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UNIT 1. METALLURGICAL PROCESSES 

 

Text 1 

My profession 

 

I am going to beсоmе а metallurgical engineer in the spe-

ciality of plastic shaping of metals. Plastic shaping of mеtаls as 

the method оf producing а large variety of articles has bееn 

known for many years. At present plastic shaping of metals is 

known to involve the following major techniques: forging, 

stamping, strip rolling, shаре rolling, tube rolling, drawing.  

Тhе process оf plastically deforming metal is known аs 

rolling and is the most widely used hot-working method. Roll-

ing is considered to be the most economical process for produc-

ing а large quantity of simple shapes on corresponding rolling 

mills. Rolling mills аrе of several basically different designs, 

the choice depending upon the type of rolling to bе done. For 

example, for the first rolling operations оn cast ingots, а two-

high reversing mill or а three-high mill is commonly used.  

Тhe most striking feature оf а rolling mill, which is usual-

ly attached to a metallurgical plant, is that all its operations are 

automatized and remote-controlled, with TV screens to help the 

operator watch the whole sequence of operations.  

Тhе achievements of modern computer techniques oреn 

extensive prospects in the automation оf production processes. 

Тhe application оf computers in the control of production pro-

cesses enables metallurgists to establish optimum parameters in 

these processes. Тhе application оf а continuous operation se-

quence (rolling, heat treatment, finishing, marking, etc.) is typi-

cal оf up-to-date rolling departments. Continuous mills enable 

metallurgists to automatize the production process and to per-

form rolling at the highest speeds.  

Тhе development of rolled metal production is character-

ised bу the extension of the type and size ranges of rolled prod-
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ucts. Heat treatment of rolled products must bе extensively ap-

plied. The introduction оf heat treatment for hot rolled sheets, 

plates, sections and tubes оf carbon and low-alloy steels will 

aid in increasing the strength and other desirable properties оf 

the steel.  

Тhе knowledge оf all fabricating processes is believed to 

bе necessary for аnу metallurgist in order that he mау choose 

the most advantageous and economical techniques.  

Words and word combinations: 

involve – включать 

techniques - способы, методы, техника  

design - конструкция 

ingot - слиток 

feature – особенность, характерная черта 

attach – прикреплять, присоединять 

remote - controll – дистанционное управление 

screen – экран 

extension - расширение 

enable – помогать, давать возможность 

establish – устанавливать 

introduction – введение 

depend upon – зависеть от 

sequence – последовательность, принцип 

rolling department – прокатный цех 

the type and size ranges – сортамент 

hot-rolledsheets – горячекатный листовой прокат 

plate – пластина, толстый лист 

sections – прокатный профиль 

aid – помогать 

advantageous – выгодный, благоприятный 

choose - выбирать  
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Text 2 

Types of Metallurgical processes. Ores. Metal extraction 

 

1. Metallurgical industry is generally divided into ferrous 

(iron and steel production) and non-ferrous (production of non-

ferrous metals and their alloys) 

2. Metallurgical processes can be subdivided into the fol-

lowing areas: 

1) Mineral Dressing - liberation of minerals from ores by 

crushing and grinding and their separation by physical meth-

ods, e.g. magnetic and electric methods, flotation, etc. 

2) Extractive. Metallurgy - chemical methods for treating 

an ore to recover the metal in a pure form. 

3) Processing of metals in molten state - alloying, casting, 

welding, etc. 

4) Mechanical metallurgy - processing of metals in solid 

state, e.g. rolling, forging, etc. 

5) Physical Metallurgy - heat-treatment, control of physi-

cal properties of metals, crystal structure of metals and alloys, 

metallographic. 

3. Almost all metals are recovered from ores. An ore is a 

natural agglomeration of elements or compounds whose chemi-

cal composition, physical form, location and extent permit the 

extraction of a metal or metals at a profit. 

4. The first step of winning the ores is to find them. A 

search for an ore deposit is called prospecting. And whatever 

methods be used to find a deposit full geological survey1 should 

be made to determine the extent of the deposit and the geologi-

cal complexity of the region. Unless it is done, no mining oper-

ations are commenced. It is desirable that an ore body be mined 

by a method appropriate to its size, shape and depth below the 

surface. Ore as mined may be in lumps up to several feet and it 

should be crushed lest the equipment be damaged. 

5. Chemically an ore may contain 3 groups of minerals: 
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1) Valuable minerals of the metal which is being sought2:  

2) compounds of the metal which is of secondary value;  

3) gangue. 

6. The metal content of an ore is called the tenor which is 

generally expressed as a percentage, or in case of precious met-

als, in ounces per ton. The tenor of an ore need not have an up-

per limit, the richer the better. The lower limit, however, is 

fixed by economic considerations such as the nature of the de-

posit, its size, location, metal price, cost of the extraction pro-

cess. 

7. Ores may yield a single metal (simple ores) or several 

(complex ores). Ores that are generally processed for only a 

single metal are those of iron, aluminium, chromium, tin, mer-

cury, manganese, tungsten and some ores of copper. 

8. While some iron ores contain 50% iron and can be 

charged directly into the blast furnace, ores of some non-

ferrous metals, e.g. copper are on the average less than 1/10 as 

rich and must be treated by ore-dressing methods in order to 

yield a product that can be smelted profitably. Ore-dressing op-

erations are divided into comminution - crushing and grinding 

the ore to free the mineral particles from the gangue, and con-

centration which may be done by various techniques, such as 

flotation (an operation in which an air bubble is attached to a 

mineral particle and it floats to the top of a tank of water as if it 

were soap bubble),- magnetic separation (an operation which 

distinguishes magnetic from non-magnetic minerals) and gravi-

tation (an operation which separates minerals by specific gravi-

ty). 

9. Roasting and calcing3 are sometimes considered as part 

of ore dressing probably because they have been used, particu-

larly in the iron industry to effect preliminary removal of H2O 

and CO2; at the same time it is necessary that the ore lumps be 

made more permeable lest they should block the passage of 

gases inside the blast furnace.  
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10. Ore dressing is followed by agglomeration which is 

done by sintering or palletizing.  

11. The metal itself is produced either by the process of 

reduction in the blast furnace and processes of direct reduction 

(for iron production) or by three major extraction processes 

used in non-ferrous metals production, viz. pyrometallurgical, 

hydrometallurgical and electrometallurgical methods. 

12. Any extraction process is a sequence of operations 

each of which has the purpose preparing the material as well 

and as cheaply as possible for the next operation. The tendency 

in extractive metallurgy is always twofold: 

1) Processing of ores that are getting poorer and poorer; 

2) Preparation of metals in a higher and higher purity. Ex-

tractive metallurgists are interested in the design of new pro-

cesses as well as the analysis and improvement of those already 

existing to increase yield and to lower costs of production. 

 

Notes: 

1) geological survey – геологическое обследование 

/запасов/ 

2) of the metal which is being sought –разведуемого 

металла 

3) roasting and calcing – обжиг и офлюсование 

/кальцинирование/ 

 

Ex.1. Fill in the table: 

Table 1.Metallurgical Processes 

Type of the Metallurgical Process Type of Technological 

Processes 

Mineral dressing 

Extractive Metallurgy 

Processing of metals in molten state 

Mechanical Metallurgy 

Physical Metallurgy 
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Ex.2. Find in Text A a definition of a) an ore; b) the 

tenor of an ore; c) the flotation process. 

 

Ex.3. Study the diagrams: 

Principal Processing Steps in Metal Production: 

Prospecting 

Mining 

Mineral Dressing: a) Crushing;  

b) Grinding 

c) Roasting and Calcing 

Concentration:  a) Flotation 

b) Magnetic Separation 

c) Gravitation 

Agglomeration: a) Sintering 

b) Pelletizing 

Metal Extraction 

Ferrous Metals  Nonferrous Metals 

a) blast furnace                a) pyrometallurgy 

b) direct reduction            b) hydrometallurgy 

c) electrometallurgy 

 

Ex.4. Complete the following sentences with the words 

given below, than put the sentences in the correct order as 

indicated by the diagram. 

first                   subsequently             at this stage 

then                  finally                        it is followed by 

after this           initially                     during this process 

l.  ... the ore is mined.  

2. The ... stage of ore processing is mineral dresssing. 

3.  ... prospecting is done. 

4. The ore is ... crushed, ... ground and sometimes grind-

ing ... ... by roasting and calcing.  

5.  ... much of the gangue is removed.  

6. Mineral dressing ... ... by concentration.  



 10 

7. ... agglomeration is carried out. 

8. ... ... ... H2O and CO2 are removed from the ore. 

9. ... ... ... pure metal is extracted. 

10. ... metal extraction is done. 

 

Ex.5. Describe the diagram orally. 

 

Ex.6. Choose the correct answer to the following ques-

tions.  

1. What is the first step of winning the ores?  

a) to find the deposit; 

b) to mine the ore; 

c) to make a geological survey. 

2. What is the lower limit of the ore tenor fixed by? 

a) by geological considerations; 

b) by economic considerations; 

c) by the ore composition.   

3. When is most of the gangue removed from the ore? 

a) during metal extraction; 

b) during agglomeration;  

c) during ore dressing. 

4. What are the two processes of agglomeration?   

a) sintering and palletizing; 

b) flotation and gravitation; 

c) roasting and calcing. 

 

Ex.7. Say whether the following statements are true or 

false. Correct the false statements. 
1. Most of H2O and C02 is removed during agglomera-

tion.  

2. Much of the gangue is removed before the ore is con-

centrated.  

3. Most of the gangue is separated from the ore during 

flotation. 
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4. Concentration is followed by ore-dressing.  

5. There are two. Agglomeration processess: sintering 

and pelletizinge.   

6. Non-ferrous metals are extracted in the blast furnace.  

7. The task of an extractive metallurgists is to design new 

processes and not to improve the existing ones. 

 

Text 3 

Combustion 

 

The reaction whereby a fuel is burned is known as com-

bustion. Any substance that oxidizes to produce useful heat is a 

fuel. The most common fuels are coal, coke, fuel oil, fuel gases, 

charcoal, and wood; but in some metallurgical operations there 

are other substances that act as fuels, particularly silicon, man-

ganese, and metallic sulphides. In industry by the term fuel we 

ordinarily mean such substances as coal, coke, and fuel oil. The 

bulk of the combustible substances in these fuels are carbon, 

hydrogen, and various compounds of carbon and hydrogen, the 

principal products of the combustion being C02 and H20. 

Combustion of fuels is commonly employed for such op-

erations as smelting, refining, melting for casting, heat-treating, 

and many other processes. Consequently, the subject of fuels 

and combustion is of vital interest to the metallurgist. The 

quantitative study of combustion is of great value both theoreti-

cally and practically. It deals first with the amount of air re-

quired for combustion and the volume and composition of the 

gases resulting; a knowledge of these is necessary in the design 

of furnaces1 and in getting maximum efficiency in, the use of a 

given fuel, The loss of heat from a furnace through being car-

ried out in the hot gases2 can be readily calculated, and through 

this and other factors the thermal efficiency of a furnace or a 

process can be computed and studied. Likewise the temperature 
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attained in combustion of a given fuel can be calculated both 

for theoretical and actual conditions. 

Combustion of a fuel consists in the chemical combina-

tion of the oxidizable elements of the fuel with oxygen of the 

air. The aim of the process is to burn the fuel as fully as possi-

ble so as to produce the maximum amount of heat. 

In burning solid fuels there is a residue of ashes, and this 

will contain some particles of combustible material that have 

mechanically escaped combustion. The part of the fuel that is 

non-combustible under any conditions is composed largely of 

Si02, often with some A1203, CaO, and other inorganic matter. 

The ashes left include this non-combustible matter plus some 

combustible particles.  

The quantity of heat generated by completely burning one 

unit of a fuel is known as the calorific power of the fuel For 

solid or liquid fuels it is usually expressed in calories per gram 

or in British Thermal Units (В. Т. U.) per pound. For gases it is 

usually expressed in calories per litre or in B.T.U. per cubic 

foot. The calorific power may be determined directly by burn-

ing a small weighed portion of the fuel in a calorimeter and 

measuring the heat liberated. The calorific power depends di-

rectly on the chemical composition and not on the conditions 

under which the fuel is burnt, since the definition of calorific 

power assumes complete combustion. 

The actual amount of heat obtained from a fuel as burnt is 

usually a little less than the calorific power because of imper-

fect or incomplete combustion. The actual amount of heat ob-

tained may be calculated when the conditions pertaining to the 

combustion are fully known. 

If a furnace process3 were thermally 100 per cent effi-

cient, all the heat available as calorific power in the fuel4 would 

be utilized in the process. Obviously, however, only В portion 

of it is so utilized and the remaining part is lost in various ways.  
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Notes 

1. In the design of furnaces — при проектировании пе-

чей 

2. through being carried out in the hot gases — через 

вынос его вместе с горячими газами 

3. a furnace process — процесс горения в печи  

4. all the heat available as calorific power in the fuel — 

все тепло, определяемое теплотворной способностью топ-

лива 

 

Ex.1. Answer the questions on the text: 

1. What is combustion? 2. What is a fuel? 3. What fuels 

are the most common? 4. For what operations is combustion 

commonly employed? 5. Is the subject of fuels and combustion 

of any interest to the metallurgist? 6. What does the quantita-

tive study of  combustion  deal  with? 7. What is the aim of 

combustion of a fuel in a furnace? 8. What will the residue of 

ashes contain in burning solid fuels? 9. What is the non-

combustible part of the fuel usually composed of? 10. What is 

the calorific power of a fuel? 11. In what units is the calorific 

power of fuels usually expressed? 12. On what does the calorif-

ic power of a fuel depend? 13. Why is the actual amount of heat 

obtained from a fuel a little less than its calorific power? 

 

Ex.2. Translate from Russian into English: 

1. Горение топлива состоит в химическом соединении 

окисляемых элементов топлива с кислородом воздуха. 2. 

Целью сжигания топлива в печи является получение мак-

симального количества тепла. 3. В металлургии сжигание 

топлива обычно применяется для таких операций, как вы-

плавка металлов из их руд, переплавка металлов, рафини-

рование, термообработка их и др. 4. Металлургические 

процессы обычно выполняются при высоких температурах 

и нуждаются в высококалорийном топливе. 5. Количе-
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ственное изучение процессов горения очень важно для ме-

таллурга как теоретически, так и практически. 

 

Ex.3. Read and speak on the following topic: 

The Basis of Metallurgical Processes 

A Dialogue 

A.: Let us discuss the question of oxidation, combustion, 

heat, and temperature, and their relationships. 

В.: All these questions are very important for metallurgy. 

What shall we begin with? 

A.: First of all let us remember the definition of the proc-

ess of oxidation. 

В.: When any substance combines with oxygen, the 

chemical process is called oxidation. 

A.: But we may define combustion as the process of the 

rapid union of combustible substances with oxygen of the air. 

Isn't it the same? 

В.: То some extent it is. The term oxidation has a more 

general meaning. Defining combustion you must add that it is 

accompanied by the evolution of heat. 

A.: And what is heat? Formerly it was considered to be a 

weightless fluid substance. 

В.: Heat is a form of energy which is due to the motion of 

the atoms or molecules of a body. 

A.: Then, what is temperature? Why are there high tem-

peratures and low temperatures? 

В.: Temperature is the intensity or degree of heat which 

depends on the speed with which the atoms or the molecules of 

a body move. The more rapidly they move, the higher is the 

temperature; the less is the kinetic energy, the lower is the tem-

perature of the body. 

A.: By what can the increase of heat be caused? 

В.: It can be caused by any kind of energy: mechanical 

energy, energy of the radioactive disintegration, electric energy, 
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combustion energy, etc, 

A.: Don't you think the last cause is especially important 

for metallurgy? 

В.: Of course, combustion and firing-operations are ex-

tensively used in metallurgical processes, and the question of 

heat energy and transfer of heat is of great significance for met-

allurgists. 

A.: What general conclusion can be made from the 

above? 

В.: We may say that oxidation, combustion, heat and 

temperature are closely connected with each other and are the 

basis of most of the metallurgical processes and operations. 

 

Ex.4. Speak on the topic: 

"Combustion, oxidation, heat, and temperature as the ba-

sis of metallurgical processes". 

 

Ex.5. Insert the necessary words: 

Combustion as a particular kind of oxidation 

Combustion is a particular kind of … that occurs rapidly, 

but not instantaneously, with considerable evolution of … . The 

greater part of … processes takes place at very high … , being 

pyrometallurgical processes. Hence is the great importance of 

… in metallurgy. The term combustion in metallurgical … has 

broader meaning than usual. 

A general view of the reaction of combustion is as fol-

lows: a combustible + oxygen = combustion … + heat. 

processes, temperatures, combustion, heat, products, oxi-

dation, metallurgical. 
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Text 4 

Cold working1 

 

 When a polycrystalline metal is subjected to an external 

stress, it is deformed, and the deformation takes place because 

of the stretching or breaking of the atomic bonds that held the 

crystals together. When the stress is small, the deformation 

(strain) is proportional to the stress, and the metal returns to its 

original shape as soon as the deforming stress is removed. This 

is elastic deformation, and as long as the stress remains below a 

certain critical value (the elastic limit), there is no permanent 

deformation of the object. 

Stressing the metal beyond its elastic limit produces a 

permanent deformation2 of the metal, and the object will not 

return to its original shape after the stress is removed; and as 

the deformation proceeds, the metal becomes progressively 

harder and more brittle. This is plastic deformation. Permanent 

deformation of any metal significantly alters its internal struc-

ture and so affects to some degree many of its chemical, physi-

cal, and mechanical properties.  

Each metal has a certain critical temperature known as 

the recrystallization temperature, and any mechanical defor-

mation performed below the recrystallization temperature is 

cold working. In almost all cases cold working means the de-

formation of a metal at room temperature.  

When a metal or alloy is rolled, drawn into wire, or oth-

erwise worked or deformed below its recrystallization tempera-

ture, slip takes place within the individual grains; the slip is 

usually accompained by a certain amount of banding and rota-

tion of the slip planes. The grains become deformed or elongat-

ed in the direction of rolling or drawing, and the metal is no 

longer composed of equiaxed grains. When a metal is drawn or 

rolled, its length increases and its cross-section decreases; the 

per cent elongation  (El)  or reduction of area  (RA)  are used to 

indicate the amount of work done on the metal.  

/When
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When a metal is cold worked, it become harder and more 

brittle as the working progresses, and the metal is said to be 

strain-hardened or work-hardened. The grains-of a cold-worked 

metal are distorted and elongated, and the internal structure of 

the grains becomes disorganized (but crystallinity of the metal 

is not destroyed). Strain hardening has tremendous and very 

direct economic significance. Industrially, it is very important 

both in its influence upon forming аnd fabricating operations 

and in its effects upon the properties of finished metal objects. 

Soon after the cold deformation of a metal begins, the relatively 

large crystal grains are broken down into small crystalline par-

ticles, and as the working continues, there is a tendency for 

these crystalline fragments to assume a preferred orientation 

because the slip planes tend to rotate into a position parallel to 

the applied stress. The greater the deformation, the more diffi-

cult it is for further slip to take place, and the harder the metal 

becomes. As the hardness increases, it also becomes more brit-

tle and will eventually fail if the cold-working is continued long 

enough. The elastic limit of the metal increases also, and the 

metal becomes "hard" and "springy" as compared with its soft 

condition before working. Cold-worked copper, for example, is 

fairly hard and definitely elastic as compared with cast copper 

which is soft and has almost no elasticity. A part of the energy 

required to cause its deformation remains stored in the cold-

worked metal as potential energy, and the metal is in a metasta-

ble condition. 

Severe cold-working3, such as drawing of wire, causes 

great elongation and preferred orientation of the crystal grains. 

This gives the object directional properties, and the object be-

haves as if it were composed of fibres running parallel to its 

axis. 

In order to soften the work-hardened metal and prohibit it 

to become too hard and brittle as to fail, the process of anneal-

ing and recrystallization must be resorted to. 
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Notes 

1. cold working — холодная обработка, деформация в 

холодном состоянии 

2. permanent deformation — остаточная деформация 

3. severe cold-working — резко деформирующая хо-

лодная обработка 

 

Ex. 1. Answer the questions on the text: 

1. What occurs when a metal is subjected to an external 

stress, or loading? 2. Why does the deformation of the metal 

take place in this case? 3. What becomes of the metal when the 

external stress is small? 4. What kind of deformation takes 

place here? 5. What deformation is produced when stressing the 

metal  is  beyond  its  elastic  limit? 6. Does the metal return to 

its original shape in this case? 7. Is the permanent deformation 

an elastic deformation, or a plastic one? 8. What is the recrys-

tallization temperature? 9. What is cold working? 10. At what 

temperature is cold working practically performed? 11. What 

becomes of a metal when it is cold-worked? 12. What is said 

about cold-worked metals? 13. What is the condition of grains 

and their internal structure in a cold-worked metal? 14. What 

position do the crystalline fragments in a cold-worked metal try 

to assume? 15. Does the hardness and brittleness of the metal 

increase when cold working is continued? 16. Can the metal 

fail if cold working is not stopped in time? 17. What is neces-

sary to do to prevent the metal from becoming so hard and brit-

tle that it will fail? 

 

Ex. 2. Translate from Russian into English: 

1. Когда металл подвергается действию внешних на-

пряжений, или нагрузок, его форма и внутренняя структура 

деформируются вследствие нарушения атомных связей, 

удерживавших кристаллы вместе.  

2. Если деформирующая нагрузка небольшая, то ме-



 19 

талл возвращается к своей первоначальной  форме, когда  

нагрузка снята. 

3. Такая деформация называется упругой деформаци-

ей. 

4. Напряжение металла выше предела упругости про-

изводит остаточную деформацию, когда металл уже не воз-

вращается к первоначальной форме после снятия нагрузки. 

Это пластическая деформация.  

5. Всякий металл имеет свою определенную критиче-

скую температуру, при которой начинает происходить его 

рекристаллизация. Любая механическая деформация ме-

талла ниже температуры рекристаллизации является де-

формацией в холодном состоянии, т. е. обработкой при 

комнатной температуре.  

6. Металл, подвергаемый холодной обработке, ста-

новится тверже и более хрупким, и про него говорят, что 

он механически упрочнен или наклепан.  

7. Если холодную обработку продолжать, металл ста-

новится все тверже и все более хрупким и, наконец, может 

не выдержать, если обработку не прекратить вовремя.  

8. Чтобы предохранить металл от чрезмерной твердо-

сти и хрупкости при холодной обработке, его периодиче-

ски подвергают процессу отжига и рекристаллизации. 

 

Ex. 3. Speak on the subject: "Cold working and its ef-

fect on the worked metal". 

 

Ex. 4. Read and translate the additional text: 

Annealing and Recrystallization 

If the temperature of the work-hardened metal is raised 

above normal, the deformation begins to disappear and the 

metal returns to the normal condition of structure and proper-

ties. This remarkable change occurs through the recrystalliza-

tion and grain growth of structure that takes place when work-
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hardened metals are heated to within certain temperature rang-

es. The process of heating work-hardened metals to tempera-

tures where the deformed structure disappears and the proper-

ties return to normal, is called annealing. 

If the work-hardened metal in its highly stressed state is 

subjected to very low annealing temperatures, the internal 

stresses are almost completely removed without any apparent 

structural change and without appreciable loss of strength or 

hardness. This treatment, often called stress relief, is important 

industrially. 

When a cold-worked metal or alloy is annealed to a suf-

ficiently high temperature, it loses its hardness and strength and 

reverts back to its original, soft condition. Microscopic exami-

nation of such an annealed metal will show that it has recrystal-

lized to form a new set of crystal grains. The process of thus 

completely softening a work-hardened metal is known as full 

annealing. The lowest temperature at which recrystallization 

can be detected is known as the recrystallization temperature, 

and each metal and alloy has its own characteristic  recrystalli-

zation  temperature. 

Annealing is used to soften cold-worked metal, when the 

hardness of the cold-worked condition is not desirable. When 

extensive cold-working is done, it may be necessary to anneal 

an object several times between cold-working stages to prevent 

its becoming so hard and brittle that it will fail. 

 

Ex. 5. Make up questions on this text. 

 

Ex. 6. Insert the necessary words. 

Plastic Deformation 

Plastic … of a polycrystalline metal is never uniform. 

This is due to the fact that the separate … deform differ-

ently because of their dissimilar orientation. This affects the 

slip process in the … as a whole. Upon the application of an 
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external … , those grains … first which have slip planes most 

favourably positioned in relation to the applied force. At the 

same time, the deformation of these crystals is impeded by their 

… crystals in which the possible slip planes are otherwise posi-

tioned. The first sign of … deformation in a metal is the ap-

pearance of slip bands or lines. Slip bands are observed upon 

even the slightest deformation. As the amount of deformation is 

… , the slip blocks in each crystallite (grain) tend to conform 

with the direction in which the force acts, and the metal … are 

elongated in the direction of deformation to form the so-called 

fibrous or banded … . 

According to the latest views, the sources of slip are 

groups of … , displaced relative to each other, i. е., disloca-

tions. Slip originates at a definite … , where a dislocation ex-

ists, and proceeds by movement of the dislocation in the given 

plane of the crystal due to shear … . 

stresses, neighbouring, increased, atoms, load, defor-

mation, structure, crystals, grains, point, metals, deform, per-

manent.  

 

Text 5 

Hot working 

 

When the mechanical working of a metal or alloy takes 

place above the recrystallization temperature, the process is 

known as hot working1. In view of what was said about cold 

working and annealing, we may best regard hot working as a 

process of simultaneous cold working and annealing. Then hot 

mechanical working is permanent deformation accomplished 

under such conditions that strain hardening is not evident in the 

deformed metal at room temperature after forming. This does 

not mean that strain hardening does not accompany hot work-

ing. It implies rather that2, during or after a hot-working opera-

tion, resoftening of the metal is so rapid that the metal is re-
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turned to the dead-soft condition before its room temperature 

properties can be determined. 

In a hot-worked metal or alloy the grains are being con-

tinually formed as hot working continues, and the size of the 

grains depends upon the temperature. The smallest grains are 

formed when the temperature is just above the recrystallization 

temperature, and this is usually the best finishing temperature 

for hot-working operations. Hot working breaks up the coarse 

crystals and destroys .the other conditions which characterize 

the as-cast state3, welds up small internal cavities, and general-

ly produces sounder fine-grained material than a casting. These 

effects improve the physical properties of the metal to a consid-

erable degree; but hot working does not result in any great in-

crease in strength and hardness. 

Hot rolling and forging are very widely used in the fabri-

cation of metal shapes4, and, even when the finishing operation 

is to be cold working, the preliminary shaping5 is done by hot 

working. 

The temperature of the metal for hot working depends on 

the metal or alloy, and there is a best temperature range and a 

best finishing temperature in each case. Steel requires a higher 

temperature than most of the non-ferrous metals and alloys, but 

in every case an attempt is made to have a finishing tempera-

ture that will produce a fine-grained structure. 

Some of the advantages of hot working are: 

1. At elevated temperatures metals and alloys are weaker 

and more plastic, and as a result much less energy is required to 

deform the material. It would be practically impossible, for ex-

ample, to treat large sections of metals by cold working. 

2. Since the metal or alloy does not harden during hot 

working, there is practically no limit to the amount of reduc-

tion6 that can be attained so long as the temperature remains 

high enough. 

3. Some metals and alloys can be worked mechanically 
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at high temperatures but cannot be cold worked. 

4. Because of the extensive flow of metal as it is de-

formed (as in cold working) there is a tendency to develop a 

fibre structure in rolled or forged objects. This is often a desira-

ble characteristic, although it may be detrimental for certain 

applications. 

It is important to realize that the distinction between cold 

working and hot working is based upon the room-temperature 

properties of the metal after deformation has been completed, 

and not upon the temperature at which the deformation is ac-

complished. Thus, commercially pure cadmium, and tin, and 

very pure zinc, aluminium, silver, and gold recrystallize rapidly 

at room temperature after reasonably extensive reductions. De-

formation of these metals at room temperature is, therefore, ac-

tually hot mechanical working. On the other hand, even the 

purest iron does not recrystallize below about 750° F, while 

commercially pure copper does so below 300° F. A rolling op-

eration at, say, 600° F is cold rolling if the metal being worked 

is iron, and hot rolling if it is copper.   

 

Notes 

1. hot working — горячая обработка, деформация в 

горячем состоянии 

2. it implies rather that — это означает скорее то, что 

3. as-cast state — в литом виде (металл в слитке) 

4. in the fabrication of metal shapes — для получения 

давления изделий из металла  

5. the preliminary shaping — предварительная пласти-

ческая обработка  

6. the amount of reduction — степень обжатия металла 
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Ex.1. Answer the questions on the text: 

1. At what temperature is the process of hot working per-

formed? 2. What is the effect of the process upon the formation 

of crystal grains in the metal? 3. At what temperature are the 

smallest grains formed? 4. How does hot working improve the 

as-cast state of the metal? 5. Are physical properties of the met-

al also improved by hot working? 6. How widely are hot rolling 

and forging used in the fabrication of metal shapes? 7. On what 

does the temperature of hot working depend? 8. What finishing 

temperature is considered the best? 9. Why is less energy re-

quired to deform metals by hot working? 10. Why is the 

amount of reduction almost not limited in hot working? 11. 

What causes a fibre structure to develop in rolled and 

forged objects? 12. Upon what must the distinction between 

cold and hot working be based? 13. Can we say that the initial 

temperatures for cold working and hot working are the same for 

all metals? 14. Is the rolling operation at 600° F hot rolling or 

cold rolling for iron? 15. And for copper? 

 

Ex.2. Translate from Russian into English: 

1. Горячей обработкой называется механическая об-

работка металла при температуре выше температуры ре-

кристаллизации. 2. При горячей обработке происходит не-

прерывное образование кристаллических зерен по мере 

процесса обработки металла. 3. Наиболее мелкие зерна об-

разуются как раз, когда температура металла выше тем-

пературы рекристаллизации. 4. Горячая обработка разби-

вает крупные зерна, заваривает мелкие пустоты, устраняет 

другие дефекты литого состояния металла и, таким обра-

зом, производит более качественный мелкозернистый ма-

териал. 5. Деформация в горячем состоянии улучшает фи-

зические свойства металла, но не увеличивает его проч-

ности и твердости. 6. Горячая прокатка и ковка широко 

применяются для пластической обработки и производства 
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металлических изделий. 7. Температура горячей обработки 

зависит от металла и сплава и от нахождения лучших тем-

пературных пределов и лучшей завершающей температуры 

в каждом случае. 8. Так как при повышенных температурах 

металлы и сплавы слабее и более пластичны, чем в холод-

ном состоянии, меньше энергии требуется для деформиро-

вания металла путем горячей обработки. 9. Так как при го-

рячей обработке металл не твердеет, он может подвергать-

ся обжатию неограниченно. 10. В изделиях, подвергаемых 

горячей прокатке или ковке, развивается волокнистая 

структура, которая часто бывает очень желательна. 

 

Ex.3. Read and speak on the following topic: 

Hot vs. Cold Metal Working 

A Dialogue 

A.: I should like to speak to you about cold working and 

hot working. Which is better? 

В.: You are not quite right putting the question in this 

way. I'd answer that both are good. 

A.: Isn't one more preferable than the other? 

В.: It depends on the purpose you want to attain and on 

the object you are going to treat. 

A.: Give me an example. 

В.: Well. Let's assume that we want to harden and 

strengthen a specimen. For this aim we must choose cold work-

ing as it work-hardens or strain-hardens the material. 

A.: And hot working? 

В.: If you have to improve the inner structure of the ob-

ject and get fine-grained structure and soft condition of the 

metal, you must carry on the process of hot working. 

A.: Is it all? 

В.: Of course, it is not. The matter is more complicated 

and we can't discuss it in detail here. Sometimes one process 

supplements the other. For example, hot-worked objects are 
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often finished by cold working of them. 

A.: Then, perhaps, you can say something in general 

about advantages and disadvantages of the one and of the other 

process.  

В.: Well,  let's  begin  with  some  disadvantages  of  hot 

working: 

1. This process is often more expensive than cold work-

ing. 2. It is actually dangerous in heating, handling, and form-

ing metals at very high temperatures. 3. Maintenance of neces-

sary temperatures is often difficult. 4. Surface finish is usually 

poor. 5. Precise control of dimensions is difficult. 6. Structure 

and properties are not uniform. 7. Certain metals and alloys 

cannot be hot-worked.  

A.: Oh, there are so many disadvantages that one may 

doubt, if this process is practicable at all.  

В.: Don't doubt. In spite of all these disadvantages hot 

working operations are far more common in industry than cold 

working. These are some reasons for it: 

1. Large sections of metals can be treated only by hot 

working. 2. The amount of reduction of hot and. soft metals is 

practically unlimited. 3. There is less danger of cracking of the 

metal. 4. Power requirements are less than in cold working. 5. 

Grain refinement can be always controlled. 6. A desirable fibre 

structure can be developed and maintained in hot-rolled and 

hot-forged objects.  

A.: You did not want to enter the details of the subject of 

our discussion, and you have done it. So, a few words about 

cold working, and let's finish our talk. I don't want to tire you. 

В.: All right. The main thing in cold-working process is 

that the metal becomes strain-hardened or work-hardened, and 

you read about it at the last lesson. . What can I add to this? 

There are some metals that can be only cold-worked. Cold 

working is usually reserved for finishing passes on hot-worked 

sections. Cold working is used for light reductions on thin sec-
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tions where accurate dimensions, good surface finish, and high 

strength and hardness must be achieved. That's all for the pre-

sent. 

A.: It's quite enough. Thank you very much. 

 

Ex.4. Discuss  the  question: "Which is  better: cold  

or hot working of metals?'' 

 

 

Text 6 

Casting of metals 

 

Casting the metal directly to the shape desired, without 

further working, is one of the important methods of fabrication 

of metal parts. These parts are called castings and they are pro-

duced in a foundry. 

Since the fabrication of a metal part may be expensive, 

costing many times as much as the metal in the part, the choice 

of procedure is most important. For many shapes the choice of 

method is dictated by the shape itself. Metal sheets must be 

rolled; wires must be drawn. Complex shapes, on the other 

hand, might be prohibitively expensive by any other method 

than easting. Of course, for many shapes there are a number of 

methods to choose among. In these cases many considerations 

will enter in choosing the most economical and, reliable meth-

od of fabrication.  

After the casting procedure-has been selected,  it is nec-

essary, to  make  a  mold. The  mold  must be strong enough so 

that it does not melt or change shape when full 

of molten metal. Some molding materials, such as steel or 

graphite, are machined directly to he shape of casting. These 

molds may be used repeatedly for a large number of castings, 

hence they are called permanent molds. Often the metal is fed 

into the mold under high pressure, a process called die casting. 
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In die casting complex shapes and thin cross-sections may be 

cast.  

Most castings are made in sand molds in which only one 

casting may be made. This process makes use of a relatively 

inexpensive pattern of wood or light metal. Sand is rammed 

around this pattern, which is then removed to leave a hollow 

mold. The sand grains are bonded together by the addition of a 

few per cent of clay or other material with a small amount of 

water. After molding the sand may be baked before using, but 

more often it is used in the moist state, green sand mold. 

The most widely used furnace for melting iron for ordi-

nary castings of all kinds, is the cupola. The cupola is a straight 

shaft furnace, open at the top, except for a metal shield or spark 

arrester, and constructed of riveted boiler plate lined with spe-

cial fire-clay brick. The cupola is charged through the doors in 

the upper part of the shell with alternate layers of coke and 

iron, a little limestone being added near the end of the heat to 

flux the coke ash. Air is blown in through tuyeres near the bot-

tom to burn the coke. 

The bottom of the cupola is composed of a pair of hinged 

cast-iron doors which are supported by a heavy rod during the 

operation of the furnace and are dropped at the end of the day's 

run in order to permit the unconsumed, fuel and the residue iron 

in the cupola to fall out and be removed. The taphole is located 

at one side of the bottom of the cupola. The sand bottom, which 

is tamped in on top of the bottom doors, is sloped so that the 

entire contents of the metal in the furnace can be drained 

through the tap-hole. The slag-hole is located on the opposite 

side of the shell and several inches higher up. 

Cupolas are built in various sizes and the choice of a size 

depends upon many factors. Sometimes it is advisable to install 

a cupola considerably larger than the known needs and decrease 

the diameter to the desired size by increasing the thickness of 

the lining. Then, when it is necessary, the cupola diameter can 
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be increased by decreasing the lining thickness. 

The alternate charges of coke and iron- are so propor-

tioned that the new layer of iron will occupy exactly the posi-

tion of its predecessor. In other words, the cupola is operated so 

that certain zones of action are maintained in definite positions 

in the cupola with the result that rapid, hot, and economical 

melting is obtained. 

 

Ex.1. Translate from Russian into English: 

1. Процесс производства металлических деталей пу-

тем заливки жидкого металла в формы называется литьем. 

2.Изделия, полученные этим процессом, называются от-

ливками. 3. Есть разные способы производства металли-

ческих изделий, и выбор метода производства зависит от 

металла, формы изделия, экономичности и надежности ме-

тода  и  назначения  изделия.  4.  Металлические  листы 

должны прокатываться, проволока протягиваться, а слож-

ные профили лучше всего отливать. 5. Чтобы проводить 

процесс литья, необходимо заготовить формы, которые 

должны быть достаточно прочными. 6. Некоторые формы 

(стальные или графитовые) настолько прочны, что они 

применяются повторно для большого количества отливок. 

Они называются постоянными. 7. Иногда металл подается 

в формы под высоким давлением, и тогда процесс назы-

вается литьем под давлением. 8. Многие отливки произ-

водятся в земляных формах, пригодных только на один, 

раз. 9. Для изготовления земляных форм необходима мо-

дель из дерева, сделанная по форме изделия. 10. Вокруг 

модели плотно набивается формовочная земля, скреплен -

.пая глиной и смоченная водой. 11. Модель вынимается, и 

в пустую форму заливается металл. 12. Расплавление чугу-

на для литья производится в вагранках. 13. Это простая 

шахтная печь, загружаемая в верхней части чередую-

щимися слоями кокса и чугуна.  14. Воздух для горения 
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кокса вдувается через формы в нижней части печи. 15. Ме-

талл и шлак выпускаются через соответствующие выпуск-

ные отверстия около днища вагранки. 16. Хорошо регули-

руемая работа вагранки дает в результате быстрое и эконо-

мичное расплавление металла. 

 

Ex.2. Tell us about the process of casting: 

Outline 

1. Casting as the process of direct, fabrication of metal 

parts. 2. Making molds. 3. Permanent molds. 4. Sand molds. 5. 

Patterns. 6. Cupolas — shaft furnaces for melting iron. 

 

Text 7 

Plastic shaping of metals1 
 

Before metals can be mechanically worked, they must 

first be cast into ingot molds of suitable form. The molds may 

be rectangular, square, or round in cross-section, the final cast-

ings varying in size from a few hundred pounds to several tons.  

The steel remains in ingot molds until the solidification is 

about complete, at which time the molds are stripped from the 

ingots. While still hot, the ingots are placed in gas-fired furnac-

es called soaking pits, where they remain until they have at-

tained a uniform working temperature (around 1225° C.) 

throughout. They are then taken to the rolling mill. Because of 

the large variety of finished shapes to be made, ingots are first 

rolled into such intermediate forms as blooms, billets, or slabs. 

The process of plastically deforming metal by passing it 

between rolls is known as rolling and is the most widely used 

hot-working method. Steel in the form of an ingot is a relatively 

weak mass of non-uniform crystals or grains. Rolling breaks 

these crystals down and elongates them so that the final hot-

rolled product approximates a closely packed bundle of fibres. 

This breaking up of the cast structure, or "refining the grain", is 
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important because it makes the steel stronger and more ductile 

and gives it greater shock resistance. 

Basically, the rolling processes of steel industry consist of 

passing the material between two rolls revolving at the same 

speed but in opposite directions. During its passage through a 

rolling mill, the metal is compressed to a thinner section, is 

elongated proportionally in length, but is spread laterally only 

slightly. Metal is drawn into the rolls by the frictional force. 

The rolls themselves may be either of steel or cast iron, consist-

ing of a body or barrel on which the rolling is done, the neck on 

which the roll revolves in the bearing, and a star-shaped cou-

pling or "wobbler" through which the roll is driven. The body 

of the roll may be a simple cylinder for flat rolling, or it may be 

grooved if the piece is to be rolled to a definite shape. 

Rolling mills are of several basically different designs, 

the choice depending upon the type of rolling to be done. For 

the first rolling operations on cast ingots, a two-high reversing 

mill, or a three-high mill is commonly used. On a two-high mill 

both rolls may be revolved both clockwise and counter-

clockwise. They grip the metal and pull it between themselves 

reducing its thickness and lengthening it proportionally. By re-

versing the direction of the rolls the steel is pulled back and 

forth perhaps twenty times. After every two or four passes be-

tween the rolls the metal is turned on its side so that all four 

sides are thoroughly worked. Rolls of a three-high mill are not 

reversible in direction. Instead the metal is first pulled forward 

by the bottom and middle rolls, then lifted mechanically so that 

it can be returned between the top and middle rolls. These op-

erations are repeated until the bloom is rolled to the desired 

size. Supplementary tables, manipulators, guiding devices, roll 

spacing mechanisms, heating furnaces, etc., are necessary with 

either mill. 

During early stages of ingot rolling, the metal is passed 

back and forth several times through the initial roughing stand 
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of the rolling mill. Later, continuous mills may produce sheet, 

plate, or bar stock continuously through many rolling stands. 

For manufacturing structural sections, specially grooved rolls 

are used to progressively form the stock into the desired cross 

section. A great amount of empirical and theoretical study has 

gone into the subject of roll design to prepare roll passes that 

most effectively2 produce shaped metal sections. 

 

Notes  
1 plastic shaping of metals — обработка металлов дав-

лением 
2 a great amount of empirical and theoretical study has 

gone into the subject of roll design to prepare roll passes that 

most effectively - былапроведенабольшаяпрактическаяитео-

ретическаяработапоизучениюконструкциивалковстем, что-

бы создать калибры, способные наиболее эффективно 

 

Ex.1. Answer the questions on the text: 

1. In what form does the metal to be shaped come from 

ingot molds? 2. For what purpose are steel ingots placed into 

soaking pits? 3. Into what intermediate forms are steel-ingots 

first rolled? 4. What is rolling? 5. What does rolling do with the 

crystalls of cast steel ingots? 6. Why is this breaking up of the 

cast structure important? 7. What do the rolling processes basi-

cally consist of? 8. What are the different parts of rolls them-

selves and what is their purpose? 9. What types of rolling mills 

are commonly used for the first rolling operations? 10. How is 

the metal pulled between rolls on a three-high mill? 11. For 

what purpose is the roughing stand used? 12. How is the pro-

cess of continuous rolling carried on? 13. What kind of rolls is 

used for manufacturing structural sections? 
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Fig. 1 Schemes of rolling mills: 

a— two-high reversing mill; b — three-high mill. 

 

Ex.2. Speak about rolling. 

 

Text 8 

Прочитайте текст и выполните следующие задания 

 

1. Определите назначение и тип стана, который опи-

сывается в данном тексте. 

2. Укажите, куда сначала подаются стальные слябы и 

какова их толщина. 

3. Скажите, где происходит первое обжатие сляба. 

4. Сравните назначения первого и второго трехвалко-

вых станов. 

5. Опишите клеть непрерывного стана. 

6. Укажите, через сколько клетей одновременно про-

ходит материал. 

7. Объясните, что и как в данном случае влияет на 

получение полос одинаковой толщины по всей длине мате-

риала. 

The earliest wide-strip rolling mill designed to operate as 

a true continuous unit was built in 1892 at Jeplitz in Czecho-

slovakia. 

On this mill, 8-in. thick steel slabs were fed into a furnace 

through which they continuously moved. After reaching the 
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desired temperature they were reduced to 3 1/2 in. thick on the 

three-high mill. This unit was driven by a steam engine devel-

oping 1,000 h.p. (horse power- лошадиная сила). 

After reheating the slab, the second three-high mill was 

employed to roll the material to about 0.28 in thick, this mill 

being connected to the closely erected five-stand finishing unit 

(чистовой стан). Each stand of the continuous unit was of the 

two-high type, the rolls being 25 in. in diameter. In passing 

through the five pairs of rolls, comprising the true continuous 

section of the mill, the thickness of the material, was reduced 

by as much as 60 per cent in all the five stands at the same 

time. 

The speed of the material leaving each stand was 190, 

240, 290, 340 and 390 ft. per min., respectively. With much 

slow speeds of rolling, excessive cooling of the strip took place. 

Аs a result, it was found impossible to obtain the same thick-

ness along the whole length of the material. 

 

Ex.1. Insert the words and answer the question: 

What type of rolling mills is described in the text? 

Plate mills are widely used in … practice. These mills 

continue to be modernized often with the … of enlarging the 

size of the product: 5330 mm … aluminium alloy plate can be 

… on one mill; 5000 mm wide plate is produced on another 

mill; and several produced … in the range of 3560-4220 mm. 

Large plates are in demand for welding, for example, to form 

… pipe in the plant where facilities for spiral … or narrower 

strip are not provided and, of course, for shipbuilding and boil-

er marking. Roll bending is frequently incorporated. 

A number of steelworks use a … plate mill. Controlled 

rapid cooling of plates to improve plate … and to give a finer 

grain … has received considerable attention. 

purpose, produced, rolling, large-diameter, wide, weld-

ing, dual-purpose, size, plate, strength. 
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Text 9 

Forging 

 

One of the most important properties of metals is that of 

plasticity, or their ability to be permanently changed in shape1 

without rupture. This property of metals allows us to carry out 

one of the most important operations in the manufacture of the 

articles made from metal, namely that of forging. 

The art of forging is as old as our knowledge of metals, 

having been developed with their earliest discovery. In those 

days, as in our modern times, iron was the basic metal used. It 

is a long step from the forging methods employed by the an-

cients to the machine methods of forging and metal forming 

used by modern manufacturers. The forging industry, however, 

has grown from the simple hammering methods, as carried on 

by the ancients, to many methods and different practices. The 

ancient, in order to make a wire, was forced to hammer his 

metal into a sheet form and cut the sheet into narrow strips to 

form his wire. Today a process is used by which wire can be 

drawn to almost any form and size by mechanical methods un-

known to the ancient. 

Today, with a wealth of modern equipment at our com-

mand coupled with the vast amount of knowledge gained 

through research, study can be made of the changes that take 

place within the metal being worked, and thus it can be deter-

mined why certain physical changes occur. The ancient knew 

how but not why. Today not only how is known but also why, 

and the result produced by forging can be controlled not only as 

to shape but also as to structure and physical properties of the 

finished forging. 

Forging or hammering is the simplest method of reducing 

metal to the desired shape by deformation. 

The metal used for forging usually comes from the rolling 

mills. Hot rolling causes the grains to be elongated into fibers 
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in the same direction as the mass of metal is worked. Forging 

operations further elongate, bend, and otherwise distort these 

fibers. For this reason in forging it is important to control them 

so they will add to the strength of the parts where needed. 

The forging processes can be grouped under four princi-

pal methods as: smith forging, drop forging, press forging, and 

upset forging. The blanks or the ends of the bars for forging are 

heated to the correct temperature in furnaces located near the 

forging operation. It is important that the metal be heated uni-

formly throughout to the forging temperature above the critical, 

or recrystallization temperature of the metal. The finishing 

forging temperature should be as near as possible to the critical 

temperature range in order to produce a fine-grain size, im-

prove response to heat-treatment, and reduce the tendency to 

crack during cooling. 

In smith forging a pair of dies with flat surfaces and gen-

eral-purpose hand tools2 are used. The shaping of the part de-

pends upon the skill of the smith who moves the metal and di-

rects the operation. Drop forging is accomplished with closed 

impression dies to shape a piece of heated metal. Press forgings 

are made in large vertical mechanical or hydraulic presses. Up-

set forgings are made on special machines called forging ma-

chines, or upsetters. 

 

Notes 
1ability to be permanently changed in shape — способ-

ность подвергаться остаточной деформации 
2general-purpose hand tools — ручные инструменты 

общего назначения 

 

Ex.1. Summarize the contents of the article (in written 

form) using the following outline: 

1. Plasticity as the most important property of metals. 

2. The art of forging in ancient times. 
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3. Today's forging industry. 

4. Not only "how" but also "why". 

5. Fiber structure of the metal used for forging. 

6. Forging temperatures. 

7. Principal methods of forging. 

8. Smith forging for small quantity production. 

9. Drop forging as the best method for mass production. 

10. Press forging under a sustained pressure. 

11. Upset forging made on forging machines. 

 

Ex.2. Translate from Russian into English: 

1. Как прокатка, так и ковка являются методами пла-

стической обработки металлов. 2. До того как подверг-

нуться механической обработке, металлы должны полу-

чить форму литых слитков. 3. Стальные слитки, подлежа-

щие прокату, еще в горячем состоянии помещаются в 

нагревательные колодцы, где они остаются, пока не до-

стигнут однородной рабочей температуры. 4. Сначала 

слитки прокатываются в различные промежуточные фор-

мы, такие как блюмы, биллеты, слябы, 5. После этого они 

проходят через различные прокатные станы и получают 

требуемые формы тонких или толстых листов, прутков, 

фасонных изделий. 6. Прокатка разбивает литую структуру 

металла, размельчает зерна кристаллов, делает сталь более 

прочной. 7. Материал для ковки обычно идет из прокатно-

го стана с разработанной прокатной волокнистой структу-

рой. 8. Операции ковки различным образом деформируют 

эту структуру, стремясь увеличить прочность металла, 

улучшить его сопротивляемость, сохранить мелкую зер-

нистость. 9. Для достижения лучших результатов важно, 

чтобы ковка велась при температуре выше критической 

температуры металла. 10. Таким образом, высокая темпе-

ратура и пластичность металла являются необходимым 

условием проведения процессов прокатки и ковки. 
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Ex.3. Speak on the topic: "Forging as the method of 

plastic shaping of metals". 

 

Text 10 

Laboratory 

 

Просмотрите слова к тексту. Постарайтесь запомнить 

новые слова, знание которых Вам будет нужно при анализе 

текста. 

accompany сопровождать 

apply сплав 

cause применять 

enterprise предприятие 

experience опыт 

extent степень 

forge ковать, ковка 

forging ковка 

measure измерять 

metal processing обработка металла 

observe наблюдать 

pattern образец 

plate пластина 

perform выполнять, совершать 

prominent выдающийся, видный 

rod прут, трос 

rolling прокатка 

stress напряжение, нагрузка 

strip полоса 

stage ступень, степень 

subject подвергать чему-либо 

Word combinations: 

to deal with касаться, иметь дело  

с чем-либо 

to deliver lectures читать лекции 
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to be at the disposal of … быть в распоряжении  

кого-либо 

to look for искать 

to carry out выполнять 

for this purpose с этой цель 

Equipment: 

continuous three – stand 

mill 

непрерывный трёхклетьевой 

стан 

duo-rolling mill дуостан, двухвалковый cтан 

hydraulic press гидравлический пресс 

lengthwise rolling mill стан продольное прокатки 

pilger (seamless tube) mill пилигримовый стан (для пе-

риодической прокатки бес-

шовных труб) 

transverse rolling mill стан поперечной прокатки 

welding-and-forming mill 

(for pipe welding) 

формовочно-сварочный цех 

Me assuring instruments: 

loadmeter силоизмеритель 

tensiometer тензометр 

Technological operations: 

cold working of metals холодная обработка металла 

drawing волочение 

extruding выдавливание 

plastic working of metals обработка металлов давлением 

pressing прессование 

shape rolling прокатка профилей 

strip rolling прокатка полосы (листа) 

tanget bending гибка листовых заготовок  

вокруг круглой оправки 

tube rolling прокатка труб 
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Приступайте к чтению текста. Читая текст старайтесь 

понять, о чем идет речь в каждом абзаце текста. 

Our Institute (its metallurgical department) trains en-

gineеrs who will have to deal with the processing of metals. 

Metal processing it a prominent branch of our industry. 

Most of our students will deal with rolling, forging and 

pressing of metal paterns. Rolling is considered to be the most 

economical process for producing a large quantity of simple 

shapes such as plate, sheet, strip, rod, wire, tube and pipe. 

Complicated shapes can be performed with the help of 

forging machines and presses. 

At our Institute future specialists are delivered lectures in 

different fields of theory dealing with the processing of metals. 

This profound study of theory is accompanied by practical 

training, first in specially equipped laboratories, then at the 

plants. 

According to the program students conduct not only lab 

works but also experiments and research works at the laborato-

ries. They observe different kinds of technological operations 

and their stages: plastic working of metals, strip rolling, shape 

rolling, tube rolling, tanget bending on presses and rolling 

mills, pressing, drawing, extruding. At the laboratory future 

specialists conduct experiments and research works under their 

teachers control as to the operation and design of metallurgical 

equipment. There is a lot of equipment at the disposal of our 

students at the laboratories. 

Let's enter in the laboratory "Plastic deformation of spe-

cial alloys". Here you can see duo rolling mills - 140 and 250, a 

continuous three-stand mill a welding-and-forming mill for 

pipe welding, a lengthwise rolling mill, a transverse rolling 

mill, a pilger (seamless tube mill), a hydraulic press etc. Using 

this equipment students subject metal patterns to various kinds 

of metal-working - cold and hot working. They observe differ-

ent kinds of deformation (strain) as the result of metalworking 
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and look for the reasons causing this deformation. Students car-

ry out lab works on patterns deformation and write down dia-

grams of it. 

At the laboratory students learn to work with the instru-

ments. There is a task: measure the stress (the load) in a rolled 

pattern and its ratio to the strain (deformation) of the pattern. 

For this purpose students use such instruments as a loadmeter 

and tensiometer. The tensiometer helps to measure the extent of 

strain (deformation) in an elastic pattern according to Hooke's 

Law.  

Laboratory works help future processing and mechanical 

engineers to get profound knowledge and practical experience. 

They will apply them while working at metallurgical and pip-

erolling enterprises of our country. 
 

Ex.1. Дан список лабораторного оборудования на 

русском языке. Найдите в тексте английские соответ-

ствия. Запомните их. 

Станы: 

дуостан, двухвалковый стан 

непрерывный трехклетьевой стан 

формовочно-сварочный стан 

стан поперечной прокатки 

пилигримовый стан для периодической прокатки 

бесшовных труб 

Измерительные приборы: 

силоизмеритель; тензометр 

 

Ex.2. Составьте предложения (устно) по образцу: 

Model: There is дуостан in the laboratory. 

There is a duorolling mill in the laboratory. 

1. There is непрерывный трех клетьевой стан in the la-

boratory. 

2. There is формовочно-сварочный стан in the laborato-

ry. 
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3. There is стан поперечной прокатки in the laboratory. 

4. There is пилигримовый стан in the laboratory. 

1. Силоизмеритель is a measuring instrument. 

2. Тензометр is a measuring instrument. 

 

Ex.3. Перечислите по-английски, название каких 

видов технологических операций должны быть встав-

лены вместо точек, чтобы получить из заготовки изде-

лия, указанные справа: 

billet……………….tube 

billet……………….wire 

billet……………….strip 

billet……………….cylinder 

 

Ex.4. Закончите предложения по английски: 

1. To test the strength of a rolled pattern we use 

силоизмеритель 

2. To test the stress in an instrument and equipment we 

use тензометр. 
 

Ex.5. Прочтите вслух и перевидите на русский 

язык следующие предложения: 

1. Duo rolling: mill is used for strip-, shape-, and pipe- 

and tuberolling. 

2. A pilger mill is used for pipe-and tube rolling. 

З. A continuous thres-stand mill is used for strips into 

electrically welded pipes and tubes. 

4. A welding-and-forning mill is used for forming strips 

into electrically welded pipes and tubes. 

5. A transverse rolling mill is used for producing of spe-

cial shape surfaces (for example, cylinders with various wall 

thickness).  

6. Hydraulic press la used for forging, pressing, extruding 

and reduction of patterns. 
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Ex.6. Заполните пропуски словами и выражения-

ми из текста: 

a) восстановите пропущенные дополнения: 

1. According to the programme students conduct not only 

… but also … and … at the laboratories.  

2. They observe … as the result of metalworking. 

3. They write down ... of it (of the deformation). 

4. Thе tensiometer helps to measure … in an elastic pat-

tern according to Hooke’s Low. 

5. For this purpose students use such instruments as … . 

б) восстановите пропущенные определения: 

1. Неrе you can see ... mills - 140 and 250, а continuous 

... mill, a ... mill for pipe welding. 

2. They observe different kinds of technological opera-

tions and their stage: - ... working of metals, ... rolling, ... roll-

ing, ... rolling, … bending on presse. 

 

Ex.7. Ответьте на вопроса к тексту: 

1. What specialists does our Institute (metallurgical de-

partment) train?  

2. In what branches of science and industry will future 

engineers work? 

3. Where can our students get their practical training? 

4. What kinds of technological operations do our students 

observe at the laboratories? 

5. What machines are the laboratories equipped with?  

6. What kind of eqipment can you see in the laboratory 

“Plastic deformation of special alloys”? 

7. What experiments do students carry out in the labora-

tory? 

8. Are laboratory works necessary for future specialist? 
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Text 11 

Heat treatment of steel 

 

Heat treatment of steel is now an elaborate science of its 

own1 and is closely connected with the composition and inner 

structure of the steel undergoing the process. Heat renting oper-

ations for steel may be divided into three basic groups: harden-

ing, softening or annealing, and stress relieving. 

The most common method of hardening steel by heat 

treatment consists of heating the steel to a temperature at which 

the steel becomes austenitic and cooling fast enough from that 

temperature to avoid the formation of soft pearlite and to obtain 

hard martensite. The most common quenching agents are oil, 

water, and brine. Oil provides the slowest quenching rate and 

brine the most severe. Some alloy steels become fully hardened 

when cooled at even slower rates and are therefore cooled in 

air. 

Annealing is a general term applied to several softening 

operations, including full annealing, normalizing, process an-

nealing, spheroidizing, and others. 

Stress relieving is a process in which the hardened metal 

is not softened appreciably, but is heated to reduce internal 

stresses. When internally strained metal is heated to a relatively 

low temperature, the mobility of the metal atoms is increased 

and they are able to rearrange themselves into nearly stress-free 

positions. The microstructure of the metal is not noticeably al-

tered, but internal stress is relieved. 

Martensitic structures formed by direct quenching of 

high-carbon steel are hard and strong, but unfortunately are also 

brittle. They cannot be plastically deformed and have very little 

toughness, and although strong they are unable to resist impact 

loads and are extremely sensitive to stress concentrations. 

Some of the hardness and strength must be sacrificed to obtain 

suitable ductility and toughness. This is done by tempering the 
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martensitic steel. 

Martensite is greatly stressed by the carbon atoms and is 

therefore brittle. Low-temperature reheating first stress-relieves 

the lattice, immediately increasing the toughness of the struc-

ture. Further heating allows carbon to precipitate as particles of 

iron carbide, increasing the ductility of the metal. At still higher 

tempering temperature the iron carbide particles coalesce into 

larger particles, thereby decreasing the strength and hardness of 

the structure, while further increasing its toughness and ductili-

ty. The primary purpose of tempering is to increase toughness 

and ductility so that the martensitic structure is able to with-

stand the loads and stresses that will be met in service. 

The heat-treating principles usually require that metal be 

heated to a high temperature, cooled at a controlled rate, and 

later reheated. To accomplish these principles, heating equip-

ment and quenching baths are necessary. 

Heat-treating furnaces should be designed and equipped 

to maintain a precise temperature throughout the heating cham-

ber. Electric heaters and gas burners allow the best control and 

are most common in heat-treating furnaces. Heating for harden-

ing, tempering, stress-relieving, and other heat-treating opera-

tions is performed in various types of ovens, furnaces, liquid 

baths, and induction units. Furnaces may be broadly classified 

into batch, continuous, and liquid-bath types. 

Batch-type furnaces are classified as horizontal or verti-

cal, depending upon the way work is charged and discharged. 

The most common horizontal batch units are box furnaces, so 

called because the heating chamber is a rectangular refractory 

box with a door at one end. 

Continuous furnaces are equipped with some form of 

mechanism to transport the work through the furnace. They are 

often divided into various thermal zones which can be operated 

at different temperatures to control the heating rate, the time at 

temperature, and the rate of cooling. 
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Liquid-bath furnaces utilize either molten salt mixtures or 

molten lead for heating the work. Various salt analyses are 

available for use from 150° С to 1315° C, a range which covers 

nearly all heat-treating operations. Lead or lead alloys are use-

ful for heating small parts in the temperature range between 

345 to 925° C. 

 

Notes 
1ane laborate science of its own — тщательно разрабо-

танная наука, имеющая самостоятельное значение 

 

Ex.1. Answer the questions on the text: 

1. Into what basic groups can heat-treating operations be 

divided? 2. What two successive steps does the most common 

method of hardening steel consist of? 3. For what purpose is the 

austenitic steel cooled fast enough in this process? 4. What are 

the most common quenching agents? 5. Can cooling be per-

formed in air? 6. What softening operations may be covered by 

the term annealing? 7. What kind of process is stress-relieving? 

8. What is the effect of low-temperature heating upon the metal 

atoms? 9. What properties characterize martensitic structures? 

10.  By what process can suitable ductility and toughness be 

obtained in martensitic steels? 11. Describe the process of tem-

pering martensite by means of successive reheating of the steel. 

12. What is necessary to accomplish heat-treating operations? 

13. How hould heat-treating furnaces be designed and 

equipped? 14. Into what three types may 

heat-treating furnaces be classified? 15. What are the most 

common batch-type furnaces? 16. What equipment is character-

istic of continuous furnaces? 17. What materials 

are commonly used in liquid-bath furnaces? 

 

Ex.2. Translate from Russian into English: 

1. Процессы термической обработки стали можно 
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подразделить на три группы: закалка, отжиг и снятие 

напряжений. 2. Метод закалки стали состоит из нагревания 

ее до аустенитной температуры и быстрого охлаждения ее 

до получения твердой мартенситной структуры. 3. Масло, 

вода и солевой раствор являются самыми обычными ре-

агентами закалки. 4. В некоторых случаях закалка может 

успешно проводиться на воздухе. 5. Отжиг — это общий 

термин, применяемый к различным операциям разупроч-

нения стали: полный отжиг, нормализация, сфероидизация 

и др. 6. Снятие напряжений — это процесс, при котором 

закаленная сталь нагревается до сравнительно невысокой 

температуры, чтобы уменьшить внутренние напряжения в 

ней. 7. При таком нагревании подвижность атомов металла 

увеличивается, и они перераспределяются в свободные от 

напряжений положения. 8. Мартенситные структуры — 

твердые и прочные, но хрупкие. Чтобы сделать их более 

пластичными и вязкими, применяется процесс отпуска. 9. 

Для этого сталь сначала вновь нагревается до сравнительно 

невысокой температуры, чтобы снять внутренние напря-

жения в пей и повысить ее вязкость. Дальнейшее нагрева-

ние увеличивает тягучесть металла. При еще большей тем-

пературе отпуска уменьшается твердость и прочность ме-

талла и еще более повышается его вязкость и пластич-

ность. 10. Для того, чтобы выполнить различные операции 

термообработки, необходимы надлежащим образом скон-

струированные печи для нагревания и ванны для охлажде-

ния металла. 
 

Ex.3. Make a report on the subject of "Heat-

treatment of steel" using the outline below. 

 

Outline 
1. Three basic groups of heat-treating operations for steel. 

2. Hardening steel and quenching agents. 

3. Annealing or softening steel. 
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4. Stress-relieving to reduce internal stresses. 

5. Tempering martensitic steel to obtain  ductility and 

toughness. 

6. Heating equipment and quenching baths. 

7. Types of heat-treating furnaces. 

 

Text 12 

How heat-treatment influences structure 

 

Insert the words, then answer the questions. 

chemistry, carbon, structure, depends, cementite, rate, 

steel, fast, temperature, solution, produce, slow, time, cooling, 

equilibrium. 

The metallurgy оf steel largely … оn the fact that when 

the … is abоvе the critical level then iron exists in а form and 

will hold … in solid solution; below this level it reverts to the 

form оn slow cooling and ferrite throws carbon out of … to 

form pearlite оr … . The iron-iron carbide diagram plots the 

relationship between composition and … and it mау bе thought 

that at аnу given carbon content the same structure wi11 

a1ways appear; this however, is not the case. Bу а1tering the 

… at which the t0is lowered from аbоvе the upper critical line 

we can … а wide variety of different structures in … although 

the carbon content remains the sаmе. In the formation of pearl-

ite … cooling is know to produce coarse lamallae whilst … 

cooling produces fine lamallae. Тhе reason for this apparent 

ability to set aside the basic rules оf physical … which govern 

the behaviourоf alloy systems is that the system requires …to 

reach equilibrium. The carbon dissolved in the austenite at high 

t0 must hаvе time to migrate оr diffuse through the structure so 

that the … phases can dеvе1ор. In solid solutions the rate оf 

diffusion is inevitably slow and so it is quite possible bу faster 

… to stop diffusion and “freeze” the system in а state оf non-

equilibrium.  



 49 

Notes 

lamallae-пластинка, чeшуйка 

coarse- грубый, необработанный 

fine-тонкий, мелкозернистый 

1. What does the metallurgy оf steel largely depend оn?  

2. What doеs the iron-iron carbide diagram plot?  

3. Does the same structure аppear at аnу given carbon 

content?  

4. How does the to influence the structure?  

5. What dо slow аnd fast cooling result in?  

6. When dо equilibrium phases develop?  

7. What is it possible to do bу faster cooling?  

 

Text 13 

Powder metallurgy 

 

Powder metallurgy is the art of producing commercial 

products from metallic powders by pressure. Heat, which may 

be used in the process, must be kept at a temperature below the 

melting point of the powder. The application of heat during the 

process, or subsequently, is known as sintering and results in 

bonding the fine particles together, thus improving the strength 

and other properties of the finished product. 

The use of powder metallurgy is rapidly increasing, and 

many products are being made better and more cheaply than by 

other manufacturing methods. Some of the advantages obtained 

by this process are as follows: 1. Many products such as sin-

tered carbides and porous bearing cannot be produced by any 

other method or process. 2. It is possible to produce parts with 

controlled porosity, such as those found in self-lubricating 

bearings made from nonferrous powders and graphite. 3. Large 

scale production of many small parts can compete favourably 

with machined parts because of the close tolerances and surface 

finish that are obtained. 4. Products of extreme purity can be 
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made, since it is possible to obtain powders in a very pure state. 

5. The process is economical in material. 6. Labour cost is low: 

skilled mechanics are not required to operate presses or other 

necessary equipment. 7. A wide range of physical properties is 

possible with any given material. These can be controlled by 

varying the die pressure, particle size, or sintering temperature, 

or by introducing alloying elements. Powder metallurgy has 

certain limitations which will restrict its use, particularly with 

those products that can be made economically by other manu-

facturing processes. 

Although  all metals can be produced in the powder form, 

only a few find wide application in the manufacture of pressed-

metal parts. Some lack the desired characteristics or properties 

which are necessary for economical production. The two prin-

cipal kinds in use are the iron-and copper-base powders. Both 

lend themselves well to this process and are produced in a wide 

variety of alloys. 

Powder for a given product must be carefully selected to 

insure economical production and to obtain the desired proper-

ties in the final compact. Practically all powders have lubricants 

added in the blending operation to reduce die wall friction and 

to aid in the ejection. Although the lubricants add to the porosi-

ty, they permit a greatly increased production rate and are nec-

essary in presses using automatic powder feed. 

It is extremely important that all the metal powders used 

during production be uniformly mixed so that uniform results 

are obtained. This is especially true when two or more powders 

are used together to form an alloy or mixture. Lubricants, volat-

ilizing agents, or non-metallic particles are often included in the 

powder mix for special purposes, and must be homogeneously 

distributed. 

Compacting the powder is an important step in the pow-

der metallurgy method. In addition to producing the required 

shape, the compacting operation also influences the subsequent 
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sintering operation and governs, to a large extent, the properties 

of the final product. Several of the most important effects of 

compacting are: 1. To reduce voids between powder particles 

and increase density of the compact. 2. To produce adhesion 

and cold welding of the powder and sufficient green strength. 3. 

To plastically deform the powder to allow recrystallization dur-

ing subsequent sintering. 4. To plastically deform the powder to 

increase the contact areas between the powder particles, in-

creasing green strength and facilitating subsequent sintering. 

Compacting is mostly performed by pouring a measured 

amount of the appropriate powder into the die cavity and then 

introducing one or more plungers to press the metal powder 

into a coherent mass. A measured volume of powder is usually 

used, although in some cases a definite weight of powder is 

more suitable. 

The operation of heating a "green compact" to an elevat-

ed temperature is known as sintering. It is the process by which 

solid bodies are bonded by atomic forces. 

By the application of heat the particles are pressed 

intomore intimate contact, and the effectiveness of surface-

tension reactions is increased. Plasticity is increased, and better 

mechanical interlocking is produced. Also any interfering gas 

phase present is removed by the heat. The temperatures used in 

sintering are usually well below the melting point of the princi-

pal powder constituent, but may vary over a wide range up to a 

temperature just below the melting point. 

Aside from the temperature, other factors in sintering are 

time and atmosphere. The time element varies with different 

metals but in most cases the effect of the heating is complete in 

a very short time, and there is no economy in prolonging the 

operation. Atmosphere is nearly always important, as the prod-

uct, being made up of small particles, has a large surface area 

exposed. The problem is to provide a suitable atmosphere of 

some reducing gas or nitrogen to prevent the formation of un-
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desirable oxide films during the process. 

Sintered compacts are often sufficiently accurate to be 

placed in service immediately, or after a minimum of machin-

ing, but some products requiring very accurate dimensions 

must be brought to exact size by subsequent operation of siz-

ing. 

 

Ex.1. Answer the questions on the text: 

1. What is powder metallurgy? 2. What temperatures may 

be used in the process? 3. What does the application of heat 

result in? 4. Is the use of powder metallurgy increasing or not? 

5. Has the process any advantages? 6. How many of them can 

you point out? 7. Are there any products which can be pro-

duced only by the process of powder metallurgy? 8. What is the 

main feature of those products? 9. What is it possible to say 

about large scale production of small parts? 10. Why can ex-

treme purity products be made by this process? 11. What about 

it's economy in material? 12. Why is labour cost of the process 

rather low? 13. Is a wide range of physical properties attainable 

by this process? 14. What is the main limitation of the process? 

15. Can all metals be produced in the powder form? 16. Why 

do only a few of them find applicationin the manufacture of 

pressed-metal parts? 17. What are the two principal kinds of 

powders in use? 18. Is powder for a given production to be 

carefully selected? 19. For what purpose do all powders have 

lubricants added? 20. Why is it important that all the metal 

powders were uniformly mixed? 21. When is this especially 

important? 22. What is compacting? 23. What is its signifi-

cance? 24. What can you say about the effect of compacting on 

reducing voids, producing adhesion, recrystallization, increas-

ing the contact? 25. How is compacting mostly performed? 26. 

What is sintering? 27. What is the result of the application of 

heat in this operation? 28. What temperatures are usually used 

in sintering? 29. What are other factors in sintering besides the 
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temperature? 30. In what time is the effect of heating usually 

complete? 31. Why is atmosphere nearly always important? 32. 

Are sintered compacts sufficiently accurate to be placed in ser-

vice immediately, or do they require subsequent machining? 

Outline 

1. The process of powder metallurgy  and temperatures 

used in it. 

2. The increasing use of the process, its advantages and 

limitations. 

3. Metal powders principally used in powder metallurgy. 

4. Selection of quality powders and adding lubricants. 

5. The importance of the uniform mixing of powders. 

6. The operation of compacting and "green compact" as 

its product. 

7. The subsequent operation of sintering and its purpose. 

8. The  factors  of  the  process:  temperature,  time,  and 

atmosphere. 

9. Possibility of using sintered compacts in service. 

 

Ex.2. Translate from Russian into English: 

1. Порошковая металлургия — это метод производ-

ства промышленных изделий из металлических порошков 

путем прессования. 2. Применение порошковой металлур-

гии быстро растет, так как многие изделия производятся 

этим методом лучше и дешевле, чем другими способами. 3. 

Некоторые изделия, такие, например, как пористые под-

шипники, вообще не могут быть произведены никаким 

другим методом или способом. 4. Этот процесс очень эко-

номичен в отношении материала и стоимости работы. 5. 

Изделия получаются очень точными по размеру, с хорошей 

отделкой поверхности и очень чистыми и однородными по 

внутреннему составу. 6. Все металлы можно получать в 

порошковой форме, однако только некоторые находят ши-

рокое применение в порошковой металлургии. Это порош-
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ки на основе железа и меди. 7. Ко всем порошкам добавля-

ются смазочные вещества, которые увеличивают их порис-

тость, а также облегчают проведение отдельных операций 

производства. 8. Важно, чтобы все порошки после отбора 

тщательно перемешивались для получения однородного 

материала. 9. В реализации метода порошковой металлур-

гии очень важным является процесс уплотнения. 10. При-

давая порошковому материалу требуемую форму и созда-

вая так называемый прессованный брикет, уплотнение 

уменьшает пустоты между частицами порошка, производит 

их  сцепление и  сваривание,  увеличивает контакт между 

частицами металла. 11. Прессование производится путем 

засыпки определенного количества порошка в полость 

штампа и обжатия порошка при помощи плунжера. 12. По-

следующая операция нагрева «сырого брикета» до какой-то 

повышенной температуры называется спеканием. 13. Бла-

годаря этому процессу частицы порошка спрессовываются 

в более неразрывную связь, а пластичность металла увели-

чивается. 14. Температура, применяемая при спекании, 

обычно значительно ниже точки плавления основного ме-

талла, входящего в состав порошка. 15. В большинстве 

случаев операция спекании завершается в очень короткое 

время. 16. Изделия после спекания обычно годны для ис-

пользования в работе немедленно или после минимальной 

механической обработки их. 
 

Ex.3. Write a summary of the article using the above 

outline. 

 

Ex.4. Speak on one of the topics: 

a) Powder metallurgy and its use in industry. 

b) The process of compacting. 

c) The process of sintering. 

Ex.5. Discuss the subject of "Powder metallurgy". 
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Text 14 

Superhard material from powder 

 

Ta1k with Anatoly Manokhin, Corresponding Member of 

the Russian Academy of Sciences, director of Baikov Institute 

of Metallurgy. 

Тhе development of the engineering, electronic, radio-

technical and electrotechnical industries is unthinkable without 

materials with special properties. Тhey include, in particular, 

composite materials, i.e., materials that combine incompatible 

properties, plastics, etc.  

Powder metallurgy figures prominently in obtaining these 

and other materials. Composite materials have been produced 

bу the hot compaction methods, which are better in their prop-

erties, especially in durability, than similar materials obtained 

abroad. The antivibration alloys of the “iron-copper” type made 

it possible to double the durability of drilling tools. This in-

creased labour productivity bу 20 per cent. Welding electrodes 

made of powders used for resistance welding аrе 9-12 times 

more durable than those made bу conventional methods.  

Тhе operational principle of powder meta11urgy is very 

well known аn item of necessary size is modeled, in а mou1d 

out of very small metal grains. After that the item is put into аn 

electrothermic furnace where the grains get sintered together.  

Тhе coefficient of the use of metal grows bу five times. 

True, powders more often do not cost more than metal-rolling. 

But labour input is muсh smaller and labour productivity - 

higher. As а result оf that, аn item made оf powder is оvеr three 

times сheaper. Then saving is achieved оn account of а com-

plete or partial liquidation of machining the item, the reduction 

оf metal consumption bу half or more, and automation оf press-

ing and sintering.  

The time оf operation оf powder articles increases con-

siderably. Тhе sintered articles have already proved their ad-
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vantages working in outer space, in deep sea conditions and 

inside various machines.   

It has been estimated that the output of 1,000 tons of 

powder articles saves the labour оf 190 workers, frees 80 met-

al-cutting machine tools and saves 2,000 tons of ferrous and 

non-ferrous rolled stock and some 1.5 million roubles.  

Russian scientists have attained a considerable success in 

powder metallurgy. Тhey were the first in the world to develop, 

using high-energy moulding methods, a new superhard mate-

ria1 out of boron nitride. Тhе priority of our country in devel-

oping the first article out of the so-called viscous ceramics has 

been recognized in many countries.  

As we know, metal does not wear out uniformly. For ex-

ample, when certain parts of crankshafts wear out, the whole 

article is crapped and remelted. This causes considerable losses, 

However, there is another way out - to spray powder onto the 

worn-out parts, then polish them and the crankshaft will be as 

good as new.  

Moreover, spraying powder оn articles made оf conven-

tional steel makes them highly heat-resistant and durable. Тhey 

also bеcome corrosion-, acid- and alkali-proof. Their reliability 

and length of service increases. In the long run, all this leads tо 

a saving of metal and costly alloying additives and tо cutting 

the spending оn producing and rеstoring machinery - especially 

automobiles, tractors and agricultural machines.  

Тhе powder is pressurized into а gas-flame jet, melts and 

is sprayed in а thin layer on the metal girders, pylons of power 

lines and on tanks for storing water and oil products. Such coat-

ing saves metal from corrosion for а period of 25 years.  

 

Ex.1. Discuss the main application of powder materi-

als. 
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UNIT 2. SUPPLEMENTARY READING 

 

Text 1 

Annealing 

 

In the course of casting, rolling, forging, and other kinds 

of metalworking, ingots and workpieces cool nonuniformly. As 

a result, a workpiece acquires different structures and properties 

in its various portions and experiences internal stresses. The 

solidified castings, for example, become inhomogeneous in 

chemical composition due to segregation. To remove these de-

fects, recourse is made to annealing and normalizing which is 

one of the types of annealing. 

Annealing is the process of heating ingots or parts to a 

definite temperature, holding the metal at this temperature, and 

then slowly cooling it at a rate of about 200°C/h for carbon 

steels and 30 to 100°C/h for alloy steels. The process imparts 

the stable structure to the metal, removes internal stresses, 

makes the structure uniform, improves the machinability of the 

metal, and softens it for further working. There are several 

types of annealing: dead-full, partial (stress relieving), homog-

enizing (diffusion), and light annealing. 

Full annealing applies for hypoeutectoid steels. The pro-

cess consists of heating the metal to 20-30° above the critical 

point holding at this temperature for a time of one-fourth the 

heating period, and then slowing cooling the metal in the fur-

nace down to 660-400°C at a rate of 100 to 150°C per hour. 

Annealing entails the phase recrystallization, so that the steel 

acquires a fine-grain structure. Full annealing reduces the hard-

ness and strength of steel, considerably improves its structure, 

and forms lamellar pearlite. 

Partial annealing consists of heating the steel to 30-40°G 

above the lower critical i.e. to approximately 750-760°C, and 

then holding and cooling the steel until the transformation is 
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complete. For tool carbon steels of the hypoeutectoid and hy-

pereutectoid types, partial annealing is the only kind of heat 

treating which produces globular pearlite, thus improving the 

steel workability and relieving stresses. After heating the steel 

and holding it at the specified temperature for 3 to 5 hours, the 

steel is left to cool slowly in the furnace. 

Homogenizing annealing is the process of heat treatment 

used for ingots and large castings to make the chemical compo-

sition of steel uniform due to diffusion. The steel is heated to 

1000-1100°C, allowed to soak for 10 to 15 h, and then cooled 

slowly down to 600-550°C. This type of annealing is conducive 

to, grain growth, for which reason the steel is put through the 

second (finish) cycle of annealing to give the steel a fine-grain 

structure and impart it high mechanical properties. 

Light annealing is the stress-relief annealing of otherwise 

satisfactory steel, which is done to unlock built-in stresses 

caused in the process of casting or other metal-working pro-

cesses. The steel is heated to a temperature much below the 

critical point, held at this temperature, and then cooled, usually 

instill air, until the cementite plates or needles of pearlite gather 

into globular, spheroidal form, for which reason this process is 

often referred to as spheroidizing. 

Normalizing is another type of annealing which involves 

heating the steel to 30-50°C above the temperature range, hold-

ing at the specified temperature, and subsequently cooling in 

motionless room-temperature air. Normalizing removes internal 

stresses and the effects of cold-work hardening, giving the met-

al a finer structure and a greater hardness and strength. Since 

the cooling rate here is greater than it is in other types of an-

nealing, normalizing often serves as a preparatory operation for 

steel hardening. It is advisable to normalize low-carbon steels 

since they practically exhibit the same properties after either 

annealing or normalizing, but the latter process is much more 

efficient. 
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Text 2 

Hardening 

 

The process of hardening increases the hardness, strength, 

and elasticity of steel, which consists of heating the steel to the 

point above the phase transformation temperature, holding at 

this temperature, and then rapidly cooling it (quenching). 

Austenite is only stable at specific temperatures. At a 

high rate of cooling, austenite begins to decompose. While 

slow cooling in annealing forms pearlite, fast cooling dissoci-

ates austenite, yielding a new structure of the fine-grain ferrite-

cementite mixture. The higher the rate of cooling, the smaller 

the grain size, and so the above mixture sharply differs in its 

properties from pearlite. The type of structure formed depends 

on the cooling speed. At a comparatively slow rate of cooling, 

for example in air, austenite converts to a structure called sor-

bite. When cooled in oil, austenite transforms into troostite. 

Sorbite forms in the temperature range from 600 to 500°C and 

has finer ferrite-cementite flakes then pearlite. Troostite ap-

pears at lower temperatures in the course of cooling from 500 

to 200°C. The ferrite-cementite flakes of troostite are still finer 

than those of sorbite. Troostite is harder than sorbite, with Bri-

nell hardness ranging from 350 to 450 as against BH 250 to 300 

for sorbite. Both of the structures are the mechanical mixtures 

of ferrite with cementite. When cooled in water which offers 

the highest cooling rate, austenite retains its structure in carbon 

steel down to approximately 250-200°C and then instanta-

neously changes into a new structure, called martensite. Butin 

high-carbon steels austenite converts to marten-site incomplete-

ly and is present as retained austenite. 

Martensite differs from sorbite and troostite both in struc-

ture and properties and represents a supersaturated solid solu-

tion of carbon in alpha iron, displaying a peculiar acicular 

structure. Martensite is the hardest and most brittle structure 
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having a Brinell hardness of 600 to 700 and Rockwell С hard-

ness of 62 to 72, with impact strength close to zero. Martensite 

is magnetic and retains residual magnetism, therefore magnets 

are hardened to form martensite, the process being known as 

marquenching, or martempering. Carbon steels should be 

quenched in water at 18°C. Depending on the rate of cooling, 

the steel structure can contain sorbite and troostite apart from 

martensite. Lower rates of cooling result in sorbite and troost-

ite. At the highest, critical rate of quenching, the metal trans-

forms into martensite. 

Quenching. 

To obtain the structure of martensite, it is necessary to 

overcool austenite at a fast rate in the temperature range of its 

lowest chemical stability, namely, within 550 to 650°C. In the 

temperature zone of martensite transformation, that is below 

250°C, it is more expedient to slow down cooling since the 

structure stresses arising from the build-up of a new crystal lat-

tice may have time to level off without affecting the hardness 

of martensite. The right choice of quenching medium, namely, 

water, aqueous solutions of salts, and petroleum oils has a con-

siderable effect on the result of hardening. Oil is used for 

quenching alloy steels. 

Hardenability and hardness penetration. 
Hardenability is a function of the carbon content of steel. 

The higher the carbon content, the more efficient the process of 

steel hardening. The steel poor in carbon, less than 0.3%, fails 

to harden. Hardenability is the ability of steel to harden to a 

definite depth. The hardness penetration is a very important 

property of steel. In the case of full hardenability, the entire 

cross section of a part acquires a uniform structure after harden-

ing and tempering. If the hardenability is low, surface layers 

sharply differ from internal layers which are much softer and 

less stronger than the hardened layers. Hardenability depends 

on the critical rate of quenching. The depth of a hardening zone 
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is a function of the temperature of heating and the quenching 

medium used. The assumption is that the hardened layers are 

the ones that contain no less than 50% martensite. 

Kinds of hardening. 
The methods of cooling determine several kinds of hard-

ening (quenching): single-step, two-medium (broken), graded, 

and isothermal hardening (austempering). Single-step harden-

ing is a simple process mostly applied to parts of ordinary con-

figurations. This is the case for parts of simple shapes made 

from hypereutectoid steel. Two-medium hardening involves 

two-stage cooling, first, for example, in water and then in oil or 

air. Graded hardening consists of fast quenching in a salt bath 

at a temperature slightly above 240 to 250°C to initiate the mar-

tensite transformation, holding at the given temperature, arid 

cooling in air. The graded cooling at different temperatures lev-

els off the temperature throughout the volume of a part and thus 

reduces stresses appearing in the process of hardening. 

Graded hardening is suitable for carbon steel parts of 

small cross sections, 8 to 10 mm. This type of hardening is also 

often appropriate in cases where parts of large cross sections 

are made of steel that has a low critical rate of cooling. Iso-

thermal hardening, just like graded hardening, uses a quenching 

medium whose temperature is slightly above the point of mar-

tensite transformation. The difference is that the period of hold-

ing at this temperature is quite long, until austenite separates 

out completely to form acicular troostite whose hardness is 

close to that of martensite, but the strength and plasticity are 

higher. After this stage of quenching, the metal is left to cool in 

air. Isothermal hardening is largely used for parts of complex 

shapes; it raises the metal ductility, does not cause cracks, and 

results in a minimum of buckling. 

The methods of quenching in hardening play an im-

portant role because cooling induces large internal stresses 

which can distort a part. It is essential to select the requisite 
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quenching medium and correctly immerse parts into the 

quencher. For example, long parts, such as drills and screw taps 

should be held in a strictly vertical position while dipping them 

in order to avoid buckling or any other type of distortion. 

 

Text 3 

Heat Treatment Defects 

 

In the text below we briefly consider some of the defects 

of heat treating, their causes, and the ways of correcting them. 

Insufficient hardness is the result of underheating of steel 

and short holding at the set temperature, or insufficient rate of 

cooling. Normalizing or annealing with subsequent hardening 

can remedy the defect. 

Overheat is heating at a temperature much above the crit-

ical point of hardening, which promotes the formation of a 

coarse-grain structure that is prone to brittleness. A way of cor-

recting the defect is to anneal or normalize the steel and then 

harden it, therewith heating the steel to the required tempera-

ture. 

Burn results from overheating at temperatures close to the 

melting point in the oxidizing atmosphere. Oxygen gets its way 

into the bulk of a steel part and reacts with the metal to form 

oxides located along the grain boundaries. This steel is highly 

brittle and is not amenable to refining by common methods. 

Oxidation and decarburizing show up as the formation of 

oxides (scale) on the surface of a part and as the burn-out of 

carbon in the surface layers. This kind of spoilage is not re-

claimable. A way of guarding against this spoilage is to heat 

parts in the furnaces with a protective atmosphere. 

Warping and craking arise from high internal stresses 

caused by changes in the metal volume as a result of changes in 

temperature throughout the entire cross section of a part during 

its heating and cooling. For example, the volume of steel in-
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creases 3% when austenite converts to martensite.  

A metal usually develops cracks at a temperature below 

75-80°C when martensite transformation occurs in an ap-

preciable portion of the steel volume. To prevent the formation 

of cracks, the rate of cooling in the temperature zone of marten-

site formation should be reasonably slow during oil quenching, 

two-medium quenching, or graded hardening. Also, in design-

ing parts, it is wise to avoid, where possible, sharp projections, 

pointed corners, and sharp transitions from thin to thick sec-

tions. In some cases, built-in stresses can cause warpage of 

parts if they do not produce cracks. Cracking results in nonre-

coverable rejects. Warping can be done away with by dressing 

and straightening. 

 

Text 4 

On Heat Treatment of Alloy Steels 

 

Heat treatment of alloy steels has its own specific features 

associated with the conditions of heating, rates of cooling, peri-

ods of holding at the set temperatures, and methods of quench-

ing. The thing is that alloy steels exhibit lower values of ther-

mal conductivity and require thorough control of heating, espe-

cially if they contain tungsten. The critical temperatures of al-

loy steels vary with grades and sharply differ from those of 

carbon steels. The elements that increase the critical tempera-

tures and, hence, the temperature of heating in annealing and 

hardening are tungsten, vanadium, copper, silicon, titanium, 

and other elements. So, the alloy steels containing these ele-

ments are heat treated at higher temperatures. Nickel and man-

ganese reduce the critical temperatures. All alloying elements, 

except for manganese, inhibit the grain growth. For this reason, 

alloy steels, with the exception of manganese steel, are not 

prone to overheating and can stand up to higher temperatures in 

the process of heat treatment. They require long holding, which 
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increases the entire period of heating. Long holding improves 

the mechanical properties because the carbides of alloying 

agents have time to dissolve more completely. The quenching 

rate depends on the stability of supercooled austenite and the 

critical rate of hardening. In this connection, most of the alloy 

steels are oil-quenched to form martensite at a slower rate than 

is the case for carbon steels. 

High-alloy high-carbon steels display a strong ability to 

self-hardening. In low-alloy low-carbon steels, this ability is 

weaker since austenite grains strongly oppose the process of 

their transformation into pearlite. In alloy carbon steels contain-

ing tungsten, molybdenum, and vanadium, carbides retain their 

hardness to a temperature of 500-600°C, whereas in carbon 

steels martensite disperses even at 200-240°C, which explains 

why the hardness of carbon steels sharply decreases with tem-

perature. High red hardness of alloy steels is a very valuable 

property without which cutting tools loose their ability to cut. 

Tungsten and vanadium form strong carbides impeding the 

growth of grains in heating and reducing the tendency to over-

heating. Vanadium aids red hardness and increases the effect of 

secondary hardness in tempering. 

Chromium contained in high-speed steel has the property 

to give a higher hardness. It heavily reduces the critical rate of 

hardening so that the steel can harden in air. Carbon is also an 

important element in the 'sense that it imparts the steel the abil-

ity to harden. High-speed steel heats through slowly and is 

strongly liable to decarburizing and cracking. For this reason, a 

common approach is taken to heat it in two steps: first, slowly 

up to 820-850°C and then fast, up to 1220-1290°C. 

Heating at the final step should preferably be done in salt 

baths to preclude decarburizing. The holding time at the hard-

ening temperature comes to only fractions of a minute. It is 

sometimes permissible to cool the steel in air. The structure of 

the hardened steel contains primary martensite, 30 to 40% re-
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tained austenite that has not had a chance to convert to marten-

site, and complex carbides. After its hardening, the high-speed 

steel should be annealed to remove built-up stresses. Annealing 

consists of two or three steps at 560°C, each for one hour. An 

approach used today is to anneal the steel in a single step and 

then to freeze it to minus 80-100°C to enable the retained aus-

tenite to separate into martensite which raises the hardness. Af-

ter hardening and annealing, the high-speed steel has a structure 

consisting of tempered martensite and carbides. 

 

Text 5 

Plastic deformation and its effect on the metal structure 

 

An impact force or squeezing pressure deforms a plastic 

metal to the desired shape without rupturing the metal part. As 

it undergoes plastic deformation, the metal changes its structure 

and, hence, its mechanical and physical properties. In shaping a 

piece of metal through plastic deformation, the stresses im-

posed on the metal must be in excess of the value typical of the 

elasticity limit but below the stress determining the ultimate 

strength of the metal. 

Mechanical working is only applicable to metals that dis-

play sufficient ductility, such as steel and alloys based on cop-

per, aluminum, and magnesium. Plastic working is quite an ef-

ficient process of shaping both hot and cold metals. In the 

course of working a cold piece of metal, the applied forces de-

form the crystalline structure so that the metal becomes harder 

and more brittle, while its ductility and toughness decrease. 

This process of changes in the properties of a metal is known as 

cold-work hardening. The cold-worked part must then go 

through the operation of heat treatment (annealing) to restore 

the metal properties. The annealing, or recrystallization, pro-

cess conducted at definite temperatures changes the elongated, 

deformed grains into grains of even sizes and removes the 
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worked-in stresses, yielding a finer-grain structure. 

At temperatures below the initial recrystallization tem-

perature, an effect called the recovery of metal appears, which 

does not lead to changes in the size and shape of deformed, 

elongated grains, but affords a considerable reduction of the 

residual stresses arising, for example, during the processes of 

casting and hot working. The ductility of metals gradually in-

creases as the heating temperature goes beyond the temperature 

range between cold and hot deformation, whereas the resistance 

to deformation decreases. The resistance of a metal to defor-

mation grows with the deformation intensity, and so the metal 

offers a greater resistance to the impact force than to the 

squeezing pressure. 

 

Text 6 

Rolling 

 

Rolling is the process of shaping a metal under defor-

mation by passing a metal bar between a pair of metal rolls ro-

tating in opposite directions, which squeeze the bar so that it 

increases in length and decreases in the cross-section area. The 

force of friction between an ingot and the pair of rolls enables 

the rolls to pull the ingot through the gap at a certain angle of 

the byte, while deforming it. 

The final dimensions of a rolled piece and its shape in 

cross section depends on the profile of the gap between the 

rolls. The materials subjected to rolling are steels and nonfer-

rous metals and their alloys. 

Fig.2a illustrates the process of lengthwise rolling, in 

which the ingot moves in the direction normal to the axes of 

rolls. In cross rolling, the axis of a rotating ingot is parallel to 

the axes of rolls. Both plain rolls (Fig. 2b) and size rolls (Fig. 

2c) are made from carbon and alloy steels and also from high-

strength iron with a chilled surface layer. 
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Fig.2. Lengthwise rolling (a); (b) plain roll; (c)rolls 

 

Size rolls have grooves of various shapes cut on their side sur-

faces. A combination of the grooves on the two rolls forms a 

roll pass. An ingot requires a roughing pass through a mill to 

give it a preliminary shape before accomplishing the finishing 

pass through the rolls to form the metal into the finished pro-

duct. 

There is a variety of rolling mills designed for shaping 

various ingots to the desired size. The main components of a 

mill are the drive, transmission mechanism, and roll stands. 

Mills can have two or more rolls, which bear the respective 

names of two-high (duo), three-high (trio), four-high (quarto), 

and multiroll mills. Universal mills include vertically arranged 

rolls in addition to the horizontal rolls. Unidirectional mills are 

nonreversing mills. In reversing mills, the rolls can reverse the 

sense of rotation. As mentioned earlier, mills can be equipped 

with plain rolls and size rolls. Examples of the mills intended to 

serve various purposes are primary, roughing, section, 

sheet/plate, rail, and tube mills. Mills come in small-section, 

medium-section, and heavy-section versions. 

Large primary mills are blooming or slabbing mills in-

tended to roll steel ingots 5 to 15 t in weight both into square 
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billets called blooms used for rolled sections and rectangular 

billets called slabs intended for shaping plates and sheets. The 

roll stands of section mills can be aligned parallel to each other 

Or placed in series. Continuous mills have a series of stands to 

work ingots that move sequentially from one stand of rolls to 

the next. Semicontinuous mills consist of roll stands arranged 

both in series and in parallel. Continuous mills offer considera-

ble scope for automating the process and increasing the 

throughput. 

The products of a rolling mill include finished items such 

as beams, tubes, and rails; billets intended for the subsequent 

operations of forging, stamping, drawing, and cutting; rolled 

sections such as rolls, square and rectangular pieces, structural 

channels, and I beams; and special kinds of rolled stock, for 

example, bands, disks, rotor blades, and rods and bars for balls 

and spherical rollers. Mills produce seamless and seamed tubes. 

The most popular method of producing seamless tubes consists 

of two stages. First, a piercing mill for cross helical rolling 

shapes a solid round billet into a pierced shell as its-rolls cause 

the rolling billet to execute a helical (screw) motion. Next a 

pilger mill reels the pierced billet into a tube of the required 

size. 

Seamed tubes with the welded seams provided by fur-

nace, pressure, or gas welding are made from hot-rolled low-

carbon steel strips on continuous mills. The processes of cross 

and skew rolling are used to shape symmetrical parts. 

The process of die rolling produces sections with regular-

ly changing and periodically repeating cross-sectional sizes. 

The rolled stock so shaped consists of a series of ingots intend-

ed for the subsequent operations of forging and die forming to 

produce, for example, crankshafts, axles, shafts, and levers. Die 

rolling carried out on common or special mills affords a higher 

throughput, effects savings in the amount of consumed metal 

by 25 to 30 %, and requires a smaller number of dies in com-
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parison with conventional processes. The shaping process in-

volves both lengthwise rolling and cross-helical rolling to pro-

duce ball-type pieces for ball bearings and other items. Steel 

sheets, bands, structural channels, and angles are bent on con-

tinuous or periodic-action roll-bending machines to obtain roll-

formed sections employed in construction engineering. The 

same operations as those employed in steel rolling are practica-

ble for shaping the ingots of nonferrous metals and their alloys 

into strips, sheets, bands, tubes, and other shaped sections. 

Hot rolling is the roll-forging process for shaping pieces 

of comparatively large cross-sectional sizes. Cold rolling is the 

process of shaping thin products, such as sheets and steel bands 

on reversing and continuous mills. Subsequent annealing then 

removes internal stresses and refines the grains. The process of 

liquid metal rolling combines the operation of casting with the 

operation of shaping of sheets, strips, and bands from nonfer-

rous metals and their alloys by pouring the liquid metal into the 

gap between the pair of water-cooled rotating rolls. This tech-

nique simplifies the process of rolling and makes it cheaper, 

since it obviates the need for casting ingots and preparing them 

for rolling. 

 

Text 7 

Drawing, Forging, and Extrusion 

 

Drawing, both hot and cold, is the process of deforming 

rolled, extruded, or forged bars by pulling them through draw-

holes or reducing dies, in order to reduce the cross-section area 

of the bar or to provide a better dimensional accuracy and 

smooth surface. 

After pulling a pointed end of the bar through the draw-

hole, the drawhead grips the bar and forces it through the die. 

The bar acquires the shape of the hole as it decreases in diame-

ter and increases in length. 
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Drawing is a widely used process for the production of 

wire, bar stock, pipe, and other pieces of constant cross sections 

and large lengths. Wire can be drawn into sizes down to 0.002 

mm across. 

The main parameters of a drawing process are the draw 

force, contact (external) friction, and draft per pass. 

The draw force must not cause plastic deformation at the 

front end of the bar, for otherwise the residual deformation will 

lead to breaking. For this reason, hot drawing of metals or a 

metal with a low yield limit has limited applications. 

The draw force is a function of the yieldability of a metal, 

contact friction, and the area of contact of the bar with the die, 

and so an increase in both the degree of reduction (strain) and 

friction causes a proportional increase in the draw force for the 

given drawhole geometry. 

The amount of force required to overcome contact fric-

tion accounts for 30 to 50% or sometimes 80% of the entire 

draw force.  

The contact force of friction and deformation work which 

largely produces heat increase an average temperature of the 

bar to 250°C and a temperature of the contact surface to 700°C. 

This promotes wear of the die, causes the metal to stick to the 

contact surface, and results in frequent breaks. So it is common 

practice to strive to reduce the force of friction. A basic ap-

proach to decreasing friction is to apply a lubricant to the con-

tact surface. 

The draft can be increased through tension held on the 

back end of the bar, which can reduce the metal resistance to 

deformation, minimize the effect of contact friction, and, hence, 

decrease the heating of dies. 

Bars and tubes of large diameters are drawn through dies 

from carbon and alloy tool steels. Hard alloy dies are used to 

draw steel wires up to 0.5 mm in diameter. Wires of smaller 

sizes are drawn through diamond dies. 
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In the process of drawing, metals undergo cold-work 

hardening. If cold work is undesirable, recourse is made to an-

nealing to soften low-carbon steel and nonferrous metals, to 

normalizing, or to patenting to remove stresses in medium-

carbon and high steels. Salt or lead patenting is done in a muf-

fle furnace. After its austenization at 880 to 920°C, the uncoiled 

wire is dipped into a bath with molten salt or lead heated to 

about 500°C, where austenite transforms to. troostite-sorbite. 

This structure imparts the optimal properties to the metal sub-

jected to drawing. 

Where the process of drawing involves a large number of 

runs, the product being drawn requires a few heat-treating op-

erations. The metal is commonly put through the intermediate 

heat-treating operation as the reduction at the given process 

stage reaches 70 to 85 %.  

A rolled or heat-treated bar has a hard scale on its sur-

face, which need be broken mechanically or etched before 

drawing. Carbon and alloy steels are etched in sulfuric or hy-

drocloric acids with concentrations ranging from 5 to 20% at 

temperatures of 50 to 80°C. The concentration of HC1 is com-

monly 5 to 10% and the temperature is about 50°C. 

The etching being over, the bars are flushed at once to 

remove the residues of the acid solution, metal salts, sludge, 

and slurry. The bars are commonly first flushed with hot water 

to dissolve the salts more rapidly and then sprayed with a jet of 

cold water at a pressure of about 0.7 MPa. 

With the scale flushed off, the bar is coated to provide an 

underlayer which must retain the lubricant during drawing and 

prevent the metal from adhering to the drawhole. The processes 

of depositing underlayers include sulling, copper plating, phos-

phating, and calcination, or lime pretreatment. 

In the operation of sulling performed in a steam-filled 

chamber, the metal is given a thin coat of ferric hydroxide Fe 
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(OH)3 which acts as a filler together with lime in the drawing 

process that uses a powdered soap. 

After etching, washing, and undercoating, metal work-

pieces are dried in air-circulating chambers at 300 to 350°C to 

remove moisture and safeguard the metal against pickle brittle-

ness. At large hardware plants, ganged setups carry out sequen-

tially the operations of patenting, ecthing, undercoating, and 

greasing. 

The drawing machines, or mills, which accomplish the 

drawing process are known as drawbenches. The draw-bench 

primarily consists of a die holder, a drawhead carriage, and a 

drive mechanism. 

The principle of operation of drawbenches depends on 

the design of drawing equipment. Chain, rack-type, screw, and 

hydraulic drawing devices ensure a straight-line motion of the 

bar stock for drawing rods and tubes at a draw force up to 1500 

kN. Drum-type drawing devices use drums to take up wire. 

Drum-type drawbenches are available in single-die (sin-

gle-drum) and multihole designs. The latter type of drawbench 

can have up to 30 drawing dies. 

Forging. The major types of hot forging operations for 

producing forged parts, or forgings, of various shapes and sizes 

include: hammering, upsetting, extruding, and rolling. Hammer 

forging, or drop forging, forms the metal heated to a plastic 

state into a desired shape by the blows of the falling weight of 

the ram. Press forging uses a slow squeezing action to deform a 

plastic metal to the desired shape. The blanks for large forgings 

are castings and those for small- and medium-size forgings are 

rolled pieces. Hand hammering is now a rare process intended 

for forging individual pieces up to 10 kg in weight for use in 

repair work and in very specific applications.  

The main types of forging equipment are hammers de-

forming the metal by the impact force and presses squeezing 

the metal under the static load applied to the blank. 
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Extrusion. This process works a piece of hot metal to the 

desired shape as the punch forces the hot billet placed within 

the chamber through the die opening, thus producing the extru-

sion. In cold extrusion, the punch forces the slug of metal to 

flow around the punch body into the shape-forming die. In the 

hot process, the plastic metal acquires a variety of shapes, for 

example, the shape of a solid or hollow-rod, depending on the 

shape of the die opening. This process produces various pieces 

by hot working the billets of aluminum, copper, and their al-

loys, and also the billets of zinc, tin, lead, and other metals. 

Rolled stock is used to extrude steel products. 

The two basic types of extrusion are the direct (forward) 

and the indirect (reverse) type. In the direct extrusion process, 

the metal flows in the direction of the punch movement. In the 

reverse process, the extrusion moves in a direction opposite to 

the punch motion. Extruding machines are commonly horizon-

tal hydraulic presses. Vertical presses find quite rare uses. 

Modern hydraulic presses can develop a force of 100 MN. Di-

rect extrasion requires a higher force than indirect extraction, 

since in the former process the metal rubs against the chamber 

walls, thus imposing the requirement for an additional pressure 

to overcome the friction of metal on the inside walls. The indi-

rect method is largely applicable for extruding solid rods of any 

shape. The direct method is exclusively used to form tubes. 

 

Text 8 

Foundry work 

 

Foundry engineering deals with the methods of produc-

tion of castings which serve as the structural elements of the 

desired dimensions, shapes, and properties after subjecting 

them to dressing and further treatment if necessary. The princi-

ple of casting consists of pouring the molten metal into a sand 

or metal mold whose cavity conforms to the shape of the re-
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quired casting. The casting results when the metal cools and 

solidifies. In many cases, casting proves the only method of 

manufacturing the required parts. This is particularly the case 

for the production of large and heavy parts, the parts of com-

plex shapes and also where the alloy used, for example, iron, is 

poorly ductile and is not amenable to mechanical working, such 

as forging or forming. 

Basics of Foundry Practice 

A wide range of metals go into the production of cast-

ings: gray and white irons; bronzes, brasses, and casting alloys 

based on aluminum, magnesium, and zinc; and refractory alloys 

based on titanium, niobium, vanadium, molybdenum, and tung-

sten. 

The process of production of castings. The sequence of 

operations involved in the process is the following: making pat-

terns and casting molds; preparing the melt; pouring the molten 

metal into molds; shaking out castings and knocking out cores; 

fettling the castings to remove gates and risers and to clean the 

cast products. Foundries use dispensable molds produced from 

molding sands, semipermanent molds, and permanent metal 

molds. The sand-casting process requires suitable molding 

equipment to produce molds from molding sands. This auxilia-

ry equipment includes the sets of patterns, pattern plates, bot-

tom boards, sand drying plates, cores, core boxes, flasks, gages 

to check molds and cores for dimensional accuracy, and jigs 

and templates. The patterns produced from wood, metals, and 

plastics are the forms bedded down in the sand to make an im-

print in the mold that conforms to the shape of the casting to be 

made. The cores prepared in core boxes, for example, from core 

sands and placed in the mold cavity serve to form the desired 

hollows in castings. Patterns and core boxes can be of the solid 

types or the loose-piece (split) types consisting of two or more 

loose pieces to facilitate the removal of patterns from the molds 

and cores from the core boxes. The mold held in a flask is made 
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up of the upper and the lower half called the cope and the drag 

respectively. The flask, or molding box, is a steel, iron, or alu-

minum boxlike frame, which consists of the cope and drag in-

tended to hold the cope and the drag of the mold. The bottom 

board supports both the flask and the mold made ready for 

pouring. Sand-drying plates serve for drying molds and cores. 

The design of a pattern is made in conformity with the 

drawing of the casting. Figure 3 illustrates a casting 1, split pat-

tern 2, and split core box 3. The pattern has protrusions Pcalled 

core prints to produce extra impressions in the mold, which act 

as the seats for the core protrusions supporting the core in the 

mold. The split box has the requisite cavities for obtaining the 

core supports. 

The pattern must be larger in size than the casting to al-

low for the linear metal shrinkage which reaches 0.9 to 1.6% 

for gray irons, brasses, and alloys based on aluminum, zinc, and 

magnesium. For steels, bronzes, and titanium alloys, the 

shrinkage ranges from 1.8 to 2.5%. The dimensions of a casting 

must also include a finishing allowance for subsequent machin-

ing. 

Molding and core sands. These are sand mixes or com-

pounds suitably rammed in flasks and core boxes to form sand 

molds and cores. The sand mixture must possess the requisite 

strength, plasticity, flowability, refractoriness, gas permeability, 

and yieldability or pliability. Yieldabilityis the deformability of 

the molding sand, i.e. the ability of the mold or core to shrink 

during metal shrinkage. Molding mixtures differ by the purpose 

they have to serve and include unit sands used to form molds 

without any additives, facing (parting) sands applied to the sur-

face of a pattern and rammed to form a packed layer 20 to 30 

mm thick, and filler (backing) sands to fill the flask with the 

rest of the sand. 
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Fig.3. Casting 1, split pattern 2, and core box 3 

 

The basic component of molding sands is the used sand duly 

reclaimed with refreshing additions of clay and sand and other 

virgin materials in amounts enough to restore the initial proper-

ties. The surfaces of molds and cores are given the coats of 

powders, pastes, and washes to reduce burn-on (metal penetra-

tion) and increase the surface strength. The most suitable dress-

ing material is a zirconium wash which accepts the additions of 

alloying and modifying rare elements and rare-earth elements 

used to improve the surfaces of castings. 

Core sands include clay-bonded mixtures for large frame-

shaped cores and also oil-bonded and resin-bonded mixtures 

using vegetable oils and synthetic resins as binders. 

Foundry practice widely employs quick-drying, carbon 

dioxide-blown mixtures bonded with liquid silica glass (water 

glass). Liquid self-set core sands do not require compaction. 

The base sand for these mixtures is quartz sand bonded with 

liquid glass. Cold-curing sands provide a permanent set in 20 to 

30 minutes. Resin-bonded core sands are hot-curing mixtures 

used for molding cores in boxes heated to 250-280°C. The 

sands harden for 1 or 2 minutes. New materials that effectively 

reduce the sand fusion on casting surfaces are zirconium and 

olivenite sands, magnesite, and chrome magnesite. 
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The choice of molding and core sands mainly depends on 

the type of casting alloy. Sand compositions are given in flow-

sheets. 

The process of preparing molding and core sands begins 

with the pretreatment and preprocessing of starting materials. 

The base sand, for example, quartz sand, is dried, washed, and 

charged into hoppers above mixers. Clay and coal are ground, 

dried, and then worked in ball mills to a fine powder. The used 

(circulating) sand is reclaimed by crushing the bonded lumps of 

sand and passing the loose sand through a magnetic separator to 

remove metal particles. The next stage involves mixing the 

prepared ingredients in requisite proportions and milling to im-

part the strength and plasticity to the mixture. The belt convey-

or transports the green sand to a settling hopper where the sand 

is held for 3 or 4 hours to acquire the uniform humidity over 

the entire volume. The sand is now ready for conveying to 

molding machines. The sands used for molds poured immedi-

ately after forming can be green, partially dried, dry, chemical-

ly hardening, and self-hardening. 

 

Text 9 

Special Casting Processes 

 

The processes employed to cast pieces for various ma-

chines and devices include: investment casting (lost-wax pro-

cess), shell casting (shell molding process), permanent-mold 

casting, and centrifugal casting. These techniques can produce 

castings of an increased dimensional accuracy, small surface 

roughness, and good service properties, which require the least 

allowance for machining or, sometimes, totally dispense with 

it. The above techniques are more efficient than the sand cast-

ing process and make it possible to improve the labor condi-

tions and reduce the harmful effects on the environment. 
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Investment casting. This precision casting process uses 

solid expendable (investment) patterns mostly prepared from 

easily meltable waxlike materials. The pattern is given a few 

coatings by dipping it into the slurries of hardening mixtures to 

form a solid refractory ceramic shell. Next the single-part mold 

so produced is heated to melt or burn the pattern. The shell is 

now placed in a steel flask which is then filled with the backing 

sand and passed through an oven to preheat it so as to remove 

the moisture from the shell, melt out the traces of the pattern 

compound, and also add the strength to the shell. The mold is 

now ready for pouring. Patterns are cast in master dies, or per-

manent molds, by injecting or pouring in to the die cavity a 

low-melting material such as wax, stearin, paraffin, or polysty-

rene that burns out without leaving a residue. The suspension 

used to form a shell on the pattern or the tree of patterns is the 

slurry consisting of the mixture of fine quartz, corrundum, and 

ethyl silicate that serves as a binder. 

The process of investment casting is useful in the manu-

facture of intricately shaped products from practically any al-

loys. A high dimensional accuracy and good surface finish ob-

viate in most cases the need for machining. The arithmetic 

mean deviation of the profile of castings, Ra, does not exceed 

25 µm. 

Shell casting. The shell molding process uses shell half-

molds produced with the aid of metal patterns. This precision 

process applied in large-lot and mass production of small and 

medium-size shaped castings can give high surface finish and 

good dimensional accuracy to cast products. The molding mix-

ture used to mold the shells for a single use consists of 92 to 

95% quartz, magnesite, or zirconium sand and 5 to 8% phenol-

formaldehyde resin. The operations involved in the shell mold-

ing process are the following. A single-sided metal pattern plate 

is sprayed with a parting mixture to form a coat that prevents 

the molding sand-resin mixture from adhering to the patterns. 
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Next the pattern plate is heated to 200-220°C and placed with 

the patterns facing downward on top of a turning open-faced 

dump box filled with the backing sand mixture. After turning 

over the box, the resin melts and bonds the sand grains, thus 

producing a shell 6 to 8 mm thick. The hardened shell is then 

stripped from the pattern plate. The second half of the shell 

mold is made in the same way. The two shells containing the 

cores properly fixed in requisite positions are now clamped or 

joined together with an adhesive and the shell mold so formed 

is placed in a metal flask which is then filled with a coarse sand 

or iron shots. The molten metal poured into the mold heats up 

the sand mixture and by the time the metal solidifies, the resin 

burns out and the mold and cores lose strength and break out 

readily in the shakeout process. Modern foundries are now 

complete with the equipment that mechanizes or automates the 

process of shell molding. 

The two processes described above use dispensable 

molds produced from nonmetals which poorly conduct heat. 

Since crystallization proceeds slowly, the metal acquires a 

coarse-grain structure and sometimes requires additional heat 

treatment to improve its mechanical properties. 

Permanent-mold casting. Permanent molds applied in 

this process are metal molds in which the molten metal fills the 

mold cavity by gravity. In distinction from sand molds and 

shell molds which must be broken after the production of every 

casting, the metal mold can be poured repeatedly to obtain a 

large number of castings. A permanent mold usually consists of 

two halves with a horizontal or a vertical parting plane. The 

best material for the production of these molds is gray cast iron 

which satisfies the basic requirements placed on metal molds; 

namely, it is sufficiently stable to thermal fatigue and well re-

sistant to heat erosion and warping. These molds are rarely 

made of steels and nonferrous metals. 
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Both steel and sand cores are used to form cavities in cast 

pieces. The working surface of a metal mold is given a heat-

insulating coat of a special paint to decrease the rate of cooling 

of the melt. At present, permanent-mold casting is a fairly au-

tomated process employed for large-lot and mass production of 

items. 

Die casting. This is a modified permanent-mold process 

in which a die-casting machine injects the molten metal into the 

die cavity at a pressure of up to 100 MPa and maintains excess 

pressure while the metal solidifies. 

The two basic methods of die casting include the hot-

chamber method and the cold-chamber method. 

Figure 4 illustrates the process of casting in a vertical-

plunger hot-chamber die-casting machine which can cast pieces 

with thin walls down to 0.5 mm thick and small holes at a high 

dimensional accuracy. 

The pressure chamber 2rests in a pot 4of molten metal 

which flows into the chamber through an inlet opening 3 in the 

chamber wall when the piston 1,or plunger, is in the up position 

(Fig.4a). As it begins to travel downward in the cylinder, the 

piston closes the opening 3 and builds up pressure which forces 

the metal through the gooseneck 7 into the sprue6 and then into 

the die 5 (Fig.4b). After the casting solidifes, the piston 1 re-

turns to its initial position, and the melt left in the gooseneck 

flows down into charging chamber (Fig.4c). The split die nows 

opens and ejector pins 8 push off the casting 9, following which 

the die closes, completing the cycle. The pressure chamber and 

piston operate in the most unfavorable conditions since they are 

constantly in contact with the molten metal. 

A horizontal-plunger cold-chamber machine has more fa-

vorable conditions for operation of the chamber and the piston. 

It can build up higher pressures sufficient for casting massive 

items from any alloys, including iron and steel. A disadvantage 
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of this type of machine is that it involves difficulties in casting 

thin-walled and high-precision items. 

Die casting is one of the high-productive precision pro-

cesses, which produces castings of high dimensional accuracy 

and good surface finish. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Casting at controllable pressures. There are three 

methods of producing castings at controllable pressures: low-

pressure die casting in which the melt fills the die, and soli-

difies at a pressure of about 0.1 MPa; vacuum suction casting 

which will be given consideration later in the text; and low-

pressure casting under counterpressure, or counter gravity cast-

ing. The above methods can control the injection of metal into 

molds by adjusting the pressure. This improves the mechanical 

properties of castings since the process excludes the formation 

of blowholes, pin holes, and oxide films. 
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Centrifugal casting. Among the special casting pro-

cesses, this process holds the lead in the volume of production 

of cast items. Centrifugal casting involves pouring liquid metal 

into a revolving mold which continues to rotate at a definite 

speed during the entire period of metal crystallization. The 

metal is held against the wall of the metal mold by centrifugal 

force, so the casting acquires a dense structure of increased 

strength because the segregated gases and slag move to the cen-

ter of the casting under pressure exerted on the metal. The im-

purities on the inner surface of the casting can then be removed 

by boring the casting. 

Any symmetrical object can be cast by rotating the mold 

about its horizontal or vertical axis (Fig. 5). In both cases illus-

trated in Fig. 5, the axis of rotation coincides with the axis of 

the casting, the wall thickness being determined by the amount 

of the metal poured. In casting small shaped pieces, the axis of 

rotation may not coincide with the axis of the piece. This meth-

od is known as centrifuge casting. 

Centrifugal casting is used for individual, batch, and mass 

production of items from various alloys in metal and shell 

molds. The range of products cast includes pipes, bushings, 

sleeves, liners, piston rings, wheels, pulleys, barrels, and two-
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layer (bimetallic) objects. Centrifugal casting is the most wide-

ly used method for the production of iron pipes. 

 

 

 
 

 

Fig. 6. Principle of electroslag casting 

 

Continuous and semicontinuous casting. The principle 

of the continuous or semicontinuous process consists in the fol-

lowing. The liquid metal poured from the ladle into an open-

bottom water-cooled mold, or crystallizer, gives up heat to the 

cold mold wall and becomes plastic at the lower end of the 

mold, where special mechanisms pull out the metal which con-

tinues which continues to solidify in air. The mold can be 

round, rectangular, ring-like or can have any other shapes to 

produce round bars, square rods, pipes, or long pieces of com-

plex profiles. 

In the continuous process, liquid metal flows uniformly 

and continuously into the water-cooled mold, and primary rolls 
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draw the solidifying metal downward, producing a cast piece of 

any desired length. In the semicontinuous process, the bottom 

plate with a dummy slab closes the lower end of the mold to 

enable the molten metal to fill it, following which the plate 

goes downward and pulls out the solidifying metal to obtain a 

cast piece of the specified length. A suitable transmission 

mechanism then moves the plate upward to its initial position. 

Cold water forced in the space between the inner and out-

er thin metal walls of the mold effectively removes heat. 

Electroslag casting. This technique combines the process 

of melting with the process of casting by remelting the metal 

electrodes of the requisite chemical composition to provide the 

melt which gradually fills the mold (Fig.6). The molten slag of 

a definite composition preliminarily poured into a water-cooled 

copper mold 6, or crystallizer, acts as a resistor and creates heat 

when the current flows through it. The power source supplies 

current through electrodes 7 and dummy bar 1 in the bottom of 

the mold 6.The slag hath 4heated to 1700°C and above causes 

the electrode ends immersed into the bath to melt. The drops of 

molten metal pass through the slag layer, which clears them of 

harmful impurities, and accumulate in the crystallization zone, 

forming a metal bath 3 under the slag layer. The remelting elec-

trodes continuously supply the upper portion of the bath 3 with 

the liquid metal, while the lower portion of the bath gradually 

solidifies as it gives up heat to the mold walls. As the metal 

continues to fill up the mold, forming the casting 2, the melting 

electrodes move upward in step with the rate of solidification. 

The water-cooled metal core 5 also travels upward in a similar 

manner to produce a hollow in the casting if required.  

Typical areas of application of the method include: metal-

lurgy, to produce mill rolls and metal molds for centrifugal 

casting of pipes; shipbuilding, to cast crankshafts of high-

power diesel engines; and power engineering industry, to man-

ufacture gate valves for superhigh-pressure steam lines and 
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bodies of nuclear reactors. The method can be used to cast 

items commonly produced by the methods of plastic metal-

working. 

Vacuum suction casting. In this method, the molten 

metal fills the mold by virtue of maintaining a vacuum in the 

mold cavity. By changing the difference between the atmos-

pheric pressure and the pressure in the mold cavity, it is possi-

ble to adjust the desired rate of pouring and control the casting 

process. Pouring under vacuum causes the metal to fill quite 

narrow cavities5and thus permits the production of thin-walled 

castings 1.0 to 1.5 mm thick. The method excludes the entrap-

ment of air in the molten metal, increases the dimensional accu-

racy of castings and improves their mechanical properties. 

Squeeze molding. The principle of this method of casting 

lies in the following. Instead of closing the mold after pouring 

it, a turning half-mold squeezes the metal poured into the mold 

as it moves closer to the second half-mold and causes the metal 

to fill more completely the mold cavity. The mold then closes 

as it squeezes out the excess metal into the ladle and is left to 

stand for metal solidification. This process reduces the loss of 

heat by the melt, produces thin-walled large-size castings, and 

makes up for the metal shrinkage by reducing the volume of the 

casting in the course of squeezing and solidification. 

The castings produced by this method have a good struc-

ture and improved mechanical properties because the metal fills 

the mold gradually and the casting takes up the desired shape at 

the end of metal squeezing. The materials used to cast pieces by 

this process are commonly aluminum and magnesium alloys. 

 

 

 

 

 

 



 86 

Использованная литература 

1. Technology of metal A. Kucher, Mir Publishers, Mos-

cow, 1990. 

2. Журнал “Metal” 2010. № 4,7,11. 

3. А.Г. Савинский. Учебное пособие для металлурги-

ческих вузов. – М.: «Высшая школа», 1992. 

 

 

 



 87 

Учебное издание 

 

 

Елихина Ольга Викторовна 

 

 

 

English for metallurgists 

 

 

Учебное пособие. 2 часть 

 

 

 

Редактор Г.В. Атмашкина 

Компьютерная верстка  О.В. Елихина 

 

 

 
Подписано в печать 17.01.12 Бумага офсетная  

1Формат 60 х 90 
16

 Печать офсетная Уч.-изд. 5,4 л.  

Рег. № 214 Тираж 100 экз. Заказ  

 

 

 

 
Электростальский политехнический институт филиал 

Федерального государственного автономного образовательного  

учреждения высшего профессионального образования 

 «Национальный исследовательский  

технологический университет «МИСиС» 

144000, Московская обл., г. Электросталь,  

ул. Первомайская, д.7. 

Тел. (496) 57-4-30-24 

 


