stainless steel

a) the metal product, b) the strip, c) the sheet, d) the wire

IV*. Choose the correct word. Translate the sentences.

1. The steel solidifies into (tubes, strips, ingots) in the ingot moulds. 2. The furnace
can have a basic or acidic (charge, lining, firing). 3. Minor admixtures are in the
(steel, pig iron, iron ore). 4. Heating gas and combustion air are (tapped, preheated,
switched) by exhaust gases. 5. At present (the Siemens-Martin process, the electric
process, the converter process) is the most widespread. 6. The SM steel has been well
(alternate, resistant, suitable) in mechanical engineering. 7. The steel is obtained in
the oxygen converter in (liquid, gaseous, hard) state. 8. The chambers where the
heating gas and the combustion air are preheated are exposed with refractory (sheets,
stones, bars).

V. Translate the sentences containing the subjunctive (Appendix 1, 8 10 "Konjunktiv
in der deutschen wissenschaftlich-technischen Literatur'). Determine whether they
express real or unreal meaning.

1. Emphasise that the temperature of the metal mixture is constantly increasing. 2.
10% carbon is added to make the steel harder. 3. Let it be said that the cast iron is
superheated up to 1500°C. 4. It is said that cast steel has higher melting and pouring
temperatures than cast iron and malleable cast iron. 5. Steel is cast into ingots for
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further processing. 6. Underline in the lecture that it is essential that iron and slag
accumulate in a rack.

VI. Read text A and identify the main features of the production of steel from pig iron.

TEXT A
EXTRACTION OF STEEL FROM PIG IRON

Compared to pig iron, steel has fewer impurities. When the pig iron is converted into
steel, most of the impurities have to be removed. This is done by combustion
(ozydation). The products of combustion either escape in the form of gas or pass into
the slag. This process is called refining.

Of the refining processes, the most common was recently the Siemens-Martin
process. Today it is the oxygen converter process and the electric steel process. In all
these processes, so much heat is added to the melt by burning the admixtures that the
steel is obtained in a liquid state.

The most widespread steelmaking process for a long time was the Siemens-Martin
process. The SM furnace is a gas-fired furnace whose heating gas and combustion air
are preheated to achieve the high temperatures necessary for steel melting by
regenerative firing. Two chambers latticed with refractory bricks are used for this
purpose. Let us assume that the left chamber is heated first and is ready to give off
heat. Above the melting hearth, the heating gas and hot air combine and burn. The
hot exhaust gases are passed through the right-hand chamber and give off their heat
there. After some time, a switchover takes place and now the preheating of air takes
place in the right-hand chamber, while the cooled left-hand chamber is heated up
again by the exhaust gases.

Through the charging openings, the hearth is charged with iron ore and liquid pig iron
(pig iron ore process) or with liquid pig iron and steel scrap (scrap pig iron process).
It is precisely the possibility of melting the scrap that accumulates everywhere in
large quantities, which could hardly be utilised otherwise, that contributes
significantly to the importance of the Siemens-Martin process. The refining process
proceeds slowly under the oxidising effect of the flame after deoxidation has been
carried out and, if necessary, after the addition of alloying constituents, the liquid
steel is tapped off to solidify into ingots in moulds. The hearth can be provided with a
basic or acid lining.

The Siemens-Martin furnaces hold 50 to 9000 tonnes of charge. The solidification
process takes 4-10 hours. The processes are therefore very slow, so that they can be
controlled as desired by means of scoop tests. The product is therefore pure and
uniform and corresponds exactly to a predetermined composition. SM steels are
perfectly suitable for the components of our modern machines, including cars. They
are not only processed into bars, tubes and wires, but also into sheets and strips. Even
alloyed case-hardening and heat-treatable steels are partly melted in SM furnaces.

VII. Read text A again and divide it into more or less self-contained sections. Title
each section.
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VIII. Characterise the Siemens-Martin process of steel production. Use the material
from Text A and your own knowledge.

IX. Read text B, familiarise yourself with steel production in a converter.

TEXT B
STEEL PRODUCTION IN THE CONVERTER

The conversion of pig iron into steel in the converter is economically very
important. The converter is a tiltable' pear-shaped steel vessel whose inner wall is
lined with refractory material. The converter is surrounded by a support ring®> on
which there are two bearing journals®. These journals rest on the converter stands. It
allows the converter to be tilted into the required position.

The converter is operated from the converter platform. The waste gases
produced during the refining process are collected by the chimney, which is double-
walled for water cooling, and discharged via cooling and dust removal systems.
Aggregates and auxiliary material are transported from the hoppers via conveyor
belts to the storage bunkers and from there via chutes4 directly into the blowing
converter. In the transport ladle, the molten pig iron is brought to the converter by
overhead travelling crane5. For scrap, crane systems or a charging machine are used.
The liquid steel is transported to the casting hall by means of the casting car.

The most widespread process is the oxygen blowing process. The oxygen is
supplied by a nozzle that is lowered into the converter through the converter neck.
There are also converters in which the oxygen is blown through special nozzles
located at the bottom of the converter, so-called bottom-blowing converters.

After the addition of lime and coolant, the converter is tilted to the horizontal
position and the molten pig iron is poured from the ladle into the converter. The
converter is then erected and the oxygen is blown in. The converter is filled to about
one third with pig iron. The permissible charge temperature is exceeded, which leads
to increased wear of the refractory lining of the converter and to casting errors. Scrap
or iron ore is therefore used to cool the charge.

The sequence and rate of conversion of the accompanying elements in the iron
melt as well as the degree of completeness of the conversions are determined by the
following factors:

1) by the oxygen affinity of the individual elements at the respective
temperature;

2) by the concentration of the elements and oxides in the iron melt or in the
slag;

3) the reactivity and solubility of the slag.

The oxidation of the accompanying elements takes place via FeO, which
initially forms when the oxygen enters the melt at the nozzles and also passes into the
melt according to Nernst's distribution law6 : [FeO] <> (FeO).

As far as the higher oxides Fe2O3 and Fe3O 4 are formed in addition to FeO
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during blowing, they are reduced to FeO on contact with metallic iron. The following
Frisch reactions take place:

2[FeO] + [Si] — (Si0,) + 2[Fe]

[FeO] + [Mn] — (MnO) + [Fe]

[FeO] + [C] — CO + [Fe]

Dephosphorisation also takes place: 2[P] + 5(FeO) + 4(CaO) — 4(CaO +
P,05) + 5[Fe]

Text explanations

1. tiltable - onpokuabIBarOIIKIACS
2. bearing ring - OOPHOE KOJBIIO
3. Bearing pin - onopHas nanda (1ieika).
4. the chute - cmyckHo# eno0, cyck
5. the travelling crane - MOCTOBOI KpaH
6. Nernst's law of distribution - 3akon pacnpenenenus Hepucra.

X. Discuss the converter procedure in a dialogue.

Xl. Read text C and find the answers to the following questions in it:
1. What is the purpose of the electric steel process?

2. In what way is the heat generated in the electric arc furnace?

3. What is the capacity of an electric arc furnace?

4. What is the structure of the induction furnace?

5. How is the heat generated in the induction furnace?

6. Where are the electric steels used?

TEXT C
ELECTRIC STEEL PROCESS

The electric steel processes allow the melting of very pure high quality steels, as
there are no contaminating combustion gases. However, electricity as a heat source is
more costly and is therefore only used for deep refining or for melting together alloys
of pure starting materials.

In the electric arc furnace, two or three adjustable' carbon electrodes pass
through the furnace roof. The current passes from the electrodes as an arc into the
liquid bath and then back to the electrodes. The liquid raw steel is largely freed of
sulphur, phosphorus and oxygen by the heat generated by the electrodes and brought
to the desired composition by additions. The capacity® reaches up to 200 t.

The melting process is even more carefully controlled in induction furnaces. A
crucible-shaped melting vessel of acidic or basic mass is surrounded by a water-
cooled copper coil. A frequency current of about 50 hertz is sent through this coil.
Heating is achieved by inductively generated eddy currents® in the metal itself4. The
furnace can even be operated in a vacuum if, for the highest demands, air is to be
prevented from entering the metal bath.

The electric steels produced in the arc furnace are reserved as structural steels
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for parts with the highest limit stresses, e.g. in aircraft constructionS. Tool steels are
almost exclusively melted in the arc furnace. For high-alloy steels with special
chemical, thermal or magnetic properties, the frequency furnace is preferred.
Text explanations
. adjustable - mepeaBHKHOMN.
. capacity - BMECTUMOCTb, EMKOCTb.
. eddy currents - BUXpeBbl€ TOKU
. come about - ocy1ecTBIAThCS
. reserved - ocTaBIATH (YTO-TMOO0 32 KEM-JIMOO WIIH YEM-JTHOO0).

DN AW -

XII. Discuss the advantages of the steel making processes described in Text C in
dialogue.

XIIl. Read text D. Look up in the dictionary the words that make it difficult to
understand its content.

TEXT D
POWDER METALLURGY - A PROMISING MANUFACTURING PROCESS

When people began to process metals with a high melting point, such as
molybdenum and tungsten, and to improve the technological methods for producing
materials with special properties, a new branch of metallurgy emerged - powder
metallurgy. Metal powder is used in forming processes to produce components with
the highest precision at the lowest possible cost in terms of energy, raw materials and
human labour. This is a manufacturing process that is becoming increasingly
important in view of the global raw material situation. The following article gives an
overview of this manufacturing process.

A powder (usually iron powder) with a diameter of less than one millimetre is
produced from various metal alloys. The grain size of the currently used metal
powders is generally between 100 and 400 um (um - micrometre - MUKpPOH).

How are such metal powders obtained? Several methods are possible. The two
currently most commonly used, the direct reduction process and atomisation
(spraying of melts), will be discussed in more detail. Only a relatively short time ago,
there was no unanimous opinion among scientists in this field about the most
effective way to produce these metal powders. In 1971, the reduction process was
still preferred. Then atomisation or spraying was considered the most promising
method. Only practical analysis led to the conclusion: the production technology
depends on the purity of the starting material and its properties.

Pure iron ore, which is first reduced in size like all other starting materials, is
deprived of oxygen by the gaseous hydrogen or carbon at a temperature of up to
1,000°C. The result is iron sponge, from which the iron is extracted. Sponge iron is
formed, from which iron powder can easily be produced mechanically. This direct
reduction process produces about 40 to 50 per cent of the world's iron powder.

Alloyed iron or other metal alloys can be processed into powder by atomising
liquid metal, i.e. the melt. The application area of the atomisation process ranges
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from iron and bronze powders to powders for high-speed steels. The desired
properties of the end product, the sintered moulded part, are already decided when the
metal powders are mixed.

Four alloying techniques are used in practice: mixed alloying, initial alloying,
final alloying and combined mixed alloying and final alloying of the powders. Mixed
alloying is of the greatest importance within powder metallurgy.

Mixing of pure metal powders and alloy additions is carried out in the powder
state. The pressing properties of such mixtures are not influenced by the alloy
components. Only during sintering do they form compounds with the metal. This is
also the disadvantage of the mixed process. Long sintering times and high sintering
temperatures are required. This is not the case with alloying. Here, mixed-alloy
powders are subjected to annealing, which causes localised alloying of the powder
particles. This shortens the sintering times and the sintering temperatures. Finished
alloyed powders are created by atomising alloys produced by melting metallurgy.
These powders are difficult to press due to the hard mixed crystals produced in the
process. They are mainly used to produce corrosion-resistant properties and copper-
based alloys. The combination of mixed alloying with ready-alloyed powders has
been tested for some time. For example, iron powder is mixed with a ready-alloyed
powder of high alloy content. Such a powder can be pressed well with a simultaneous
higher utilisation of the alloying constituents. One thing must be emphasised in
principle, however, that any material can be produced by mixing powders, whereas in
the melting process - due to different densities as well as a lack of miscibility in the
liquid state - the range of materials that can be produced is limited.

The almost dust-like metal powder is generally poured into a primary mould, i.e.
a tool that presses a material into the desired shape for the first time, and then
compacted under pressure. This is done in such a way that the metal particles become
cohesive. Then the metal powder is sintered in a furnace - usually after it has been
removed from the tool. Sintered parts of different porosity can be produced with
different pressures. During sintering, the inner and outer surfaces of the body pressed
from a powder are reduced. Powder particles in contact are bonded together by
reducing the void ratio. At least one of the material components involved remains
solid throughout the process. The bonding of the porous pressed metal powder occurs
predominantly due to diffusion processes. They cause a permanent bond between the
particles, whereby the cavities inside the pressed part (and as a consequence also the
external dimensions) are reduced.

In addition to this pressing, there are other ways of compacting powder - for
example, powder rolling to produce nickel strips, or extrusion and extrusion of
powder blanks and finished pieces.

The decisive shaping is sintering in an inert gas atmosphere or in a vacuum.
Only here does the pressed part obtain its required strength through the addition of
heat. The compact is subjected to a temperature that is still below the melting point,
usually around 1000°C. This is the temperature at which the powder is compacted. In
this process, the contact points of the powder particles created during compaction
unite to form a solid structure. The mass transport triggered by the heat is caused by
diffusion processes - as already mentioned.
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XIV. Read text D again and say which assertions given below correspond to its
content.

1. Powder metallurgy is an ancient branch of metallurgy.

2. Metallic powder is used to make components of the highest precision.

3) powder metallurgy is a manufacturing process that is becoming increasingly
important.

4. The diameter of the individual grains of the metal powders is less than one
millimetre.

5. There is only one possible process for obtaining the metal powders.

6. There was a unanimous opinion among scientists on the most effective way to
produce the metal powders.

7. The reduction process was used first, then atomisation or sputtering.

8. The production technology does not depend on the purity of the raw material.

9. Pure iron is first reduced. 10.

10. Then the oxygen is removed from the iron ore. 11.

11. Sponge iron is formed, from which iron powder can be easily produced.

12. 40-50% of the iron powder is obtained by the indirect reduction process.

13. Alloyed iron and other metal alloys can be processed into powder by
atomising liquid metal.

14. The field of application of the atomisation process is very limited.

15. Four alloying techniques are used in practice.

16 Mixed alloying is the most important.

17. Mixing of metal powders and alloying additions is done in the liquid state.

18. The alloying constituents influence the press properties of the mixtures.

19. Finished alloy powders are used to produce corrosion resistant metals.

20. The combination of mixed alloying with finished alloyed powders is not
possible.

21. Not every material can be produced by mixing powders.

22. In the melting process, the range of materials that can be produced is limited.

23. The almost dust-like metal powder is poured into a primary mould and
compacted under pressure.

24. Then the metal powder is sintered in a furnace. 25.

25. Diffusion processes take place during sintering.

26. There are no other ways of compacting powder except pressing.

27. An important shaping process is sintering in an inert gas atmosphere or in a
vacuum.

XV. Give the content of the text in English. Use the assertions from task XIV.
XVI. Tell what you have learned about powder metallurgy.

XVII. Look at the schematic diagram of the metallurgical cycle of extraction of
rolled material from iron ore given below.
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Figure 1.8. Schematic representation of the metallurgical cycle
I der Koksofen 2, der Laulbagger 3. die Geblisemaschine 4. dee Sehriigaufzug 5. der

Hocholen 6. der Winderhitzer 7. der Mischer 8 die GicBplanne 5. der Martinofen
10, die Kokllle 11, dle Blockstrafie 12, dle Barrenstrale |3, das Walzgul

80



KEYS

Unit I

IV: 1. gold; 2. solid; 3. conductor; 4. rising; 5. solid; 6. mercury

V: 1 the property; 2) the metal; 3) work; 4) the element

VIII: a) B yeThIpe paza OoJIbIlIe, B IIECTh pa3 JydIlle, B CTO pa3 MEHBIIIE, B THICSIY
pa3 Teriee, B MATHACCAT Pa3 MPOYHeE;

b) Te CBOICTBA, TOT METAIL, TOT KUCIIOPO/I, TO YCIIOBHE, TE Pa3IMUMs, TC JJIEMEHTHI;

¢) 200 ner Hazan, B €ro Bpemsi, MO OnpeesieHno JIOMOHOCOBA, MPYU HOPMAITLHBIX
YCIIOBHSIX, C TIOBBIITICHHEM TEMITEPATYPHI

Unit IT

IV: transparent - opaque, outside - inside, above - below, left - right, dependent -
independent.

V: 1. metal alloy; 2. carbon; 3. nuclear charge; 4. electrons; 5. positive; 6. take ... off

VI: 1) the alloy; 2) the non-metal; 3) the property; 4) the atom

Unit I

I1*. 1. to melt; 2. to pour; 3. to grow; 4. to begin; 5. to happen; 6. to remain; 7. to
sink; 8. to measure; 9. to decrease; 10. to increase.

VII*: 1. low-melting; 2. destroyed; 3. the melting point; 4. solid; 5. divided; 6. as
soon as

VIII*: a) rise - fall; b) increase - decrease; c) cool - heat;

d) pure - impure; €) melting - solidifying.

IX*: CBOMCTBO METAUTMYECKMX MAaTepUalioB, U3BECTHOE C JIABHUX TIOp; PTYTh,
KUJTKAsE TIPH HOPMATBHBIX YCIIOBHSIX; SJIEMEHTBI, JIETKO COSTUHSIONTUECS C KUCIIOPOJIOM;
metauiel, Harpetble 10 1000°C; Meramwibl, NpuUMEHEHHbIE B (OpMe CIUIABOB;
XUMHUYECKUE IEMEHTBI, YIIOPSI0YEHHBIE B COOTBETCTBUM C SIZIEPHBIM 3apsIOM aTOMOB;
aToM, COCTOSIIII W3 sizipa 1 00osioukw; [leproadeckas cucrema 3J1eMEHTOB, CO3/IaHHAS
J. . MenneneeBbM; NOPAAOK, HAIMYECTBYIOIIMM B TBEPAOM COCTOSIHAM; MHOIO
KPUCTAJIIOB, PACTYIHX OJJHOBPEMEHHO

Unit I

I1*. 1. to bend; 3. to know, to break; 4. to overcome, to shift; 5. to deviate; 6. to
accept; 7. to enter; 8. to interrupt; 9. to deviate; 10. to avoid; 11. to bring.

VII*: 1) the stress; 2) the force; 3) the solidification; 4) relieve; 5) change; 6)
originally; 7) either ... or ...

VIII*: 1. obpabatbiBarot; 2. ucxoanas ¢opma; 3. HanpsbkeHue; 4. CMEIICHUS; S.
n30eXKaTh; 6. BO3ICHCTBYIOIIHES

Unit V

VI*: the aqueous solution — BomHbIM pacTBOp; the numerous procedures —
MHOrouuciieHHble Metofpl; the superficial treatment — oGpaboTka moBepxHocTH; the
dangerous influence — omacHoe Bo3neiictBue; the natural corrosion protection —
HPHUPOJIHAs 3all|Ta OT Koppo3uy; the resistant metals — ycTONUYHMBBIC METAUTBI

VIII*: d) the property, d) the time, a) the environment, c¢) the exposure, b) the
protection method, a) act

IX*. 1. Metaiyeckue OKHCIIbI; 2. BCTPEUAtOTCs; 3. COIEPKHUT; 4. cpena; S. morepu;
6. IOCTETNEHHO; 7. COBEPIIIEHHO; 8. pazpy1atolie; 9. npocreiast; 10. BO3MOKHOCTH

81



Unit VI

II*: 1. occurs — ckazymoe; 2. arises — cka3zymoe; 3. increasing — Ompe/iesieHue,
increases — ckazymoe; 4. determining — WMEHHas YacTb WMEHHOIO COCTAaBHOIO
ckazyemoro; 5. made — ompenenenue, mentioned — ompenenenue; 6. shiny —
orpezenenue; 7. contained — yacTh ckazymoro; 8. preventive — ompeeneHue, used —
4acTh CKa3yMoro; 9. exempt — yacthb ckazymoro; 10. operate — ckazyemoe, destructive —
00CTOSITEITLCTBO

VII*: ¢) harder; b) firmer; a) less; d) more

IX*: 1. B) TONIBKO; 2. B) 4€M .., TEM ...; 3. T) J10; 4. a) TOATOMY; 5. T) IpH 3TOM; 6. B)
MIPEXKIE BCETO; 7. B) TEM CaMbIM; 8. a) OKOJIO

Unit VII

I1*: 1. gain, process; 2. represent; 3. discover; 4. displace; 5. employ; 6. be; 7.
produce; 8. achieve; 9. melt; 10. find; 11. behave.

VII*. the Earth's crust - a) the Earth's crust

use - d) employ

manufacture - d) produce

process - b) treat

designate - b) name

frequently - ¢) often

essential - a) significant

small - d) little

VII*: mpenmytiiectBo — b) the advantage
nieHHocTh — d) the value
cbIpbe — ¢) the raw material
OTKpbIBaTh — a) discover
J00bIBaTH — b) gain
mynuth —d) tinning
oOpabartbsiBacMbIii — a) workable
BHavasie — c) first
IX*: 1. areas; 2. the Earth's crust; 3. raw material; 4. jewellery; 5. aircraft construction;

6. advantages; 7. totals; 8. representatives; 9. leaders; 10 tin plate Unit VIII

VI*: Gamns — c) the tower

o0JiaaTh — a) own

MPUMBIKATh — C) Join

BayBath — d) blow in

TIOJIXOJIAIIMM — ) appropriate

BHYTpeHHMH — b) inside

n3-3a — ¢) because of

BpeMsi OT BpeMeHH — b) from time to time

Unit IX

I11*: 1. The smelting process; 2. The starting material; 3. The steel grade; 4. The
metal product.

IV*: 1. Ingots; 2. Lining; 3. Pig iron; 4. Preheated; 5. The converter process; 6.
Suitable; 7. Liquid; 8. Bricks
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PART II
ANNOTATE AND REFER

[Ipn oOy4yeHUM YTEHHIO HEAOCTATOYHO YCBOUTH MH(OpPMAIMIO OpUTHHANIA B
LEJIOM WM 1O 4YacTaAM, HEOOXOAMMO TakKe HAydUThCA BBIACIATH TIJIABHOE
coJiep)KaHue, KpaTko ero chopMmynmupoBaTh M TPEJACTaBUTh B JIOTHYECKOU
MOCJEA0BaTEILHOCTH. AHHOTHUpOBaHUE (OT JarT. annotatio — 3amMeuyaHue) U
pedepupoBanne (ot mar. refero — coolOmarw) — 3T0 cmocoObl 00pabOTKH
uH(pOpMAIMU U KOMITPECCUU TEKCTa. B MX OCHOBE Jie)KaT JBa METOJIa MBIIIICHUS
aHaMM3 W CHUHTE3. AHAIW3 HE0O0XOoAWM, YTOOBI BBIIEIUTH HanOOJEee IEHHYIO
uH(}OpMAaIUIO, OTJEIUTh BTOPOCTEIICHHBIC CBEJICHUS U JIaHHBIC, U3BJICYh OCHOBHOE
comepkanue opuruHaia. OJHOBPEMEHHO C aHAJIU30M TEKCTa  CIIEAYyeT
OCYUIECTBJIATh MPOLECC €ro CUHTE3a, T.€. COCIUHSTh B JIOTUYECKOE IIEN0oe Ty
OCHOBHYIO HWH(OpMAIMIO, KOTOpas TMOJIy4eHa B pe3yidbTaTe aHAIUTHYECKUX
omeparuii. Tak MPOUCXOTUT CMBICIOBOE CBEPTHIBAaHHE TEKCTa W CO3/AeTCs
BTOPHYHBIN TEKCT, COJIEPKAIINA OCHOBHYIO CYTh IMIEPBUYHON MH(GOPMAIIHH.

Kak anHOTanmmsi, Tak u pedepaT MpU3BaHbI MepeaaTh OCHOBHOE COJMECpIKaHHE
uH(pOpManuu, UMEIOLENHCS B YATAEMOM TEKCTE, B MAKCUMAaJIbHO OOOOIIEHHOM HU
cxatoM Buze. [Ipu anHOTHpOBaHUM U pedhepupOBaAHUM COOOIIEHHE OCBOOOXKIaeTCs
OT BCETr0 BTOPOCTENEHHOTO, WJUIFOCTPATUBHOTO, JOMOJHUTEIBHOTO, COXPaHSIETCA
JUIIb camMa CyTh cojepxkaHusi. OJHAKO CyIIEeCTBYET MPUHIMIIUAIBHAS Pa3HHIIA
MEXy aHHOTaluell u pedepaToM. AHHOTAIUSA JHUIIb MMEPEUUCISIET T€ BOIPOCHI,
KOTOpbIE OCBEIICHBI B MEPBOMCTOYHHUKE, HE PACKpBIBas UX cojepkanus. Pedepar
HE TOJBKO MEpEUMCIsieT BCE 3TU BONPOCH, HO U COOOIIAET CYIIECTBEHHOE
coJiepKaHue KaKJIOTro M3 HUX. TakuM 00pa3oM, aHHOTAlMs J1aeT TOJbKO oOIiee
npenctaBieHne 00 WCTOYHMKE MW SABIACTCA — yKasaTenem TMpu  oTOope
MEPBOMCTOYHUKOB JJISI UTCHUSI U JajibHEHIeld HaydyHol paboThl, pedepaT ke BO
MHOTHX CIIy9asX MOJKET BIIOJIHC 3aMCHHTHh CaM HMCTOYHHK, TaK Kak COOOIIaeTr
CYILLECTBEHHOE COJIEpKAaHUE MaTepHalia, OCHOBHBIE BHIBOJIBI.

[Ipouiecc anHHOTUpOBaHUS U pedepupoBaHUsl TEKCTa MEPBUYHOTO JTIOKYMEHTA
(KHUTH, CTaThH, MATEHTA U T.II.) B YYEOHBIX LIEJIAX CIEIYyET MPOBOAUTH B TPH dTalla:

1-i 3Tanm — 3TO YTEHHE UCXOJHOTO TEKCTA U €r0 aHAJIU3 — OOBIYHO HECKOJIBKO
pa3 — C LEeJbl0 JETalbHOIO TIOHMMAaHUS OCHOBHOTO COJIEpP)KaHUSA TEKCTa,
OCMBICTIEHUSI ero (hakTH4eckor wHbopMary (03HAKOMUTEITFHOE W H3Yy4aloliee
YTEHHE).

2-if 3TAan — 3TO omepanuu ¢ TEKCTOM MEPBOMCTOYHHKA: TEKCT pa3OUBaAETCs HA
OTIICTIbHBIE CMBICIOBBIE (parMeHThl C I1EJIbI0 HW3BJICUYCHHS OCHOBHOW U
HEe00XoanMOoi HHPOPMAITUN KaKIOTO U3 HUX.

3-ii 3Tam — OTO CBEpThIBaHHWE, COKpalleHue, 000OIIEeHHE, KOMIIPECCHUs
BBIJICJICHHON OCHOBHOM (hakTosiorndeckoi uHbopManuu U odopMiieHHE TEKCTa
pedepaTa B COOTBETCTBHU C MPUHATON MOJIENbIO pedepara.

CrpykTypa aHHOTAUMU M pedepara

W3noxkenne maTepuana B aHHOTAIlMM M pedepaTe TODKHO MPOBOIUTHCS B

CJIEIYIOLIEM TOPSIJIKE:
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IIpenmernass pyopuka. B sTom myHKTe Ha3bIBaeTcsi 00JacTh WU Pa3aen
3HAHMS, K KOTOPOMY OTHOCHUTCSI aHHOTUPYEMbIN WU peeprupyemMblii HCTOUHHUK.

Tema ncrounuka. OObIYHO TEMa ONPEAEISIETCS] HAMMEHOBAHUEM HCTOYHHKA
1160 popmynupyeTcs caMuM pedepeHTOM.

bubauorpaguueckoe omnucaHue TMNEPBOMCTOYHMKA. B 93TOil yacTu
3aIMChIBAETCS HA MHOCTPAHHOM SI3BIKE aBTOD, 3arjaBU€ KHWUTW WIIW KypHajia, U3
KOTOPOTO B3SIT TEKCT, U3AATENIbCTBO, MECTO W BpEeMsl M3JaHUs. 3aTeM ITH K€
JAHHBIE TAIOTCS B IEPEBOJIE HA PYCCKHIL SI3BIK.

I'naBHasi MbICJIb AHHOTHPYEMOT0 MAaTEepPHUAJIa.

Cxaras xapakTepucTHKa MaTepuajga B BHjAe IUIaHA. 37ech
IIOCJIEIOBATEIbHO IEPEUYUCISIIOTCS BCE 3aTPOHYTHIE B HMCTOYHUKE BOIPOCHI
(rnmaBbl, pasznensl, naparpadsl, ab3aisi).

Kpurnyeckasi oOmeHKa TeEePBOMCTOYHHKA. JTa pyOpuKa  MOXKET
COJZIEP/KATHCS HE B KAXKJI0W aHHOTALIUH.

OObeM aHHOTAIMU 3aBUCUT OT 00BbEMa MEPBOMCTOYHHUKA U OT TOTO, CKOJIBKO
OCHOBHBIX ITYHKTOB IIJJaHA MOTryT OBITb B HeM BblaesieHbl. [lpu sToM 6-8
MPEAJIOKEHU B yueOHOM aHHOTAIlMK, XapaKTEPU3YIOLIUE MPEIMETHYIO pyOPUKY,
TEMy MCTOYHHKA, ero Oubiaumorpaduyeckoe OMHCAHME M TJaBHYIO MBICIIb,
ABJISIFOTCSL €€ 00s13aTeIbHBIMU KOMITIOHEHTAMU, @ CaM TEKCT aHHOTAIIUU HE JI0JHKEH
IIPEBBIIIATH, KaK MpaBuiio, S00 3HaKOB.

Ctpykrypa pedepara B 3HAUUTEIbHON CTENEHW HAIIOMHHAET CTPYKTYpPY
aHHotauuu. Pedepar coxpaHseT Bce MyHKThl aHHOTanuu. OJHAKO aBTOp
pedepara HE OrpaHHYMBAETCA MPOCTBIM IEPEUUCICHUEM 3aTPOHYTHIX B
UCTOYHUKE BOIIPOCOB, a H3JIaraer ero cojepkanue ((haKTOIOrHYECKYIO
MH(POpPMAIMIO) B MOCJIEI0BATEIBHOCTH NEPBOMCTOYHUKA I10 IJIaBaM, pasJesiaM,
naparpadam, ab3aiam, COMPOBOXKIAs HMX BBIBOJAMH aBTOpa pedepupyeMoro
HMCTOYHHMKA M CBOMMH KOMMEHTapusiMH. B pedepar BkitodaroTCs, Kak MpaBuio,
(dparMeHThl W3 TIEPBOMCTOYHUKA. ITO 0000meHusT U (QOPMYIUPOBKU U3
MEPBUYHOrO JIOKYMEHTa, KOTOpble B TOTOBOM BHJIE TEpPEHOCATCS B pedepar
(muTHpYIOTCSA).

Takum oOpa3om, pedepar coaep:KuUT cJieaylouUde T0NOJHUTEIbHbIE
MYHKTbI:

Kpartkoe n3znoxenne cogep:kaHusi.

BeiBoabI aBTOpA 10 pedepupyeMoMy MaTepUally.

KomMmenTapuu pedepenra (He Bceraa).

CocTaBneHHBIN 10 JaHHOW CTPYKType pedepar CBHICTEILCTBYET O
TIIATENIBHOM M3YYEHHHM NEPBOMCTOYHUKA U MOXKET 3aMEHUTH €ro HpPHU HU3yYECHHUH
omrcaHHOW B HeM mpooOsiembl. O0beM pedepara He moipkeH mpeBbimath 10-15%
pedepupyemMoro Tekcra.

Kparkas xapakrepucTuka si3bIka aHHOTALUH, pedepara

AHHOTanus W pedepar NPEACTaBISIOT COOOW HOBBIM, CaMOCTOSATEIbHBIN
JOKYMEHT M HMEIOT CBOM CHEHU(PUYECKUE JEKCUYECKHUEe W TPaMMATHKO-
CTHJIMCTHYECKHE CpPEIACTBAa M3JI0KEHUS. OHU MOKHBI OTJIMYAThCS TOYHOCTBIO,
KpPaTKOCTbIO, SICHOCTBIO U JOCTYMHOCTHIO. IIpeasoxkenuss anHotauuu u pedepara
CTPOSTCA B COOTBETCTBHM C UX CTHJIEM, KOTOPBIH XapaKTEPU3YETCsl OJTHO3HAUYHBIM

84



ynoTpeOJeHHEM TEPMHMHOB, MPOCTHIX 3aKOHYEHHBIX MPEAJIOKEHUN, HMMEIOIUX
npaBUWIbHYIO TpaMMmarrueckyto Gopmy. Illupoko rcnons3yrorest HeonpeaeaeHHO-
JUYHBbIE TpeJIOKeHHs 0e3 TMOJUIeKaIero, KOHUEHTPUPYIOIIME BHHUMAaHHE
YUTAIOLIET0 TOJIbKO Ha (¢akre, yCWIMBas TEM CaMbIM HWH()OpPMAIMOHHO-
CIIPABOYHYIO 3HAYMMOCTh aHHOTaUUU WK pedepaTta. HacTo BCTpeuaroTCs Takxke
MaCCUBHbBIE KOHCTPYKIIUU.

[Ipu coctaBieHMU aHHOTALMK WU pedepara yroTpeOSIIOTCS ONpeIeSICHHbIC
peueBble kiume. Kiumme — 3To peuyeBoil cTepeoTun, TOTOBBIM 000pOT,
HCIIOJIb3YyEMBII B KaUE€CTBE JIETKO BOCIPOU3BOJMMOIO B ONPEIEIEHHBIX YCIOBHIX
U KOHTeKcTax crapaapra. OHM 00JierdaroT Mpouecc KOMMYHHUKAIMH, SKOHOMSIT
YCUJIUSI, MBICIUTEIBbHYIO SHEPrui0 W BpeMsl pedepeHTa-NepeBOAUYnKa U €ro
aapecara.

PATTERNS OF ANNOTATING AND REFERENCING

Kanie, pekoMeHyeMble CTyIeHTaM IS COCTABJIEHUSI
aHHOTAUMU U pedepaToB

IIpeanmerHasi pyopuka:

This article belongs to the scientific (popular-scientific) style. — Jlannas
CTaThsl OTHOCUTCS K HAYYHOMY (HAYYHO-TIOMYJISIPHOMY) CTHUTIO.

The field of science is metallurgy. — O6macTh HayKu — METAJIIOBEICHUE.

TeMa ucrounmuka:

The topic of the article ... — Tema cTaThu ...

The article considers ... The article reveals ... The article describes ... — B
CTaThe peub UJET O ...

bubanorpaguyeckoe onucanue HCTOYHUKA:

The text is published in the textbook ... (in the book ..., in the journal ..., in
the newspaper ...). — TekcT omyOMKOBaH B YIYCOHUKE ..., (B KHUTE ..., B )KypHaJe
..., BTasere ...).

The textbook ... (the book ..., the journal ..., the newspaper ...) is published by
the publisher ... 2008. — Y4eOnuxk ..., (kHUTA ..., )KypHAT ..., Ta3eTa ...) U3AaH
M31aTEIbCTBOM ... B 2008 roay.

The textbook ... (the book ..., the journal ..., the newspaper ...) was published
by ... in 2008. — Y4eOHUK ..., (KHUTA ..., )KypHaI ..., ra3era ...) MOSBUJICS B
u3aaTenbeTBe ... B 2008 roay.

The article has the following title ... — CtaTbs umeeT ciaeayroIee Ha3BaHUE ...

The title of the article is ... — Ha3BaHnue ctatbu 3By4HT ...

The article is ... titled. — CtaTes Ha3bIBaeTCH ...

The author of the article is ... — ABTOp cTarhu ...

I'maBHasi MBICJIb HCTOYHUKA:

The main thought of the article is ... — ['maBHas MbICIb CTAaThHH ...

The main idea of the article is ... — ['maBHas uaes craToi ...

The article is dedicated to the question .... — CtaTbs mocBeleHa BOIpocy ...

The aim of the article is to acquaint the reader with the problems .... — Llenn
CTaThU — MMO3HAKOMUTH YUTATENS C TPOOIEMaMH ...
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CxaTtasi XapakTepucTHKA MaTepuaJia:

The article sets out the following questions ... — B cTaTbe u3nararorcs ciemyro-
IIM€ BOIPOCHI ...

Firstly ... Secondly ... Thirdly ... — Bo-niepBbix ... Bo-BTOpBIX ... B-Tperbux ...

It is noted that ... — Koncratupyercs, 4To ...
It is underlined / emphasised / stressed that ... — [ToquepkuBaercs, 4To ...
It is pointed out that ... — Yka3piBaercs Ha TO, YTO ...

It is the processes ... that are examined. — MccnenoBanbl Mpoieccs . ..

The results of the experiments are analysed / presented / confirmed. — Pe-
3yJbTAThI OBITOB AHAJTU3UPYIOTH / IPEACTABISIOTCS / MOATBEPKIAIOTCH.

Kpurnueckas oneHKa HCTOYHHKA:

It follows that ... — Otcrona cienyer ...

According to the content of the text, we may summarise that ... — Cornacao
COJICP’KaHUIO TEKCTa Mbl MOXKEM PE3IOMUPOBATH (0000IINTH, ClIeNaTh BHIBO), YTO

The article contains valuable information about ... and makes the reader pay
more attention to the problem (facts) described. — Crathsi COmEpkKUT LEHHYIO
uHPOPMAIIMIO O ... W 3aCTaBIseT YWUTATENS YACIUTh OOJbIlle BHUMAHUSA
ONMMCaHHOU MpoleMe (ONUCAHHBIM (haKTam).

The information is detailed / thoroughly presented. — Wudopmanus
U3JI0KEeHA TOJJPOOHO / OCHOBATENBHO.

The article contains sound conclusions. — CTaTbsi cCOIepKUT 0OOCHOBAHHBIC
BBIBOJIBI.

I find the article interesting / informative / boring / worthless / difficult to
understand. — fI HaxoXy cTaTbl0 WHTEPECHOW / MHGOPMATUBHOW / CKY4YHOU /
HUYETO HE CTOSIIEH / TPYIHOM I TOHUMAHUS.

Kpome Toro, cienyer 3amoOMHHUTb 4acTO yHoTpeOJisieMble B aHHOTALUAX U
pedeparax cioBa U CIOBOCOUYETAHUS, TAKHE KAK:

Share — coobmath

dedicate — nmocBemarp

intend — HamepeBaTbCS

integrate — BKJIIOYaTh

alm— HareauBaTh (Ha 4TO-1100)

lead back— 0O0BsicHATH (UeM-TTH00)

include — conepxatb

determine — onpenemnsATh

investigate — nccienoBaTh

mark — xapakTepu3oBaTh

view — paccMaTpHUBaTh

prove — J10Ka3bIBaTh

explain — 0OBSICHATH

demonstrate — noka3pIBaTh

Give examples — NpUBOIUTH TPUMEPDI

Obtain results — qocTurate pe3yyibTaToB

According to the author — mo MmHeHut0 aBTOpa

86



to my mind — Mo MOeMy MHEHHIO

by taking into consideration — mpuHMMas BO BHHMaHUE, UMEs B BHUY,
YUUTHIBAs

Draw attention — oOpaiath ybe-1100 BHUMaHue (Ha 4TO-JI100)

TEXT FOR ANNOTATING

SUPERALLOYS, THE MOST SUCCESSFUL ALLOY SYSTEM OF
MODERN TIMES - PAST, PRESENT AND FUTURE

Art Kracke
Vice President Business Technology

Superalloys are successful today because they have solved pressing demands
for durability and strength in machines and systems that were barely imaginable a
hundred years ago. Superalloys have helped us conquer air and space, plumb the
depths of the earth and ocean, and address many other challenges of modern life. As
such, they deserve to have their story told. The nature of this industry, however,
makes the telling a challenging task. Its history is one of many small events and
inventions that took place across the boundaries of nations, industries and countries.
Many individuals contributed to the state of the art today and only a few left their
names in the scattered records. This paper is an attempt by one of those individuals
who has been witness to many of the industry’s milestones to combine eyewitness
history with industry research and begin to set the story down in print. It is hoped that
we can begin the dialog needed to create a complete history, and set the stage for a
view of the superalloy industry’s bright and exciting future. Because it is, to some
extent, a first person account, I would like to state that this paper has a bias. It is
written by an engineer who spent his career working for a superalloy mill;
furthermore a mill that was a pioneer in the industry. With full disclosure out of the
way let me close this introduction with the following: Alloy 718, Waspaloy and their
derivatives are the most successful alloy systems of our time. Their success is due to
a combination of factors that include the properties and performance of superalloys in
service, the added value provided by vacuum melting, the success of gas turbines and
the continuous development of superalloys and the 13 products made from them. This
success was and is driven by the dedicated professional engineers who work in the
industry, to whom we owe a debt of gratitude and recognition. A Working Definition
Superalloys have been defined many times by metallurgists for books and
conferences, with reasonable consistency. A few of the most comprehensive
definitions follow: 1. A superalloy, or high-performance alloy, is an alloy usually
based on Group VIII A elements that exhibits excellent long-time strength, creep
resistance, corrosion and erosion at temperatures above 12000 F, good surface
stability, and corrosion and oxidation resistance. Superalloys typically have a matrix
with an austenitic face-centered cubic crystal structure. A superalloy's base alloying
element is usually nickel, cobalt, or iron. Superalloy development has relied heavily
on both chemical and process innovations and has been driven primarily by the
aerospace and power industries. 2. Superalloys were originally iron-based and cold
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wrought prior to the 1940s. In the 1940s investment casting of cobalt base alloys
significantly raised operating temperatures. The development of vacuum melting in
the 1950s allowed for very fine control of the chemical composition of superalloys
and reduction in contamination and in turn led to a revolution in processing
techniques such as directional solidification of alloys and single crystal superalloys.
3. A superalloy is a metallic alloy which can be used at high temperatures, often in
excess of 0.7 of the absolute melting temperature. Creep and oxidation resistance are
the prime design criteria. Superalloys can be based on iron, cobalt or nickel, the latter
being best suited for aeroengine applications. The essential solutes in nickel based
superalloys are aluminum and/or titanium, with a total concentration which is
typically less than 10 atomic percent. This generates a two-phase equilibrium
microstructure, consisting of gamma (y) and gamma-prime (y'). It is the y' which is
largely responsible for the elevated-temperature strength of the material and its
incredible resistance to creep deformation. The amount of y' depends on the chemical
composition and temperature. A good working definition, although less technically
precise, i1s: superalloys are the nickel-, cobalt- and iron-based alloys used in the
hottest, most demanding components in gas turbines and oil and gas equipment.
Superalloys facilitate improved operating efficiency and reduce environmental
emissions.
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TEXT FOR REFERENCE

TECHNICAL DEVELOPMENTS IN HOT ROLLING
OF FLAT AND LONG PRODUCTS

Christian Overhagen
University of Duisburg-Essen

During the last years, developments and innovations in flat steel production for hot strip,
plate and cold strip have been characterized by growing demands on the quality of the
products. This has generated numerous innovations in plant engineering as well as
control and regulation technology solutions aiming at higher product quality, increased
efficiency and reducing energy consumption. Many of these efforts have been focused
on the integration of systems measuring and controlling different parameters, such as
temperature, profile, flatness and surface-roughness. For bar and wire rod production, it
1s necessary to attain the desired material properties directly from the rolling heat and the
possibility of further processing the material without preliminary heat treatment. The
introduction of near-net-shape beam-blank casting has markedly changed processes in
section rolling. The number of passes has been reduced, the rolling mill plants are
smaller in size and the rolling process has become simpler, more cost-effective and less
energy consuming.

C.P. Manning and R.J. Fruehan

ADVANCES IN IRON AND STEELMAKING

The blast furnace, in various forms, has remained the workhorse of world-wide
virgin iron production for more than 200 years, producing carbon-saturated “hot
metal” for subsequent processing by steelmaking processes. However, the modern
blast furnace has advanced a long way from its earlier ancestors. Most modern
large-capacity blast furnaces represent extremely efficient chemical reactors,
capable of stable operation with an impressive range of reactant feed materials. The
injection of pulverized coal, natural gas, oil, and, in some cases, recycled plastics to
replace a portion of the metallurgical coke used as the primary reductant and source
of chemical energy represents an important development in the process.

Coke is produced by baking coal in the absence of oxygen to remove the volatile
hydrocarbons contained in coal. The resulting coke is mechanically strong, porous,
and chemically reactive, which are all critical properties for stable blast furnace
operation. In addition to supplying carbon for heat and the reduction of iron ore,
coke must also physically support the burden in the blast furnace shaft and remain
permeable to the hot air blast entering from the bottom. Coke-making is extremely
problematic from an environmental perspective, as many of the hydrocarbons
driven off during the coking process are hazardous. Also, not all types of coal are
suitable for the production of coke. Recently, demand has decreased for the
byproducts from coke-making for secondary processing into chemical products.® In
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developed countries, aging coking facilities and tightening environmental control
have made coke-making an economic liability. Therefore, decreasing both the coke
rate and the over-all fuel rate of the blast furnace has been a major focus of recent
developments. Figure 1 shows the evolution of blast furnace consumption of
reductants in France in the last 30 years.

Similar trends can be observed in most developed countries. However, the
relative proportions of coal, natural gas, and oil usage are dependant on several
factors. These factors include local availability, fuel price, and the capital
requirements of the injection equipment. Figure 2 shows the coke and coal
consumption rates per ton of hot metal in Europe, Japan, and the United States. At
high coal injection rates, partially combusted coal char builds up in the area near
injector. This can lead to reduced gas permeability and currently sets the practical
limit for coal injection. Extensive experimentation in the United States and
elsewhere has found an optimum combination of fuels that allows for stable
operation at low coke rates. That ideal mix, per ton of hot metal produced, includes
metallurgical coke, 230 kg; nut coke, 40 kg; injected coal, 180 kg; and injected
natural gas, 50 kg.

Improvements in process control and reduced refractory wear have increased blast
furnace campaign life significantly, which is critical to the economics of the
process. The current expected lifetime of newly rebuilt furnaces is 20 years or
greater. Improved process control, burden design, regular maintenance, and
reduction of unscheduled shut-downs has had a dramatic effect on the productivity
of blast furnace operations.*> Many steel companies have shut down older furnaces
while maintaining or increasing hot-metal production by increasing the productivity
of newer furnaces.

In the past 5 to 10 years, there has been a rapid increase in the production of iron
via direct reduction processes. This new production has been dominated by the gas-
based Midrex and Hyl processes, although several new plants based on other
processes have begun production. This additional world wide ironmaking capacity
has primarily served the electric arc furnace industry, providing an alternative to
high quality and expensive scrap as a source of clean, low residual iron units.

In the last 40 years, the basic open-hearth process has been almost completely
replaced worldwide by various top, bottom, or combination blown basic oxygen
steel making (OSM) processes." Since the adoption of basic oxygen steelmaking,
continuous incremental improvements on the various forms of the process have
improved the productivity and efficiency of oxygen steelmaking vessels.
Development efforts have included experimentation with various combination top
and bottom blowing configurations, natural gas shielding of bottom oxygen tuyeres,
bottom stirring, top lance design, post combustion, slag formation control, process
monitoring and control, and refractory design. A recent, important development in
oxygen steelmaking has been the adoption of slag-splashing practices to increase
furnace lining campaigns to more than 20,000 heats.>® In this practice, the furnace

90


http://www.tms.org/pubs/journals/JOM/0110/Manning-0110.html#ref4
http://www.tms.org/pubs/journals/JOM/0110/Manning-0110.html#ref1
http://www.tms.org/pubs/journals/JOM/0110/Manning-0110.html#ref3
http://www.tms.org/pubs/journals/JOM/0110/Manning-0110.html#ref8

refractory lining is coated with slag between heats by nitrogen injection into the
vessel after tapping of the liquid steel. Although the solidified slag coating
eventually remelts in the subsequent heat or heats, this practice has effectively

extended furnace lining life.

Figure 3. Evolution of steel by
process from 1955 to 1996.
Adapted from  Fruehan.l
(Original source: International
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Technology (MIT), The University of British

Columbia, The University of Illinois, and others.
Because oxygen steelmaking processes melt

less scrap than open-hearth steelmaking, the

adoption of oxygen steelmaking in developed
countries was associated with a decrease in the price of scrap steel.' This increase in
scrap availability and decrease in price created an opportunity for growth of scrap-
based steel-making. With lower capital costs than an integrated mill, minimills
based upon electric-arc furnace melting (EAF) of scrap were able to establish a cost
advantage for the production of certain steel products. Figure 3 shows the
proportion of crude steel production by process in the United States over the last 50
years.

The development of ultra-high-powered electric-arc furnaces and reliable billet and
bloom continuous-casting machines provided a low-cost route for the production of
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lower quality steel long products, such as reinforcing bar and structural steels. As a
result, integrated steel producers have been completely displaced from this low-end
segment of the steel market in developed countries. This has allowed integrated
producers to focus on the production of high-quality plate and thin-gauge flat
products. The quality of steels produced via EAF is restrained by the level of
metallic residuals such as copper, nickel, and tin, in the scrap metal charge and
dissolved gasses such as hydrogen and nitrogen, which are contained in the scrap
and picked up during processing. At very low levels these contaminants can
significantly degrade the physical properties of many steel grades. However,
continuous improvements in EAF process control and the use of ore-based scrap
substitute materials such as direct reduced iron, hot briquetted iron, and pig iron to
dilute tramp elements in scrap, have significantly increased the product quality
range. Improved chemistry control and the successful implementation of thin-slab
casting by Nucor has demonstrated that EAF producers can also be competitive in
producing quality flat products as well. The continued expansion of EAF
steelmaking for the production of higher quality steel products is projected to
continue.'” However, this expansion will require continued technological
development of the basic process of electric furnace steel-making. More than 40%
of steel produced in the United States is produced by EAF, and that figure is
expected to rise to 50% by 2010.

In the last 30 years, a number of major technical modifications of the electric arc
furnace have dramatically improved the efficiency and productivity of the process.
Up to the present, the primary focus of electric furnace development has been to
increase productivity and energy efficiency by decreasing tap-to-tap time. Large
heat losses occur while the scrap pile or liquid steel is at high temperature. Greater
energy efficiency is achieved when the rate of energy input is increased and the
time at temperature is decreased. As a result, many of the developments in EAF
steelmaking have focused on increasing the net energy density that the furnace is
capable of delivering.! The development of foamy slag practices, whereby the hot
electrode(s) and plasma arc are enveloped in foamed steelmaking slag, has
significantly improved EAF performance. This practice protects the furnace roof
and side walls from radiation and excessive heating, helps to stabilize the arc, and
increases heat transfer to the steel, thus allowing furnace operators to run at much
higher rates of power input.

Most modern electric furnaces also use a combination of oxy-fuel burners,
pulverized coal injection, and oxygen injection to supplement electrical energy
input. For modern EAF operations, 35% of the energy input is in from chemical
energy sources.> Recently, additional chemical energy has been recovered via post-
combustion reducing of product gases by the controlled injection of additional
oxygen into the furnace above the slag. In the most modern furnaces, oxygen
injected to combust pulverized coal injection and carbon charged into the furnace in
scrap steel, direct reduced iron, pig iron, coke or coal can be as high as 40 Nm3/ton.
For furnaces with post-combustion systems, the oxygen usage may be as high as 70
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Nm3/ton.” At these very high rates of oxygen usage, significant additional heat
energy is released by the exothermic oxidation of iron at high temperature. The
additional heat input is gained at the expense of yield, due to the loss of iron as iron
oxide in the slag. As a result, slag chemistry control and yield will become a focus
of future developments in process control. Figure 4 shows the progress of EAF
steelmaking in the last 30 years with respect to several key performance indicators.

The large quantities of hot combustion product gasses generated in the modern EAF
have led to the development of several novel scrap preheating systems, whereby the
heat energy of the exhaust gas is used to preheat scrap prior to melting. Between
10-30 percent of the energy input into an EAF can leave the furnace with the hot
exhaust gas. Theoretically, 10 kWhr/ton of energy can be saved for every ~50 8C of
preheating of the scrap charge.? In practice, capture of the heat from furnace
exhaust gas has been problematic, primarily due to emissions control
complications. Until recently, relatively low energy prices have made the
economics of scrap preheating marginal, particularly in cases where the efficient
heat transfer could not be achieved. The Fuchs shaft furnace, the Consteel process,
and the Nippon Steel/Davy-Clecim twin shell electric arc furnace concept are some
examples of scrap preheating systems that are currently in commercial use. Several
processes are under development that allow for continuous preheating, feeding, and
melting of scrap.'

TEXT 1
TEXTS TO ANNOTATE AND REFEREE

I. Read the text, try to understand its content as much as possible.
NEW TECHNOLOGIES FOR IRON AND STEELMAKING

The following article appears in the journal JOM, 53 (10) (2001), pp. 20-23.

Worldwide, direct-reduction capacity via existing gas-based technologies is
likely to increase in order to support the expansion of EAF steelmaking to new, high-
quality products. However, the blast furnace is likely to remain the backbone of
worldwide iron production for several decades. Current fluidized bed and shaft
furnace direct-reduction processes rely on natural gas as the primary reductant and
source of heat for the reaction. One exception is the hydrogen-based Circored
process. A Circored hot-briquetted iron plant in Trinidad produces reduced iron using
byproduct hydrogen from the local petroleum industry. In regions where an abundant
and inexpensive source of natural gas (or hydrogen) exists, gas-based direct reduction
of iron followed by melting in an EAF can provide a cost-competitive alternative to
quality steel products. However, in areas where low cost natural gas is not available,
coal-based iron reduction processes will have an advantage. The efficiency and
productivity of modern large-capacity blast furnaces will be difficult to surpass.
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However, high capital requirements make it unlikely that any new blast furnaces will
be built in developed countries in the near future. Nevertheless, the shut-down of
aging coking operations and older, smaller blast furnaces will force the industry to
pursue one or a combination of three options:

Stretch remaining hot metal supply with increased scrap melting in new
steelmaking processes

Increase the productivity of remaining large capacity furnaces

Adopt or develop an entirely new process(es) for the production of hot metal or
steel to complement or replace the blast furnace
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Figure 5. Productivity at AK Steel’s Midland No. 3 blast furnace from June
1987 to August 1996. Adapted from Rabold and Hiernaux.18

There are several methods by which a limited supply of hot metal could be
stretched by increasing scrap utilization. Process optimization of current oxygen
steelmaking technologies will result in small improvements in yield by reducing both
the iron content and total volume of slag produced. Scrap preheating and improved
post combustion in conventional oxygen steelmaking vessels could be used to
increase the scrap usage in these processes. Entirely new oxygen steelmaking furnace
designs have been proposed, such as the energy optimizing furnacell, which makes
use of high rates of post combustion, additional fossil fuel additions, and elaborate
scrap preheating to increase scrap melting to as high as 70% during hot metal
refining. Alternatively, direct hot metal addition and increased oxygen usage in a
conventional EAF can dramatically decrease the electrical energy requirements per
tonne of steel. The latter option allows the steelmaker to produce steel using
anywhere from 20% to 100% scrap, producing the entire range of steel qualities with
respect to residual content. Such a hybrid EAF-OSM process offers a great deal of
process flexibility using proven and well-understood processes.

One limitation of stretching hot metal through significantly increased scrap
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utilization 1s related to the control of residual elements. As mentioned earlier, the
quality of steels that can be produced via conventional EAF steelmaking is currently
limited by control of residual metallic tramp elements in scrap and dissolved gasses.
The increased production of steel long products via EAF steelmaking has resulted in
a general decline in the quality of #2 and heavy melting scrap steel. If scrap is used in
increasing quantities for the production of all steels, levels of residual elements can
be expected to rise in the entire scrap supply. One solution to this dilemma is an
economical process by which residual tramp elements can be removed from scrap,
thus upgrading the scrap quality. Several processes have been demonstrated on
laboratory and pilot scales12—17 that have been successful in removing certain tramp
elements. However, in each case, unfavorable economics have prevented widespread
commercial implementation.

One alternative to removing metallic tramp elements is to reduce their
deleterious effects on steel properties. Most metallic residuals reduce steel hot
strength and hot and cold ductility by segregating to and weakening grain boundaries.
Tolerance to such chemical impurities could be improved through the design of
alloys in which these elements were tied up in heterogeneously nucleating second-
phase particles, which might not have the same negative effect on steel properties.
Also, new near net shape casting processes, which will be described in following
sections, may dramatically reduce the overall effect of residual elements for two
reasons. As its name implies, near net shape casting describes solidification processes
by which steel is cast in dimensions near to the specifications of the final product.

Although hot reduction at some level may still be required for microstructure
control, near net shape casting significantly reduces the dimensional forming
requirements of hot reduction processes and may reduce problems such as hot
tearing. Even more importantly, near net shape casting processes for the production
of thin gauge steel involve much higher rates of heat removal, solidification, and
cooling than conventional casting or thin-slab casting processes. As a result,
microstructural evolution in strip cast materials is fundamentally different from
conventionally processed materials. Macro-segregation in strip-cast steel 1is
significantly suppressed. Experiments have shown that a wide range of properties can
be achieved from a single steel chemistry entirely through variation of casting speed
and solidification and cooling rates. This has significant implications for the future of
residual element control in steelmaking.

Industry leaders continue to demonstrate the significant potential for increased
productivity of the blast furnace.18 Figure 5 shows the production rate at AK Steel’s
Middletown No. 3 blast furnace over a ten-year study period.

For blast furnace production to continue into the future even at current levels in
the United States and other developed countries, continued progress must be made on
reducing the coke rate of furnaces through coal injection. Significant progress has
been made in evaluating the benefits of oxygen enrichment of the hot blast. Industrial
trials are in progress to evaluate an oxy-coal injection system, which promises to
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allow for complete combustion at elevated coal injection rates.19 New,
environmentally acceptable and economically feasible processes for new or
replacement coke production capacity should be evaluated. If less coke is to be used
in the blast furnace, the mechanical property requirements of the coke that is used
will become more critical to maintaining permeability and stable furnace operation. If
antiquated coke production methods cannot produce material of the required strength,
exporting the environmental problems of coke production to developing countries
with less stringent regulations may become functionally as well as socially

unacceptable.

I1. Familiarise yourself with the bibliographical data of the text. Formulate them in
English and Russian.

I11 Say what the text is talking about in Russian.

IV. Write out the technical terms from the text that belong to the field of knowledge
"metallurgy".

V. Find a sentence in each paragraph which, in your opinion, expresses its main
idea. Justify your choice.

VI. Annotate the text in writing (not more than 500 characters).

TEXT 2
NEW TECHNOLOGIES FOR HOT METAL PRODUCTION

I. Read the text, look up in the dictionary the unknown words that make it
difficult to understand the text.

The following article appears in the journal JOM, 53 (10) (2001), pp. 20-23.

Several new processes for producing hot metal are in various stages of
development around the world. For example, technologies have been developed for
the reduction of iron ore or steel mill waste oxides to produce a solid direct-reduced
iron product. That product could be discharged to a second reactor for melting or
cooled and stored for later use. Several processes based upon the direct reaction of coal
and iron ore in a rotary kiln, such as the SL/RN process, have reached various stages of
development since the 1960s.20 Due to the high gangue and low specific productivity
of these processes, they have not received a great deal of attention for commercial
production. Several processes are currently commercially available that use a rotary
hearth furnace to reduce composite pellets containing both iron-oxide fines from ore or
wastes and carbon from coal, coke, wood char, or mill wastes. Due to the intimate
contact between the carbon and iron oxide in the composite pellets, iron reduction is
very fast at elevated temperatures. The off gasses from the reduction reaction and/or
coal devolatization can be post combusted in the rotary hearth chamber to provide a
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significant portion of the heat required for the process. Midrex is currently marketing a
rotary-hearth-based process, Fastmet, for recycling mill waste oxides.21 Two
commercial Fastmet units have been installed at Kobe Steel and Nippon Steel, both in
Japan. Iron Dynamics, a subsidiary of Steel Dynamics, currently operates a rotary
hearth furnace to produce 85 percent reduced iron pellets. Those pellets are
subsequently melted in a submerged arc furnace to produce hot metal for use in a
nearby Steel Dynamics EAF shop. The Iron Dynamics rotary hearth-submerged arc
process uses proven technologies to produce liquid iron at a reasonable cost for use in
the EAF.22 However, the total energy efficiency of this process is not very high as
compared with the blast furnace or other new coal-based technologies.

NOVEL PROCESSES FOR IRON PRODUCTION

As the supply of coke becomes more critical, smaller blast furnaces are closed
down, and additional hot metal capacity is needed, an opportunity exists to develop an
entirely new process that better fits the needs of contemporary and future steelmakers.
The characteristics of a new, ideal process for increased iron unit production should
include the following:

Very high efficiency with respect to energy and materials usage—A new
technology will be replacing conventional reactors, which are extremely efficient at
present and will only continue to improve in the near future.

Greater flexibility in feed materials—Dependency of the modern blast furnace on
coke is the greatest weakness of the process. Any process that could use coal directly
would have an enormous advantage over the blast furnace. In addition, the direct use
of fine or lump iron ore and/or waste iron oxides without agglomeration would further
reduce capital costs as compared with conventional processes.

Reduced capital costs—Due to efficiencies of scale, which are inherent to the
process, high-efficiency, high-productivity blast furnaces represent a daunting capital
investment for most individual steel companies without state subsidization. A process
that could be operated on a smaller unit scale without compromising efficiency would
greatly reduce the capital requirements for adding new ironmaking capacity. Also, as
mentioned above, a process that could use coal and unprepared ore directly would
eliminate the additional capital requirements of coke making and pelletizing/sinter
plants. As was discussed previously, the direct use of hot metal in the EAF as a scrap
substitute offers the advantage of excellent process flexibility in terms of electrical
versus chemical energy usage and in product quality. The combination of a new
technology for small-scale hot metal production with the EAF minimill concept could
offer a new route to high quality steel products with very favorable economics.

Operational flexibility—Although recent advances in blast furnace productivity
exhibit that the process can be operated at a range of production rates, even greater
flexibility would be advantageous.The economics of steelmaking are very sensitive to
the cycles of economic boom and slowdown. Therefore, an ideal process would be
capable of operating at a range of production rates without compromising efficiency or
the economics of the process. Because the production costs associated with a new
process will not vary significantly from those of conventional processes, the
economics of the overall process are largely tied to the capital costs of the process.
Provided production costs do not increase dramatically, a process with lower capital
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costs can be operated at lower production rates while maintaining profitability.

Capability of producing steel or low carbon iron directly—The highly reducing
environment of the blast furnace produces “hot metal” or carbon saturated iron (~5
wt.% C). However, most steel products have a carbon content of less than 1 wt.% C.
During oxygen steelmaking, most of the carbon is removed via reaction with injected
oxygen to form carbon monoxide. This practice has evolved over centuries as a result
of the extreme difficulty in controlling the reduction of iron ore to low-carbon iron in a
highly productive and cost-effective process. Using modern monitoring and control
technologies and expanded fundamental knowledge of reaction thermodynamics and
kinetics, a new process capable of producing steel or low-carbon iron in a single
continuous reactor might be possible. By this process, the conventional unit processes
of the coke plant, sinter or pelletizing plant, blast furnace, and oxygen steelmaking
furnace could be replaced by a single reactor.

Several new technologies take advantage of the rapid-reaction kinetics and high
specific productivity of smelting reactors to accomplish at least part of the reduction of
agglomerated, lump, or fine iron ore using coal directly. Coal devolatization and
gasification also occurs in the smelter reactor. Volatile hydrocarbon compounds make
up 1015 percent of low-volatile coals and 4045 percent of high-volatile coals.23 In
theory, the high-temperature removal and controlled combustion and/or reaction of
these compounds to CO/CO2 and H2/H20 alleviates some of the environmental
problems associated with conventional coke making.

The Corex process,24 commercialized by Voest Alpine, combines an iron
melter/coal gasifier vessel with a pre-reduction shaft to produce a liquid product that is
very similar to blast furnace hot metal. Coal, oxygen, and pre-reduced iron are fed into
the melter/gasifier to melt the iron and produce a highly reducing off-gas. The
primarily CO-H2 off-gas is then fed through a pre-reduction shaft furnace, where lump
and/or agglomerated ore is reduced to over 90 percent for feeding into the
melter/gasifier. The gas exiting the pre-reduction shaft still has a very high energy
content, which can be used elsewhere in the steel plant or for electric power
generation. Voest Alpine and POSCO jointly continued to develop the original
commercialized process, leading to several important modifications including the
limited direct reduction and smelting of ore fines 25 . If the high energy content of the
exhaust gas from the reduction shaft is not utilized, the Corex process requires a
relatively high fuel rate as compared with a blast furnace. Although Corex has a
relatively high capital cost 23 , it is so far the only smelting process to be operated on a
commercial scale. The first commercial Corex plant with a capacity of 300,000 tonnes
per year began production in 1989. Other installations are operating, under
construction, or planned in Korea, South Africa, and India.

In the HIsmelt process, iron reduction and coal gasification take place in a liquid
metal bath. The fundamental processes of HIsmelt began with early experiments in
Englishy with bottom-blown oxygen steelmaking converters (LD, LD-AC, KMS,
among others) to allow for coal, lime, and/or iron ore injection through the bottom
nozzles.26 Experiments with combination blown oxygen converters serendipitously
discovered that simultaneous bottom oxygen blowing and soft or low velocity top
oxygen blowing resulted in post combustion of the decarborization product gases in
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the area above the bath. High heat transfer rates from the hot post combusted gasses to
the metal bath were achieved via heat transfer to metal droplets ejected into the gas
above the bath, which then fell back into the molten pool. Bottom injection of coal
augmented this post-combustion phenomenon and allowed for significantly increased
scrap melting (100% in the KS process) or smelt reduction of iron ore. Early
experiments by Klockner Werke and CRA (now Rio Tinto) with smelt reduction via
simultaneous bottom injection of coke and ore into a KMS converter indicated that the
reduction reaction kinetics were extremely fast and that the iron reduction, coal
gasification, and post combustion reactions could be predicted and controlled. A small-
scale test facility was built in Englishy in 1984 to produce hot metal.

In 1989, CRA and Midrex formed a joint venture to build a demonstration plant
in Western Australia to further develop the HIsmelt process. Since that time, the
process has been significantly modified, simplified, and improved, allowing for
extended continuous operation and very high specific productivity performance. The
extensive pilot scale testing in Australia resolved many of the technical problems, such
as refractory wear, post-combustion control, and slag-foaming control, which limit the
stable operation of all bath smelting processes.27 One unique feature of HIsmelt is that
all reactants are injected through submerged lances. Pilot scale testing data indicate
that this results in much better coal utilization than with top-charged processes. Like
Corex, HIsmelt produces a hot exhaust gas with significant thermal and chemical
energy content, which can be used for pre-reduction and pre-heating of the iron feed or
on-site power generation. A production-scale demonstration HIsmelt plant producing
around 600,000 tonnes per year is planned for Kwinana, Western Australia.

Simultaneous independent development of the direct iron ore smelting (DIOS)
process in Japan 28-30 and the AISI direct steelmaking process in North America
31,23 produced two similar routes to hot metal production. Both processes utilize a
smelting reactor where the primary reactions occur in a deep slag bath as opposed to in
the metal phase as in HIsmelt. Pre-reduced iron ore, coal, and oxygen are injected into
a deep steel-making slag. The coal is devolatilized and partially combusted to CO. The
uncombusted coal char either directly reacts with iron oxide dissolved in the slag to
form iron and carbon monoxide or dissolves in the iron bath. Dissolved carbon in the
metal also reacts with iron oxide in the slag to form iron and carbon monoxide. Stirring
gas injected through the bottom of the reactor and gas evolved within the slag and at
the slag-metal interface result in foaming of the slag and energetic mixing and
intermixing of the slag and metal phases. Secondary low-velocity oxygen is injected
either above or into the top portion of the slag layer to partially post-combust the CO
and H2 produced by coal devolatilization, combustion, and iron-oxide reduction
reactions. The thick slag layer separates the iron-carbon melt and char from the
oxidizing post-combustion products, providing a medium for heat transfer. The exiting
gas 1s then used to preheat and pre-reduce the iron ore feed materials. The DIOS
process uses a series of fluidized bed reactors for preheating and pre-reduction of iron
ore fines. The AISI process uses a Hyl or Midrex type shaft furnace for pre-reduction
and must use primarily lump or agglomerated ore as its feed material. In these smelter
reactors, post combustion provides approximately 60% of the required energy.
However, uncontrolled post combustion or poor heat-transfer efficiency downward to
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the bath can cause excessive slag foaming, damage to the reactor, and generally
unstable operation. Precise process control is required for stable operation. Pilot-scale
plants of both the DIOS and AISI smelter processes have been built and operated using
a variety of feed materials, including low and high volatile coals, different types of ore,
and steel mill waste-oxide materials. The AISI smelter has been evaluated as a
potential method for the recycling of high iron content steel mill waste oxides. No
commercial production facilities are currentlyplanned for these two processes.

Several additional combinations of smelting reactors and pre-reduction reactors
are also under consideration. The cyclone converter furnace (CCF), developed initially
by Hoogovens Staal BV, has been considered for use in combination with the bath
smelting reactors described previously.23 In the CCF, iron-ore fines are introduced at
the top of the furnace and hot off-gasses from the smelter reactor enter from the
bottom. The feed gas heats and partially reduces the descending iron ore. Injected
oxygen partially combusts the gas, providing enough heat to melt the iron oxide before
it exits the converter. The intensive mixing of the swirling gasses and iron-ore fines
promotes excellent heat transfer. Hoogovens evaluated the commercial scale-up of a
process combining the CCF with a DIOS type smelter.

The Center for Iron and Steelmaking Research at Carnegie Mellon University is
currently conducting a study, partially sponsored by the U.S. Department of Energy,
regarding the use of biomass energy sources for hot-metal production.32 The scheme
that is currently being evaluated uses a rotary hearth furnace to heat and partially
reduce composite pellets of iron ore fines and wood char. These pellets are then fed
into an AISI smelter or DIOS-type reactor, where the final reduction and melting
occurs. The off-gas from the smelter would be fed back to the rotary hearth to provide
a portion of the energy requirement of that reactor.

Il Say in Russian what new things you have learned about heat treatment from the
text.

I11. Find a sentence in each paragraph that expresses its main idea. Give reasons
for your choice.

IV. Present the text in writing (10-15 sentences).

TEXT 3
DIRECT STEELMAKING

I. Read the text, try to explain its title.

A process which could produce steel or low carbon iron directly and
continuously would be a revolutionary development in ferrous process metallurgy.
The AISI direct steelmaking project evaluated a continuous refining process for the
conversion of hot metal as from a bath smelter to steel.10 The project studied a
single zone and two zone reactors. In the two-zone reactor, hot metal is
decarborized to approximately one percent carbon. Final decarborization occurs in
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the second reactor. It was found that the slow kinetics of the final oxidation of
carbon from iron at low concentrations resulted in excessive oxidation of the iron
and related control and containment complications. IRSID had developed a unique
design for a continuous steelmaking reactor, which has been tested on a
demonstration scale.10 The IRSID continuous-steelmaking process decarborizes
hot metal in a slag-metal emulsion, which results when oxygen is impinged upon
the entering hot metal. Due to the violent stirring and large metal droplet surface
area present in the emulsion, mass transfer rates in the IRSID reactor are predicted
to be 3.3 to 5 times higher as compared with a BOF. However, the violent nature of
this reactor may also result in rapid refractory wearand containment problems.

The IFCON process, developed by ISCOR in South Africa, is capable of
producing steel directly from coal and iron ore.1 In this process, coal and ore are
added continuously to a channel type induction furnace containing a slag-metal
bath. Electrical energy is supplied by the induction furnace for heating and stirring
the bath. Oxygen is added for post combustion of hydrogen and carbon monoxide
released from the iron reduction reaction and the coal. Although the claims of this
process are truly revolutionary, few details regarding the process or test results have
been reportedpublicly.

Il. Read the text again, write out the key words that explain the topic of the
article.

I11. Annotate the text orally and in writing (the annotation - not more than 500
characters).

TEXT 4
DIRECT IRON AND STEELMAKING CHALLENGES

I. Read the text and see what high-tech ideas are set out in it.

Because the new iron and steelmaking technologies described previously share some
common attributes, they also share some common technical challenges.33 For example,
technologies that use coal directly will have to deal with higher levels of sulfur than the blast
furnace. Coal contains both volatile organic sulfur and mineral sulfur as FeS. During coke
making and initial coal pyrolisis in smelting reactors, the organic sulfur is driven off primarily
as H2S. In the blast fumace and smelter reactors, mineral FeS dissolves in the slag and a
portion is transferred to the metal. In coke making, the volatile organic sulfur is captured and
processed. During smelting, the H2S will exit with the exhaust gas, where it will likely react
with CaO and FeO dusts to form CaS and FeS. Subsequent dust recycling will result in
dissolution of these phases in the slag and eventual transfer to the metal. In addition, higher
FeO levels in bath smelting slags as compared with the blast furnace will also promote higher
sulfur transfer from the slag to the metal phase. As a result, highly efficient hot metal
desulfurization practices will be necessary when using bath smelter metal to produce high
quality steel products. Fundamental research at Camegie Mellon University regarding the
kinetics of sulfur transfer resulted in the development of a kinetic model that can be used to
predict and control sulfur in smelter metal.34
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New iron-making processes that use coal directly will generate a large volume of carbon
monoxide, hydrogen, and hydrocarbons, which must be utilized to avoid condensation of
complex and hazardous hydrocarbon compounds and improve the energy efficiency of the
processes. Most new technologies under investigation use some form of post combustion to
supply a large amount of the energy required for the endothermic reduction of iron oxide. The
post-combustion degree (PC) can be measured as the proportion of the combustion products
and reactants in the off gas of the reactor.

PC =

CO, + H,O

CO, + H,0+ CO + H,

In conventional reactors such as the BOF and EAF, additional oxygen injected at low
velocity above the slag-metal bath combusts CO and H2 to CO2 and H20, releasing a large
amount of heat energy. However, the oxidizing product gasses must be shielded from the
metallic iron and carbon in the metal and char to prevent depost-combustion reactions,
namely:

CO,+C®2CO

CO, + Fe ® FeO + CO

H, 0+ C® H2 + CO,

HzO + Fe ® FeO + H2

These reverse reactions can make it very difficult to attain high degrees of post
combustion when the hot metal and post combustion gasses are in intimate contact. At the
same time, the intended goal of post combustion is to transfer the heat generated by the
combustion reactions downward to the slag and metal. Poor heat-transfer efficiency (HTE) to
the slag and metal can result in an unacceptable increase in thermal load imposed on the
vessel roof and sidewalls and the gas handling system. In bath-smelting reactors, the iron
reduction and coal pyrolisis reactions are endothermic, thus heat transfer to the site of the
reactions can be a rate-limiting factor for the process. In addition, special care must be taken
when designing the gas handling system for bath-smelting reactors. The large volumes of hot
gas produced and high particulate content of the gas can easily overwhelm an nsufficient
system. The HIsmelt process uses preheated air instead of oxygen for post combustion.26
The post-combustion products are diluted by the nitrogen content of the air, allowing for
simultaneous high post-combustion degrees and high heat-transfer efficiency. This also
increases the total volume of gas exiting the vessel. In the DIOS and AISI smelter reactors,
submerged post combustion, or post combustion in the top portion of the deep slag layer
using submerged oxygen injection, was investigated.33 Combustion within the slag layer
should result in high heat-transfer efficiencies from the post combustion reactions to the slag
and, subsequently, to the metal. If the post combustion is limited to only the top portion if the
slag bath, the metal droplets and char should be shielded from the oxidizing product gasses by
the thick slag layer. Both the potential benefits and limitations of post combustion were
studied extensively for each of the bath-smelting processes described above. Experience
gained from the continued development of post combustion systems for conventional reactors
will aid in the design of future post-combustion systems for bath-smelting reactors.

Steelmaking slags tend to foam when gas is passed through them. The properties of slag
(i.e., high viscosity and high surface tension) are such that the kinetics of bubble film rupture
are relatively slow, and thus, bubbles tend to form stable rafts. Slag foaming is a feature of
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most conventional steelmaking processes. In the modern EAF, maintaining a stable foamed
slag to submerge the arc is critical for high productivity operation. In the BOF, controlling
slag foaming is important for the prevention of slag slopping from the vessel during
processing. In the deep slag-melting processes such as DIOS and the AISI smelter, a highly
stirred, foamy slag forms the medium in which the iron reduction and coal pyrolisis reactions
take place. A large amount of gas is passed through or generated within the thick slag layer
due to bottom stirring gas injection and the in situ production of carbon monoxide and
hydrogen from the reduction, pyrolisis, and combustion reactions. The control of slag
foaming is critical to the stable operation of the processes. The fundamentals of slag foaming
were studied extensively on a laboratory scale 35,36 and also in the actual pilot-scale reactors
28-31.

It was found that by maintaining a certain amount of char in the smelter slag and/or
operating at an elevated pressure-slag foaming could be controlled to an acceptable degree.

Process monitoring and control are critical for stable operation of smelting reactors. The
development or implementation of inexpensive, durable sensors capable of continuous real
time measurement of key process parameters, such as slag height, post combustion degree,
temperature, reactant feed rates, and possibly slag and/or metal chemistry, are critical to the
commercial success of a smelting process. Significant recent advancements have been made
in the development of such technologies for use with conventional iron and steel-making
processes.37

All the bath-smelting reactors described previously are vigorously stirred reactors
intended for continuous operation possibly at elevated pressures. Refractory wear is a
significant concemn for bath smelting processes and all conventional iron- and steelmaking
processes. The use of water-cooled panels can alleviate this problem, but also reduces the
energy efficiency of the process. The development of erosion-resistant refractories and hearth
designs, combined with water-cooled panels in problem areas, has significantly extended
blast furnace hearth life. Reliable containment is possible in similar solutions for smelting
reactors, but continued refractory development will make these and conventional processes
more reliable.

Refer to the text orally (10-15 sentences).
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HPUJIOKEHUSA K PASJEJLY TPAMMATUKA
HNPUJIOKEHHUE 1
I'pynnbl MecTouMeHM

[To cBOEMYy 3HAUCHHIO MECTOMMEHHUS B QHTJIUHCKOM SI3BIKE ACIATCS HAa HECKOJIBKO
TPYIIIL:
o JInyHbIC
v UMEHMTENLHBIN / 00beKTHBIN magex (Who?/kmo?; what?/umo?):
I, you, he / she / it, we, you, they
v’ 00BEKTHBIE TANCKU (Komy?/uemy?; kem?/uem?,; 0 kom?/o uém? u m.o.):
me, you, him / her / it, us, you, them
o IlpuTskatrenbHbIC
v’ npucoenunsemas GopMma (m.e. cmasumcs nepeo CyujecmeumenbHbiM):
my, your, his, her, its, our, their
E.g.: This is my apple. — 310 M0¢€ 516710KO.
v’ abcomroTHas GopMa (m.e. ucnonbsyemcs 6e3 CyuecmeumenbHo20):
mine, yours, his, hers, its, ours, theirs
E.g.: This apple is mine. — 91o s16;10k0 MOE.
e YKazareJbHbIC
This — stoT, that — ToT, these — atH, those — Te, such — Takoit
o Bo3sBparHbie
myself, yourself, himself, herself, itself, ourselves, yourselves, themselves
o B3saumnelie
each other — apyr apyry, one another — oqun npyromy
» BomnpocurenbHbie
who, what, which, whose, whoever, whatever, whichever
o OTHOCHUTEIBHEIC
who, whose, which, that
o Heonpenenennunie
some, something, somebody, someone, any, anything, anybody, anyone
o OTpunarTenbHbIC
no, nothing, nobody, no one, none, neither
o PaznenurenbHbIe
another, other
e YHHMBEPCAILHBIC
all, each, both, either, every, everything, everybody, everyone
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KosanuyecrBenuble How many? — Ckonbko?

MMPUJIOKEHHUE 2

KouyecTBeHHBbIE U NMOPAAKOBBIC YUCIUTEC/IbHBIC

Iopsiakosbie Which? — Komopwiii?

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1 one
two
three
four
five
SiX
seven
eight
9 nine
10 ten
eleven
twelve
thirteen
fourteen
fifteen
sixteen
seventeen
eighteen
nineteen
twenty
twenty-one
twenty-two
twenty-three
twenty-four
twenty-five
30 thirty
40 forty
50 fifty
60 sixty
70 seventy
80 eighty
90 ninety
100 a (one) hundred
101 a (one) hundred and one
116 a (one) hundred and sixteen
125 a (one) hundred and twenty-five
200 two hundred
500 five hundred
1,000 a (one) thousand
1,001 a (one) thousand and one
1,256 a (one) thousand two hun-
dred and fifty-six
2,000 two thousand
25,000 twenty-five thousand
100,000 a (one) hundred thousand
1,000,000 a (one) million
1,000,000,000 a (one) milliard B
Anrmuy; a (one) billion B CIIIA

0N D b~ WD

1" first

2" second

3 third

4™ fourth

5™ fifth

6" sixth

7" seventh

8" eighth

9™  ninth

tenth

eleventh

twelfth

thirteenth

fourteenth

fifteenth

sixteenth

seventeenth

eighteenth

nineteenth

twentieth

twenty-first

twenty-second

twenty-third

twenty-fourth

twenty-fifth

thirtieth

fortieth

fiftieth

sixtieth

seventieth

eightieth

ninetieth

hundredth

hundred and first

hundred and sixteenth

hundred and twenty-fifth

200" two hundredth

500™ five hundredth

1,000" thousandth

1,001* thousand and first
1,256th thousand two hun-
dred and fifty-sixth

2,000™ two thousandth

25,000" twenty-five thousandth

100,000" hundred thousandth

1,000,000™ millionth
1,000,000,000™ milliardth wmu bil-
lionth

23rd
2 4th
2 Sth
30th
40"
500
60"
700
go™
90h
100
101*
116™
1250
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Infinitive
be [bi:]
beat [bi:t]

become
[bi:kam]

begin [bi'gin]
bleed [bli:d]
blow [blou]

break [breik]
bring [brin]
build [bild]
burn [b3:n]
burst [b3:st]
buy [bai]

catch [kaet/]

choose [tfu:z]
come [kam]
cost [cost]
creep [kri:p]
cut [kat]

do [du:]

draw [dro:]
dream [dri:m]
drink [drink]
drive [draiv]

eat [i:t]

HHPUJIIOXKXEHUE 3

Tabanna HenmpaBUWIbHBIX IJ1aroJ0B

Past simple

was [woz], were [w3:]

beat [bi:t]

became [bi:keim]
began [bi'gen]
bled [bled]

blew [blu:]

broke [brouk]
brought [bro:t]
built [bilt]
burnt [b3:nt]
burst [b3:st]
bought [bo:t]

caught [ko:t]

chose [Jouz]
came [keim]
cost [cost]
crept [krept]
cut [kat]

did [did]

drew [dru:]
dreamt [dremt]
drank [draenk]
drove [drouv]

ate [et]
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Past participle IlepeBon

been [bi:n]

beaten ['bi:tn]

OBITH

OUTH

become[bi:kam] cTanoBUTHCS

begun [bi'gan]
bled [bled]

blown [bloun]

broken
['brouk(e)n]

brought [bro:t]
built [bilt]
burnt [b3:nt]
burst [b3:st]
bought [bo:t]

caught [ko:t]
chosen

[tfouz(a)n]
come [kam]
cost [cost]
crept [krept]
cut [kat]

done [dan]
drawn [dro:n]
dreamt [dremt]
drunk [drank]
driven ['drivn]

caten ['i:tn]

Ha4YuHAaTb
KpOBOTOYHUTH

Iy Th

JOMaTh
MPUHOCUTH
CTPOUTH
ropeThb
pa3pasurbes

NOKYyNaTh

JIOBUTD,
XBaTaTh

BBIOMpATH
IPUXOUTh
CTOUTh

10JI3aTh

pe3aTh

JIeNaTh

pHCOBaTh, TALIUTD
MeYTaTh, IpeMaTh
UTh

BOJUTD

€CTh



fall [fo:1]
feed [fi:d]
feel [fi:1]
fight [fait]
find [faind]

fit [fit]
fly [flai]

forget [fo'get]

forgive [fo'giv]
freeze [fri:z]
get [ get |
give [giv]
go [gou]
grow [grou]
hang [heen]
have [hav]
hear [hio]
hide [haid]
hit [hit]
hold [hould]
hurt [h3:t]
keep [ki:p]
kneel [ni:1]
know [nou]
lay [lei]
lead [li:d]
lean [li:n]

learn [I3:n]

fell [fel]

fed [fed]

felt [felt]
fought [fo:t]
found [faund]

fit [fit]
flew [flu:]

forgot [fa'got]

forgave [fo'geiv]

froze [frouz]
got [got]
gave [geiv]
went [went]
grew [gru:]
hung [hap]
had [had]
heard [h3:d]
hid [hid]
hit [hit]
held [held]
hurt [h3:t]
kept [kept]
knelt [nelt]
knew [nju:]
laid [leid]
led [led]
leant [lent]

learnt [13:nt]
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fallen ['fo:1on]
fed [fed]

felt [felt]
fought [fo:t]
found [faund]

fit [fit]

flown [floun]

forgotten
[fo'got(a)n]

forgiven
[fo'givn]

frozen ['frouzn]
got [got]
given [givn]
gone [gon]
grown [groun]
hung [hap]
had [heed]
heard [h3:d]
hidden ['hidn]
hit [hit]

held [held]
hurt [h3:t]
kept [kept]
knelt [nelt]
known [noun]
laid [leid]

led [led]

leant [lent]

learnt [13:nt]

najaTh
KOPMUTh
YyBCTBOBAaTh
O00opoThCA

HaXOJUTh

MMOXOJIUTH I10
pasmepy

JIETATh
3a0bIBaTh

IpOLIATh
3amep3aTh
MOJIy4aTh
J1aBaTh
UATH
pacTu
BeIIaTh
UMETh
CIIBIIATh

npsTaTh

[mornaaaTthb B LCJIb

JepxKaTh
yIIHOUTH

CoJIepKaTh

CTOATH Ha KOJICHAX

3HaTb

KJIaCTb

BCCTHU
HaKJIOHATHCA

YUUTh



leave [li:v]
lend [lend]
let [let]

lie [lai]
light [lait]
lose [lu:z]
make [meik]
mean [mi:n]

meet [mi:t]

mistake
[mis'teik]

pay [pei]
prove [pru:v]
put [put]
quit [kwit]
read [ri:d]
ride [raid]
ring [rin]
rise [raiz]
run [rAn]
say [sei]
see [si:]
seek [si:k]
sell [sel]
send [send]
set [set]

sew [sou]
shake [feik]

show [Jou]

left [left]
lent [lent]

let [let]

lay [lei]

lit [lit]

lost [lost]
made [meid]
meant [ment]

met [met]

mistook [mis'tuk]
paid [peid]
proved [pru:vd]
put [put]

quit [kwit]

read [red]

rode [roud]
rang [reer|

rose [rouz]

ran [ren]

said [sed]

saw [so:]

sought [so:t] sought [so:t]
sold [sould]

sold [sould]

sent [sent]

set [set]

sewed [soud] sewn [soun]

shaken

[Jeik(o)n]

shook [fuk]
showed

[foud] shown [[oun]

sent [sent]

set [set]

left [left]
lent [lent]

let [let]

lain [lein]

lit [lit]

lost [lost]
made [meid]
meant [ment]

met [met]

istaken
is'teik(e)n]

paid [peid]
proven [pru:vn]
put [put]
quit [kwit]
read [red]
ridden ['ridn]
rung [ran]
risen ['rizn]
run [rap]
said [sed]
seen [si:n]
UCKaTh
npoaaBaTh
MOCHLUIATh
CTaBUTb

IIUTb
BCTPAXHUBATDH

ITOKa3bIBATb

OCTaBIIATh
3aHUMAaTh
II03BOJIATH
JIeXKaTh
OCBEILATh
TEPATH
IIPOU3BOJIUTH
3HAYUTH

BCTpEYAThH

omndaTsCa
[JIATUTD
JIOKa3bIBaTh
[I0JIOKUTH
BBIXOUTD
YUTATh
€3JIUTh BEPXOM
3BEHETH
[IOJTHUMATBLCS
OeKaTh
TOBOPHUTH

BUICTH



shrink [[rink]
shut [fAt]
sing [sip]

sink [sipk]
sit [sit]
sleep [sli:p]
slide [slaid]

sow [sou]

speak [spi:k]
spell [spel]
spend [spend]
spill [spil]
spoil [spail]

spread [spred]

spring [sprin]
stand [staend]
steal [sti:]]
stick [stik]
sting [stin]

sweep [swiip]

swell [swel]
swim [swim]
swing [swin]
take [teik]
teach [ti:tf]
tear [teo]

tell [tel]

shrank
[Jreepk]
shut [fAt]

sang [s&n]

sank [se@nk],
sunk [sApk]

sat [seet]
slept [slept]
slid [slid]

sowed [soud]

shrunk [[rank]
shut [fAt]
sung [sAn]

sunk [sApk]
sat [seet]
slept [slept]
slid [slid]

sown [soun]|

spoken

spoke [spouk] ['spouk(e)n]

spelt [spelt]
spent [spent]
spilt [spilt]

spoilt [spoilt]

spread
[spred]

sprang
[spreen]

stood [stu:d]
stole [stoul]
stuck [stak]
stung [stan]
swept [swept]

swelled
[sweld]

swam [swem]

spelt [spelt]
spent [spent]
spilt [spilt]
spoilt [spoilt]

spread [spred]

sprung [sprap]
stood [stu:d]

stolen ['stoulon]

stuck [stak]
stung [stan]
swept [swept]

swollen
['swoul(e)n]

swum [swam]

swung [swAn] swung [SWAD]

took [tuk]
taught [to:t]
tore [to:]

told [tould]

taken ['teik(o)n]

taught [to:t]
torn [to:n]
told [tould]
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YMEHBIIATh
3aKpbIBATh

IIETHh

TOHYTb
CUJETh
craTh
CKOJIb3UTh

CCATH

TOBOPUTH

MIPOU3HOCHUTH 10 OyKBam

TpPaTUTh
IPOJIMBATh

MOPTUTh
paccThiIaTh

IpbITaTh
CTOSITh
KpacTb
KOJIOTh
KATUTh

BBIMCTATh

pazoyxaThb
TIaBaTh
KayaTh
Opatb, B3ATh
YYUTh
pBaTh

pacckas3bIiBaTh



think [0ink]

throw [Orou]

understand
[anda'steend]

wake [weik]
wear [wea|]
weep [wi:p]
wet [wet]

win [win]

wind [waind]

write [rait]

thought [60:t] thought [0o:t]

threw [Oru:]

understood
[anda'stud]

woke [wouk]
wore [wo:]
wept [wept]
wet [wet]

won [WAn]

wound
[waund]

wrote [rout]

thrown [Oroun]

understood
[anda'stud]

woken
['wouk(e)n]

worn [wo:n]
wept [wept]
wet [wet]

won [WAn]

wound [waund]

written ['ritn]
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TyMaThb

Opocatb
IOHUMATh

IIPOCHINATHCA
HOCHTDB
IJ1IaKaTb
MOYUTH

BBIMI'PBIBATH

HN3BUBATbHCA

mucaTtb



HNPUJIOXKEHUE 4
penaoru
1. O0mast unpopmaums

IIpensor — 310 ciaykeOHasi YacTh peUM, OTpakarouas MPOCTPAHCTBEHHbIE, BPEMEH-
HbI€, IPUYMHHBIC WU APYTHUE BUIbI OTHOUIEHUN MEXAY ABYMS 3HAYMMBIMU CIIOBAMH.
[Ipeasioru B aHrMTUHCKOM SA3BIKE SIBIISIIOTCS CITY>KEOHOM YacThIO PEUd U KakK CIEeICTBHUE
HE MOTYT YNOTPEOIATHCS CAMOCTOSITENIbHO WM U3MEHsThes. [Ipeaioru He cuutaroT-
Csl WICHAMH MPEJIOKEHUS.

AHTIIMICKUE TIPEJIOTH ACHATCS Ha!

npocThie (simple), mpousBoansie (derived), cnoxubie (compound) u cocTas-
Hble/(hpa3zoBbie (composite/phrasal).

IIpocmuie: in, about, against.

IIpouzeoonsie (MPOUCXOAAT OT CIOB IPYTUX YacTEH peun):
concerning, including, depending, granted.

Crnooichble (BKIIOYAIOT B C€0s1 HECKOJIBKO KOMITOHEHTOB):
within, hereafter, wherewith, whereupon u T.11.

Cocmaenvble (CTOBOCOYETAHUE):
because of, instead of, by virtue of, for the sake of, with regard to u T.1.

2. Paznuuusa 6 ynompedienuu an2iuiiCKux npeodiozoe ¢ pyccKum A3blKom

Hekotopsle riarosibl, KOTOpble TPEOYIOT HAJIUYMs MpEiora B aHTJIUHCKOM SI3BIKE,
UCIIOJIB3YIOTCSl O€3 HEro B PyCCKOM, U HA00OpOT:
to ask for - mpocuth

to wait for - )xnarth

to look for - nuckatp

to listen to - ciymath

to belong to - npuHaIEKaATH

to care for - 100UTH

to explain to - oOOBSICHATH

to answer - oTBe4aTh Ha

to climb - mogHUMATHCA HA

to cross - mepexoauTh Yepe3

to doubt - comHeBaThCs B

to enter - BXOOUTHL B

to fight - 6opoTscs ¢

to follow - cemoBaTh 3a

to join - MPUCOETUHUTHCS K
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to leave - yexatp u3
to need - Hy)X1aThCA B
to play - urpats B

to affect - BIuATH HA

3. Fpammamuuecxoe 3HAYCHUEe AH2TIUICKUX np€0Jl0206

Ecnu B pyccKoM si3bIK€ OTHOIICHHS] MEXAY JBYMSI 3HAUMMBIMH CIIOBAMH YacTO BbI-
paXkaroTcs NP MOMOIIM MaJIekKeN, TO B aHTJIMUCKOM A3BbIKE 3Ty pojb OepyT Ha ceds
npemsioru. [Ipu 3ToM camMu npeiorn He MepeBOASTCS, a COOTBETCTBYIOILIEE UM CY-
IIECTBUTEILHOE CTABUTCS B HY’)KHOM MaJiexKe:

v’ of («koro? 4ero?») — poaMTEIbHBINH MATEK:
This is the hat of Mr. White.
Imo winana mucmepa Yauma.

v to («komy? uemMy?») — JaTeJILHBIA MaIeK:
Send it to my secretary immediately.
Hemeonenno omnpasbme smo moemy cexpemapio.

v by («xem? yem?») — areHTHBHBII TBOPUTEIbHBIN magex. CymecTBu-
TEJIBHOE C MpemsioroM by mcnosnb3yercs g ONMCaHUs IEUCTBYIOLIErO
JIMLA UJIU CUJIBI — TOTO MIIM YEro, YTO COBEPIIAECT HEKOE ACHCTBHE:
This book is written by a famous journalist.
Oma KHuea HaNUCAHA U3BECMHBIM HCYPHAUCTIOM.

v with («4em?») — HHCTPYMEHTAJbHBINA TBOPUTEIbHBIN magex. Cyie-
CTBUTEJIBHOE C MpeajoroM with xapakrepusyer MHCTPYMEHT IE€UCTBUS,
HEYTO, 4YeM ObLIO YTO-TMO0 COBEPIICHO:
Such toys are cut with a knife.
Taxue uepyuwKku 8bipe3aiom HONMCOM.

v’ about («o xoM? 0 ueM?») — NPEAIOKHBINA MMaIEK:
Tell us more about him,
Paccxasicu nam o ném noopoobuee.

4. Mecmo npeonoza é npeodnorxcenuu

OOBIUHO mpeajor, BBIpa}KaI-OHII/Iﬁ OTHOLICHUA MCEXKAY ABYMA CJIOBAMH, pacCIiojiaract-
CiA MCXKAY WK IICPCa HUMU:

We are planning to return in September.
Mpb1 nnanupyem eeprymscs 8 ceHmsope.
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She is sitting under a big old apple tree.
OHa cudum nod cmapoti 60.1bulot A0J0HEII.

Ho B HEKOTOPBIX Cily4asix 3TO MPABUIO MOKET HAPYIIATHCSA:
v B CIICIHMAJIbHBIX BOIIPOCAX:

What are you laughing at?

Hao wem smo mwuir cmeewvca?

v' B HEKOTOPBIX NPEIIOKEHUAX, HAUMHAIOUIMXCS C COIO3HBIX M OTHOCH-
TEJIbHBIX MECTOMMEHUH U B IPUIATOYHBIX TPEII0KCHUSIX:
What I’m really surprised about is this nasty weather.
Yem 5 OeticmeumenbHo YOUBIEH, MAK dMO SMOU YHCACHOU NO2000U.

v B BOCKJIMIATCIIbHBIX ITPEATOKCHUAX:
What a terrible thing to brag about!
Kaxas YorcacHas 6euyy, umobwl xeacmamuocsi!

v B IacCHBHBIX KOHCTPYKIIUSAX:
He doesn’t like to be spoken about.
OH He nrobum, K020a 0 Hem 2080PsMm.

v B HCKOTOPBIX CMHTAKCUYCCKUX KOHCTPYKIUAX C I/IH(I)I/IHI/ITI/IBOM HnJInu 1e-

pPYHIOUEM:
She is so boring to talk to.
C Heu max cKy4HO paz208apueams.

5. Hoanwtit cnucok anznuiicKux npeoiozos

IIpocTthie
aboard Ha OopTy
about KPYTOM, BOKDYT, B, TIe-TO Ha, B TIpe/ieNax, O , OTHOCHTEIILHO, O
above HaJ, 10, 0oJiee, CBHIIIE, BBIIIE
absent (amep.) 6e3, B OTCYyTCTBUE
across gyepes, CKBO3b, 110 TY CTOPOHY
afore BIIEpE]]
after 3a, MocJIe, 1o, I03aau
against poTHUB, B, 0, 000, Ha, K
along BJI0JIb, IO

amid cpenu, MOCpeau, MEXIY
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amidst
among
amongst
around
as

aside
aslant
astride
at
athwart
atop
bar
before
behind
below
beneath
beside
besides
between
betwixt
beyond
but

by
circa
despite

down

except

for

cpeau, IoCpein, MEXKy
MEXy, ITOCpeIn

MEXKy, OCpen

BOKDYT, I10, 32, OKOJIO

B Ka4€CTBE, KaK

B CTOPOHE, MO0JIaJh

nonepex

BEPXOM Ha, II0 00€ CTOPOHBI, HA TTYTH
y, OKOJIO, B, Ha

Monepek, uepes, BOMPEeKHu, IPOTUB
Ha, TOBEPX, HaJl

UCKJII0YAas, 32 UCKIIFOUEHUEM, KPOME
nepe, 110, B

1103aJIu, 3a, IOCJe

HIDKE, 10T

TIOJI, HIKE

pAzioM, 61113, OKOJIO, HIKE

KpoMe

MEXTY

MEXKY

10 Ty CTOPOHY, 3a, BHE, IT03KEe, CBEPX, BHIIIIE
KpOMe, 3a UCKIIFOUCHUEM

y, OKOJIO, MUMO, BJIOJIb, Yepe3, K, Ha
PUOIM3UTENBHO, PUMEPHO, OKOJIO
HECMOTpS Ha

BHU3, C, 10 TEYEHUIO, BHU3 110, BAOJIb 110, 10, HUXKE, YEPE3,
CKBO3b

HCKIIIO4Yas, KpoMe

Ha, B, B TCUCHUE JHA, 33, PaJH, K, OT, 10 OTHOILLICHUIO, B OT-
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HOIIICHKWH, BMCCTO

from oT, U3, C, 110, U3-3a, ¥

given P YCIIOBUU

in B, BO, Ha, B T€UEHHE, 3, Yepe3, Y, K, U3

inside BHYTPH, BHYTPb, C BHYTPEHHEW CTOPOHBI, HA BHYTPEHHEN
CTOpOHE

into B, Ha

like TaK; KaK 4To-JI.; MOAOOHO YeMy-JI.

mid (ot "amid") MEXy, TOCPEIn, CPear

minus 0e3, MUHYC

near OKOJI0, BO3TIE, K

neath I10J1, HIDKE

next psAOM, OKOJIO

notwithstanding HE CMOTPS Ha, BOIIPEKHU

of 0, Y, U3, OT

off c, CO, OT

on Ha, Yy, TIOCIie, B

opposite IPOTHUB, HATIPOTHB

out BHE, U3

outside BHE, 3a IIpe/iesIaMu

over HaJ, Yepes, 3a, 1o, CBhIIIE, O0bIIe, y

pace C TIO3BOJICHUS

per 0, IIOCPEICTBOM, Yepe3, COTIACHO, U3 pacuéTa Ha, 3a, B, C

plus TUTIOC, C

post nocJie

pro TUTSL, pasiu, 3a

qua KaK, B KaUeCTBE

round BOKDYT, 1O

save KpOMe, HCKITIOYast
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since ¢ (HEKOTOpOro BPEMEHH ), ITOCTE
than HEYKEIIH, YEM

through yepes, CKBO3b, 10, B, Y€pPE3 MOCPEICTBO, U3, OT, B MPOJOJIKE-
HHE, B TEYEHHUE, BKIIFOYUTEIBLHO

till bi (e}
times Ha
to B, Ha, K, J10, 03
toward K, Ha, C TEM 4TOOBI, IO OTHOIICHUIO K, OKOJIO, IIOYTH
towards K, Ha, C TEM YTOOBI, 10 OTHOIIEHHUIO K, OKOJIO, TTOUTH
under M0J1, HUXKE, TPU
underneath 3 (o)
unlike B OTJINYUE OT
until bie}
up BBEpPX, 110
versus (COKp. MPOTUB, B CPABHEHUU C (UEM-JI.), B OTIMYHE OT (YE€ro-i.), Mo
«VS.») OTHOIIICHUIO K (4emMy-I1.)
via qyepes
vice B3aM€H, BMECTO
with C, B, OT
without BHE, 0€3, 3a, HE Cle/IaB Yero-imoo
IIpousBoanbie
barring UCKJTIOYast, 32 UCKIFOYEHHEM, KPOME
concerning OTHOCHUTEIIEHO
considering YUUTHIBAs, IPUHUMAsI BO BHUMAHHE
depending B 3aBUCHUMOCTH
during B TEYEHUE, B IPOJOJDKEHUE, BO BPEMS
granted IPH YCIIOBUU
excepting 3a UCKJIFOYCHUEM, HCKITFOYast

excluding 3a UCKJIFOYCHUEM
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failing
following
including
past
pending

regarding

alongside
within
outside
upon

onto
throughout

wherewith

according to
ahead of
apart from
as far as

as for

as of

as per
as regards
aside from
as well as
away from
because of

by force of

32 HEUMEHHEM, B CIy4ae OTCYTCTBUS
IocJe, BCJIe 3a
BKJIFOYAsl, B TOM YKCJIE
3a, MocJie, MUMO, CBEPX, BBIIIIE
B MIPOJIOJDKEHUE, B TEYCHUE, J10, BIUIOTH
OTHOCHTEJILHO, KaCcaTeIbHO
Cio:KkHBIE

OKOJIO, PSJIOM, Y
BHYTpH, BHYTpPb, B TIpeieTIaX, HE Jayee, He TO3HEE YeM
BHE, 3a IIpejieiaMu, 32 UCKIIOUEHUEM
Ha, y, 1oclie, B
Ha, B
yepes, 10 BCel IIIONIaau, IJIMHE, Ha BCEM MPOTSKEHUU
4yeM, IMOCPEACTBOM KOTOPOTO

CocTraBHbIE
COTJIACHO
710, B TIPEIIBEPUU
HECMOTpS Ha, HEB3Upas HA
hi(o)

9TO KacacTCsa

C, HAaUMHAasA C; Ha JICHb, Ha JaTy; HAa MOMEHT, OT (TaKOT0-TO

quca)

COTJIaCHO

4TO KacaeTcsi, B OTHOIICHUH
MIOMHUMO, 32 HCKITIOYCHUEM
KpoMe, Hapsiy

OT, B OTCYTCTBHE

u3-3a

B CHIIY
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by means of
by virtue of
close to
contrary to
due to

except for

far from

for the sake of

1n accordance
with

in addition to
in case of

1n connection
with

in consequence of

in front of

in spite of

in the back of
in the course of
in the event of
in the middle of
in to (into)
inside of
instead of

in view of

near to

next to

on account of

on to (onto)

OCPEACTBOM
B CHITy, HA OCHOBaHUU
pSIIOM C

IIPOTHUB, BOTIPEKU
Omaromapsi, B CHITy, U3-3a
KpoMme

JTaJIeKO He

paau

B COOTBC€TCTBHHU C

B JIOTIOJTHEHUE, KPOME
B ClIyyae

B CBA3H C

BCJIC/ICTBUE, B pE3yJIbTaTe
BIIEpETN

HECMOTpS Ha

c3a]H, 1M03au

B TCUCHHUE

B CJIy4ae, e€cliu

TocepeInHe

B, Ha

3a (Kakoe-JI BpeMsl), B TCUCHHUE
BMECTO

BBH]LY

pSAIOM, TTOOJIU30CTH

pAAOM, TOOTM30CTH

10 MPUYUHE, U3-3a, BCICACTBUE

Ha
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on top of Ha BEpIINHE, HABEPXY

opposite to MIPOTHUB

out of U3, U3HYTPH, CHAPYKH, 32 TIpeIeTIaMu
outside of BHE, IOMHMO

owing to u3-3a, Oarogaps

thanks to osarogaps

up to BILIOTH /10, HA YPOBHE

with regard to OTHOCHUTEJIBHO, IO OTHOIIICHUIO

with respect to OTHOCHUTEIBHO, 10 OTHOIIEHUIO
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