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1.
Preliminary Exercises.

I. Read and memorize the names of chemical elements:

	carbide
	manganese

	carbon
	oxygen

	iron
	nitrogen

	hydrogen
	phosphorus

	graphite
	silicon

	lead
	sulphur


II. Translate the words of the same root:

a) solution — soluble - solubility - insoluble - dissolve,

b) pure - purity - impure – impurity.
III. Translate the following words as nouns, and as verbs:

alloy;. amount; effect;  range; result.

IV. Translate the following sentences paying attention to the participles:

1. Steel consisting of only iron and carbon is known as "plain carbon steel".

2. Forming small globules insoluble in iron, lead can be added into steel to increase its machinability.

3. Being known for a long time, the basic oxygen process is still widely used.
4. Elements introduced into steel during steelmaking and impro​ving its properties are called "alloying elements".

5. Added to remove oxygen from molten steel, manganese is an. important, alloying element.

STEEL

Steel is an alloy with a base of iron, malleable in some temperature ranges as originally cast1 and containing a certain amount of carbon. Steel differs from iron by its low carbon con​tent - usually below 1.5 per cent. Being present in chemical combination with iron as carbide of iron, carbon gives steel strength and hardness, while in its free form, that of graphite, it involves a loss of ductility and malleability.

Besides iron and carbon, steel contains many other elements. Some of them, called "impurities", get into steel from raw materials, others are introduced into steel on purpose2, to improve its properties. The latter are called "alloying elements".
The most important impurities in steel are manganese, sili​con, sulphur, phosphorus, and some gases - oxygen, hydrogen and nitrogen. Since the gas analysis of steel made to determine its gas content is a complicated matter, the quality of steel is evaluated by its sulphur and phosphorus content as well as by the amount of non-metallic inclusions. It is common practi​ce3 to maintain sulphur as low as possible, not exceeding 0.05 per cent. The exception are free-cutting steels containing 3 or 4 times this figure.

Most, of the steel used to-day is of the type called “plain carbon steel”, which consists essentially of iron and carbon. The process of making such steel has been known for centuries. Intensive research into the effect of various alloying ele​ments on the properties of steel has led to the development of «any special steels with improved properties, such as stainless steels, heat resistant steels, special tool steels, free-cutting steels -to name but a few4.
The research is still going on. One of the recent develop​ments are free-cutting steels containing lead as an alloying element, As it is known, lead is practically insoluble in iron and forms small globules in it bead inclusions have been found to improve the mechanical properties and machinability of steels. By introducing leaded steels into production the Volga Automoti​ve Works, for example, has considerably reduced production costs of many parts.

There are several steelmaking processes, the oldest and still widely used of which is the open-hearth process.
Notes to the text.

1. as originally cast – в литом виде
2. on purpose - намеренно
3. it is common practice - на практике принято
4. to name but a few – и это лишь немногие из них
Words and word combinations to be remembered:
amount (v, n), complicated, content, effect (v, n), evaluate, ex​ceed, improve, introduce, maintain, production, 'range (v, n), reduce; 
development - достижение, .разработка, развитие
ductility - тягучесть, пластичность, ковкость

essentially - по существу 

figure  - цифра

hardness - твердость

impurity - примесь

inclusion - включение 

insoluble - нерастворимый

involve - вызывать


malleable -ковкий
malleability - ковкость, тягучесть

strength - прочность
steel - сталь
alloyed steel - легированная сталь

free-cutting steel - автоматная сталь
heat resistant steel - тугоплавкая сталь
leaded steel - свинцовистая сталь
plain carbon steel - низкоуглеродистая сталь 

stainless steel - нержавеющая сталь       

tool steel - инструментальная сталь 

alloying elements - легирующие элементы 

open-hearth process - мартеновский процесс
production costs - производственные расходы 

raw materials - сырье 
content -содержание
V. Translate the following pairs of sentences paying attention to the underlined words.

la. The carbon content in steel ranges from 0.02 to 1.5 per cent.
b. Heat treatment of steel within proper temperature ranges is necessary to make steel with desirable mechanical properti​es.
2a. Steel producers of the 19th century investigated the effect of manganese on the properties of steels.

b. Various amounts of alloying elements effect steel in diffe​rent ways. 
3a. Carbon present as graphite results in a loss of ductility of steel. 
b. Improved mechanical properties, lower production costs, higher productivity are among the results of the intensive research in the field of alloyed steels. 
4a. One way to improve machinability - is to alloy steel with leаd. 

b. The use of the resulting alloy makes the production costs lower. 
5a. To remove impurities from molten steel certain amounts of alloying elements are added.

b. The carbon content in plain carbon steels amounts up to 1.5 per cent. 
VI. Translate the following words and word combinations into Russian.

Alloying element, alloyed steel, plain carbon steel, stainless steel, tool steel, free-cutting steel heat resistant, steel, non-metallic inclusions, sulphur content, three times the amo​unt of carbon, to maintain phosphorus as low as possible, loss of ductility, temperature range, raw materials, as well as, on purpose, widely used, strength, hardness, malleability, impurity.

VII. Answer the questions:
1. What elements does steel consist of?

2. What properties does carbon give to steel?

3. Why must carbon be present in steel only in chemical combi​nation?

4. What two kinds of inclusions may steel contain?

5. What is the difference between impurities and alloying ele​ments?

6. What are the main impurities in steel?

7. By what impurities is the quality of steel evaluated?

8. What sulphur and phosphorus content is allowed in steel?

9. What kind of steel is called "plain carbon steel"? 
10.Why are alloying elements introduced into steels? 
11.What alloyed steels do you know?

VIII. Discuss the following topics:

a.
The main constituents of steels.

b.
Impurities and alloying elements in steels.

c.
Alloyed steels.

IX. a) Read the text without a dictionary:
Impurities in Steel.
Some impurities in steel dissolve in iron making solid solutions and forming the so-called "second phase" when their exceeds their solubility limits in iron; others com​bine chemically, producing insoluble inclusions.       

Manganese and silicon dissolve readily but they distort the lattice
of the solid solution of iron, thus decreasing the plasticity of steel. So there is an upper limit for each of them: silicon is kept below 0.4 per cent and manganese is allowed up to 0.8 - 1.0 per cent. Naturally, the amount of manganese and silicon can exceed these limits, hut if HP, they are said to be alloying elements.

Extreme low solubilities of sulphur and oxygen in iron is the reason why these elements combine with iron and other elements to form non-metallic inclusions, sulphides and oxides. Non-metallic inclusions do not dissolve in iron and their pre​sence in steel is undesirable. The higher the inclusions, the lower the grade of steel. Too high a percentage of sul​phides, for example, decreases the plasticity of steel both in hot and cold working.

To improve mechanical properties of steel it is necessary to minimize the amount of inclusions. In best grade steels, such as tool and bearing steels, it is maintained as low as possible and, besides, it is defined for each melt.

Nitrogen can be present in steel both in solid solution and in the form of nitrides. The latter are very small hard partic​les, often of sub-microscopical dimentions and harmful for properties of steel. When in great amounts, nitrides lead to strain which is so common in plain carbon steel.

b) Choose the correct variant showing that you have under​stood the text.

1.
When the silicon content in steel is more than 0.4 per cent
steel is considered as an ...

a) impurity
b) alloying element

2.
Sulphides and oxides are ... in steels.

a) alloying elements   b) metallic inclusions   c) non-metallic inclusions.

3.
Steel high in sulphides has ...

a) low plasticity     b) high plasticity

4.
The lowest possible amounts of non-metallic inclusions ...
a) improve the quality of steel b) lower the quality of steel 
5.        Nitrogen ...

a) dissolves in iron in any amount

b) forms nitrides as it does not dissolve in iron

c) forms both solid solution and nitrides 
X. Translate using a dictionary:

Non-metallic inclusions lower fatigue strength of steels. Changing their form on rolling, they give rise to a fibrous structure» consisting of a great number of long, thin fibers of a non-metallic origin incorporated in iron. Since strength and plasticity along the fibers are considerably greater than those in the transverse direction, the fibrous structure is the main cause of anisotropy in rolled and forged  products.

Besides the impunities mentioned above steel can contain minor amounts of other elements. Some of them get into steel from ores, fuels, refractory materials and scrap, their presence is difficult to predict and their content is low, hardly with​in the limits of the chemical analysis.

These are termed "trace elements"x. The consent of others cannot be considered as extremely low. Their presence in steel is due to raw materials and they can influence some properties of steel. The latter inclusions are called “tramp elements”x. Chromium, nickel and copper are the most common tramp elements in carbon steels. Their total content must not exceed 0.9 per cent, otherwise they can render hot rolled steels excessive hard​ness, which, in turn, can lead to worse machinability.

Steel production from raw materials is largely dependent on the oxidizing effect of oxygen. The ample amount of oxygen is delivered with either air, iron ore, or from special sources of purified oxygen. During steelmaking, the excessive amounts of carbon and other constituents of the steel are oxidized. Carton monoxide leaves the molten steel in the form of gas bubbles and other oxides, being lighter than the molten steel, float onto the surface of the metal and form a slag.x - see page 24.

2. 
Preliminary Exercises 
I. Read and translate the following groups of words:
oxygen - oxide - dioxide - to oxidize - to deoxidize - oxidation 
carbon - carbide - to carburize (to carbonize) - to recarburize (to recarbonize)

II. Bead and translate the following words as nouns and as verbs:

place; charge; process; heat; melt; charge; control heat; melt; place; process; progress.

III. Translate the following sentences into Russian, paying attention to the Absolute Participle Construction:

1. Lead being insoluble in iron, leaded steels have better me​chanical properties and machinability.

2. The Volga Automotive Works was the first in the USSR to use leaded steels, this resulting in considerable reduction of pro​duction costs.

3. Manganese and silicon decreasing the plasticity of steel, there is an upper limit for each of them.

4. Steel is an alloy of iron and carbon, with alloying elements introduced to improve its properties.

5. Gas analysis of steel being a complicated process, the qua​lity of steel is not determined by the gas contain in it. 
IV. Find in the text 3 sentences with the Absolute Participle Construction.

The Open-Hearth Process

The open-hearth process is still the most commonly used process for making steel.
The open-hearth furnace consists of a large shallow hearth with a low roof. The charge is placed in the hearth and heated by a flame, which is blown over the top of the melt, first n one side, and then on the other side. This flame also heats the low roof so that radiation maintains the heat level.

The furnace also has "checkers" built in both ends. The hot gases passing through the stacks in these checkers give up their heat to the brick. When heated, the burner above these heated checkers turns on, and the flow of air in the furnace reverses. The incoming air now passes through the heated checkers, this preheated air helping to maintain the high heat required.

The charge consists of scrap steel, molten pig iron, and iron ore to control the carbon content.

To accelerate the removal of carbon and to shorten the melt-down period oxygen lances are now used. They are inserted either through the roof of the furnace through the slag and in​to the melt, or directly under the burner tubes.

The open-hearth process consists essentially of the fol​lowing steps: meltdown, hot metal addition, carbon boil and tap​ping.

As soon as the first scrap has been added, oxygen is injec​ted to quickly melt the solid scrap and maintain a high tempe​rature and oxidation. As soon as part of the charge has started to melt, molten pig iron is added to the hearth from a ladle.

Very soon silicon and manganese are removed by the forma​tion of oxides. They become part of the slag. This reaction progressing, the carbon oxides into carbon monoxide, with gas bubbles agitating the melt. This is called carbon boil.

These processes completed, the refining phase begins. Du​ring this period the phosphorus and sulphur content is lowered, the carbon is eliminated, and the metal is processed to a condition suitable for tapping.

Tapping is the final operation. The tap hole is opened, and the metal is allowed to flow into large ladles. At this point, the addition of alloys takes place to recarburize and deoxidize the melt. When the appropriate amount of slag covers the melt, the ladle is lifted by a crane, and the metal is poured into ingot molds.

n open-hearth furnaces up to 500 tons of steel are made in one melt. The process takes several hours even when oxygen is used to speed up the process.

Words and word combinations to be remembered: 
accelerate, as soon as, blow (v, n), bubble, charge (v, n), com​plete (v), control (v, n), directly, eliminate, flame, insert (v), level, melt (v, n), progress (v, n), removal, speed up, turn on, condition.

agitate - перемешивать 
brick - кирпич 
burner - горелка 
checker - насадка 
common - обычный 
furnace – печь
give up (heat) - отдавать тепло 
hearth- под (печь) 
ingot mold - изложница 

inject - вводить, впрыскивать
ladle – ковш

lance - трубка (для подачи кислорода)

pig iron - чугун
pour - разливать
preheat - подогревать
ore - руда

refine - очищать
revrerse - менять направление

roof -свод
scrap -  скрап, лом

shallow -мелкий, неглубокий

stack - дымоход

tapping  -выпуск
tap hole -выпускное отверстие

carbon boil -углеродное кипение

hot metal addition - добавление горячего металла

melt dawn - расплавление
V. For each word in group A find the synonym in group B:

A.
accelerate; process(v.); finish; maintain; start; eliminate; final; under,

B.
below; begin; last; remove; complete; keep; speed up; treat

VI. Translate the following pairs of sentences paying attention to the underlined words.

la. Special сors place the charge into t lie hearth.

b. The addition of alloys takes place at the final step of the open-hearth process.

2a. The charge in the open-hearth furnace consists of both so​lid scrap and molten pig iron.

b. Special cars charge the scrap into the furnace. 
3a. It takes several hours to process steel in the open-hearth furnace.

b. To control the open-hearth process the melt is analyzed se​veral times.

4a. Radiation from roof helps to maintain the high heat, necessary for the process.
b. The burners above the checkers heat the incoming air. 
5a. Molten pig iron is added when the solid scrap has started to melt. 
b. Oxygen lances are sometimes placed through the slag and in​to the melt.
VII»  a) Answer the questions:

1. What main parts does the open-hearth furnace consist of?

2. What charge is used for the open-hearth furnace?

3. Where is the charge placed?

4. By what means is the high heat required for the open-hearth process maintained? 
5. How is the flame blown? 
6. For what purposes are oxygen lanced used? 
7. What is the capacity of the open-hearth furnace? 
8. How long does the open-hearth process last? 
b) Describe the open-hearth furnace.

VIII. a) Complete the sentences with proper word groups given below.

The Open-hearth Process.

1. The first step is called the...                             During this period...
2. The second step is called the...                         During this period...
3. The third step is called the...                            During this period…

4. The fourth step is called the...                          During this period...
5. The fifth step is called the...                             During this period…

	tapping
	solid scrap is melted

	carbon boil        
	carbon monoxide is formed agitating

	refining period      
	the bath molten pig iron is introduced

	hot metal addition    
	the phosphorus and sulpher content is lewered and the carbon is eliminated

	melt down
	alloys ere added to recarburize and deoxidize the melt


b) Describe the open-hearth .process.
IX. Translate the following word combinations into Russian:
as soon as; at this point; burner tubes; carbon boil; gas bubbles; incoming air; ingot moult; iron ore; open-hearth process; tap hole; scrap steel; top of the melt; to blow a flame; to complete the process; tо give up heat; to inject oxygen; to pour the metal; to reverse the flow of air; to recarburize the melt; essentially; the most commonly used process; molten pig iron; preheated air. 
X. Make a written translation of the text without a dictionary.

Gas bubbles are formed at the bottom of the furnace below the layer (слой) of the molten metal. Each bubble has to pass through the metal and the slag before escaping into the atmosphere of the furnace. The process of carbon oxidation is of great importance because agitation of the molten metal and slag with gas bubbles helps heat them from the above and maintain the proper temperature of the bath. Secondly, bubbles of carbon monoxide wash the gases, especially nitrogen and hydrogen, out of .he melt. It is common practice to allow the carbon content of the melt at least 0.5 - 0.6 per cent higher than necessary for the final product.

To increase the rate of carbon oxidation some iron ore is added into the furnace. At the beginning of melting limestone (известняк) contained in ore decomposes (разлагаться) releasing carbon dioxide. While being released, the carbon dioxide agitates the molten bath, this action serving a double purpose; to heat the bath and to remove gases from the melt. 
XI. a) Translate the text with a dictionary.

Furnace Lining.

The type of furnace lining used is one important means of controlling the purity of steel. The elements such as carbon, manganese, sulphur, phosphorus, and silicon must all be elimi​nated, or very drastically reduced. The desired elements are then added.

The union of iron and carbon produces plain carbon steel. The addition of molybdenum, manganese, chromium, nickel, tung​sten, etc. impart special characteristics (not necessarily in the order listed) of strength, heat resistance, corrosion resistance, etc.

As has been indicated, the lining is an important aspect in the purification of iron. The two linings used are the acid li​ning and the basic lining. Carbon, silicon, and manganese may be removed by using either lining.

The removal of phosphorus and sulphur is accomplished with lime, which forms a basic slag. This basic slag will not react with a basic lining, and therefore the phosphorus and sulphur are removed from the iron.

Furnaces lined with silica are classified as having acid linings. Acid linings cannot remove phosphorus and sulphur, and consequently pig iron low in phosphorus and sulphur must be used.

Furnaces with acid linings are not suitable to produce high-grade steels, as iron ores are commonly too high in phosphorus. This is why furnaces with basic linings constitute almost all the equipment in the steelmaking industry to-day. Basic refrac​tories have a number of disadvantages, but they withstand the drastic chemical action of a molten basic slag.

b) Write a summary of this text.

3.

Preliminary Exercises.

I. Translate into Russian paying attention to the infinitives used as attributes:

1. Steels produced by the open-hearth process contain a certain amount of non-metallic and gas inclusions to be eliminated by further treatment.

2. The process to be described in some detail below has been developed by Soviet metallurgists. 3. The slag to be used in the process can be changed according to the type of inclusions.

II. Compare the following pairs of sentences:

la. Most of the steel produced by the open-hearth process can be used without any further treatment.

b. Most of the steel produced can be used without any further treatment. 
2a. Not all raw materials used for the open-hearth process of making steel are introduced simultaneously.

b. In the open-hearth process not all raw materials used are introduced simultaneously. 
3a. The electric current passed through the electrode genera​tes intense heat.

b. The electronic current passed generates intense heat on the electrode.

Quality of Steel

Any steel produced by conventional steelmaking processes can be used as it is run from the furnace1. However, plain carbon and many alloyed steels contain non-metallic and gas inclusi​ons. Since modern engineering process require steels with im​proved mechanical properties, these inclusions must be elimi​nated. There are various ways to lower the proportion of non-metallic and/or gas impurities, the choice of the best suitable process being determined by the particular properties desirab​le in the steel, the ingot weight, and the production costs.

Electroslag Befitting

This is a means by which steel can be produced with a lower proportion of impurities and a superior macrostructure. The pro​cess has been developed in the Soviet Union and won recognition rot only in the USSR, but also abroad. Рог this outstanding achievement a group of Ukrainian scientists and engineers has been awarded the Lenin Prize.

The material to be refined in this way is first formed in​to a consumable electrode, the tip of which is buried in a pool of liquid slag located on the bottom of a water-cooled mould. The current travels from the tip of the electrode through the slag pool to the base of the mould. Because the slag in the mol​ten condition offers high resistance to an electric current, the passage of the electricity through it generates instances heat.

This heat causes the end of the electrode to liquefy, and the molten steel drips to the bottom of the mould. The interac​tion between the liquid droplets of steel and the molten slag produces a pure steel free from non-metallic inclusions. This makes electroslag refining a versatile process, for the chemi​cal composition of the slag can be changed to suit the composition of inclusions. As the electrode is used up, it is automa​tically fed forward into the mould.

The result is a highly refined metal.

The advantages of this process are a great reduction in the number of non-metallic particles in the metal, while those that remain are smaller and more uniformly dispersed throughout the mass. The macrostructure is also much more uniform. Besides, as the ingot solidifies in the almost vertical position, forging, rolling and other forms of mechanical working become much easier.



The process is specially suitable for refining high quality steels, such as those used for tools, dies, ball and roller bearings, parts of gas turbines, etc. It will almost certainly-fee applied to other steels requiring freedom from impurities, uniform macro structure and high quality.

The equipment required comprises merely a transformer, a mould, and suitable mechanical means for holding and regulating the movement of the electrode.

There are, however, some limitations to electroslag refi​ning. Being effective for ingots weighing up to 60 tons, the process cannot be applied to produce larger ingots. Besides, while being suitable for eliminating various non-metallic in • elusions, it does not effect the amount of gas inclusions.

Note to the text. 
1. as it is run from the furnace - сразу после ее выпуска из печи 
Words and word combinations to be remembered:

bury.- погрузить, опустить 
conventional -обычный, стандартный 

cool - охлаждать  
die - прессформа
disperse - рассеиваться, распространяться 
drip - капать 
droplet - капелька 
feed (fed, fed) - подавать    
form (v) - придать форму     
ingot - слиток
interaction - взаимодействие

merely – только

mould - кристаллизатор 
passage – прохождение
pool - ванна 
proportion - пропорция 
refine - очищать 
rolling - прокатка 
solidify - затвердевать
uniform - однородный
use (up)  использовать израсходовать

versatile - универсальный, многосторонний 

ball bearing - шариковый подшипник 
consumable electrode - расходуемый электрод 
electro slag refining – электрошлаковый переплав 
mechanical means - механическое устройство 
mechanical working - механическая обработка 
offer resistance - оказывать сопротивление
roller beaming - роликовый подшипник
 III. Translate into Russian without a dictionary paying atten​tion to the words "since", "for", "as".

1. High titanium and silicon steels cannot be refined by the electroslag process since titanium and silicon oxidize re​adily.

2. Since the electroslag refining process was invented, some modifications have been made to make it faster and more ef​fective.

3. Since the introduction of electroslag refining into general use it has become possible to produce high quality steels used for tools, dies, ball and roller bearings, parts of gas turbines, etc, 4. Electroslag refining is a versatile process for it allows to change the slag according to the type and composition of im​purities.

5. The process of making pain carbon steel has been known for many centuries.

6. Both iron ore and steel scrap are widely used as raw mate​rials for the open-hearth process.

7. As the ingot solidifies in the almost vertical position, rolling, forging and other forms of mechanical working are made easier.

8. As the molten steel drips to the bottom of the mold, it in​teracts with the molten slag.

9. Great reduction in the number of non-metallic particles in the metal as veil аз much more uniform macro structure make electroslag refining suitable for refining high quality steels.

IV. a) Arrange the following sentences in the correct order: 

1. This causes the metal at the tip of the electrode to melt and drip to the bottom of the mould.

2. The interaction between the droplets of liquid steel and the molten slag produces a highly refined metal.

3. The material to be refined is formed into a consumable ele​ctrode.

4. The passage of electricity through the molten slag genera​tes intense heat.

5. The tip of the electrode is buried in a pool of liquid slag.

b) Give a description of the electroslag refining process.

V. a) Answer the questions:

1. Where has the electroslag refining process been developed?

2. What inclusions can be eliminated by electroslag refining?

3. At what stage of the process does refining take place?

4. What makes electroslag refining a versatile process?

5. What steels can be refined by this process?

6. Does the electroslag refining process require complicated equipment?

7. What does the equipment consist of?

b) Write a summary of the text.

VI. Speak-about the main advantages and limitations of electro​slag refining.

VII. Translate the following word combinations into Russian: 

the number of non-metallic particles; a mechanical means; me​chanical working; conventional steel-making processes; consu​mable electrode; water-cooled mould; versatile process; highly. refined metal; uniformly dispersed; ingot weight; electroslag refining; slag pool; a lower proportion of inclusions; to ge​nerate intense heat; to cause the electrode to melt; to feed the electrode forward; to offer resistance.

4.
Preliminary Exercises.
I. Read and memorize the names of the chemical elements: 
aluminum, chromium
, cobalt, copper , gold
, magnesium, manganese, molybdenum, nickel, silver, sodium
, tin, titanium, tungsten, zinc

II. Translate into Russian, paying attention to the Predicati​ve Infinitive Construction:

1. Plain carbon steels are known to contain a certain amount of non-metallic inclusions.

2. The number of non-metallic inclusions in alloyed steels is likely to be reduced by electroslag refining.

3. The best way of refining steel seems to be determined by the properties desirable in the steel as well as by its Production costs.

4. The slag in the molten condition is expected to offer high resistance to the electric current.

5. The electroslag refining process is considered to be speci​ally suitable for refining high quality steels.

Lattice Structures.

Atoms are the building blocks1 of all materials. They are known to be put together in a great variety of ways and bonded by cohesive forces in a manner characteristic of a particular

material2.

In the liquid state the atoms of a metal are said to be in somewhat random arrangement, having short-range order3. At ti​mes several unlike atoms happen to arrange themselves in the characteristic pattern of a particular metal. However, this is a probability event4. Since the forces are weak tad there is much activity taking place, they soon separate and re-form again. This phenomenon of random grouping, scattering, and re​grouping for short periods of time is characteristic of the li​quid state. As the mechanism becomes less frequent and the ato​mic movement of unlike atoms becomes more agitated, the materi​al may become a gas.

As the energy input decreases, the random movement of the unlike atoms becomes less frequent, the bonding becomes stron​ger, and ordered arrays of atoms5 form lattices. These lattices form crystals, and many crystals form a pattern which we call the solid material.

The imaginary lines that connect the centers of the atoms are called lattice structures. The most common metals are almost sure to crystallize in one of three types of lattice sys​tems: cubic, hexagonal, and tetragonal.
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Figure la shove eight atoms forming a simple cubic lattice structure. The sides, of the lattice are equal in length and form a cube. This cube may have another atom at its center (Fig.1b), in which case6 it is called я body-centered cubic la​ttice (BCC). The cube may also have an atom in each of its fa​ces as shown in Fig.1c. This lattice is called a face-centered cubic lattice (FCC).

Body-centered cubic lattice structures are found in the following metals: barium, cesium, potassium, lithium, molybde​num, sodium, rubidium, tantalum, vanadium, chromium, iron (al​pha and delta), and tungsten.

Face-centered cubic lattice structures are found in the following metals: aluminum, copper, gold, iron (gamma), lead, nickel, platinum, silver.

The close-packed hexagonal (CPH) lattice structure is shown in Fig.1d. 
Materials that have a CPH structure are beryllium, cadmium, cobalt, magnesium, osmium, tellurium, titanium, zinc, and zir​conium.

Fig.1e. shows a body-centered tetragonal (BCT) lattice. It is an elongated body-centered cubic lattice structure. Tin and manganese at elevated temperatures exhibit this lattice struc​ture.

It is important to note that several of the metals in common use7 exhibit lattice structure changes as their temperatu​res increase, e.g.
	cobalt:
	close-packed hexagonal, below 420°C

face-centered cubic, 420 to I495°C

	iron:
	body-centered ( ) cubic, below 9I0°0

face-centered ( ) cubic,910 to I400°C
body-centered( )cubic, 1400 to I535°0

	tin:
	cubic ( )» below I3°C

tetragonal ( ), I3°C to 232CG

	titanium:
	close-puked hexagonal, below 880°в
body-centered cubic, 880 to I/2i?°G


Notes to the text

1. building blocks - строительный материал
2.  a manner characteristic of a particular material - так как это характерно для данного материала 
3. to be in somewhat random arrangement, having short-range or​der - ненадолго образуют несколько беспорядочные соединения
4. a probability event- случайное явление
5. ordered arrays of atoms - упорядоченные соединения атомов

6. in which case – в этом случае
7. metals in common use - наиболее распространенные металлы
Words and word combinations to be remembered:

equal, frequent, phenomenon, separate (v), unlike, weak.
arrange - располагать(ся)

bond - связывать

exhibit - проявлять

imaginary - воображаемый, мнимый

lattice - решетка

pimple cubic lattice - простая кубическая решетка 
body-centered cubic lattice - объемно-центрированная решетка 
face-centered cubic lattice - гранецентрированная куб. реш.

close-packed hexagonal lattice - плотно упакованная гекс.р. 
body-centered tetragonal lattice -гранецентрированная тетрагональная решетка
particular - данный


pattern - структура, строение
plane -плоскость 
put (together) - соединять 
random - беспорядочный
scatter -рассеиваться
III. Translate the following pairs of verbs, paying attention to the meaning of the prefix re-

group —  regroup

arrange - rearrange

heat - reheat


build - rebuild

form - reform

IV. For each word in group A, find the antonym in group В
A: random, below, frequent, imaginary, elevated, strong, connect, unlike, more;

B: lower weak, real, scatter, seldom, less, similar, ordered, above.

V. Translate the following adjectives paying attention to the negative prefixes: 

unlike, unknown, uncommon, unimportant, unequal, non-uniform, impossible, improbable, irrational, irregular, disorder, dis​advantage. 
VI. Choose the correct variant:

1.
Random arrangements of atoms for short periods of time is characteristic of...

a) liquids    b) solids      c) gases

2.
When the atomic movement of unlike atoms becomes .., the material may become a gas.

a) less frequent     b) more agitated

3.
Lattice structures are the ... lines that connect the centers of atoms.

a) imaginary       b) real

4.
... mertals in common use change their lattice structure as their temperature increases.

a) almost all    b) some

5.
Tin and manganese exhibit the body-centered tetragonal struc​ture at ... temperatures.

a) higher    b) lower 
VII. Translate with a dictionary:

It was noted that atomic motion in the liquid state of metal is almost completely disordered. The movement of these atoms is without regard to the average of the ordered distances between atoms in the lattice structure so necessary in metals.

As the energy in the liquid system decreases, the movement of the atoms decreases, the electrostatic forces become more ef​fective, and the probability increases for the arrangement of a number of atoms into a lattice characteristic of that material. The energy level (temperature) at which these isolated lattices form is called the freezing point1. If the gain and loss of heat energy of the system is in equilibrium, the production rate of crystals and the melting rate of the crystals are the same and the system exists as both a solid and a liquid. 
1 - freezing print - точка затвердевания
5.

Crystal Formation.

The formation of lattices generates heat. As this heat is removed, the lattice growth continues about the few lattices that have already formed and about new lattices that are for​ming. This growth continues until stopped by some block, ano​ther lattice growth, or the wall of the container. Large crys​tals, if allowed to grow without аnу interference, will exhi​bit patterns characteristic of the material solidifying. The growth stops at about one to two lattices spacings away from the next ordered growth. The space separating these lattice growths is called the grain boundaries.

Crystals are aggregates of space lattices that exhibit the same orientation. The terms grains and crystals are used inter​changeably. The end result of the mechanism just described is the solid material.

It should be noted that a foreign body must be prеsent to act as a nucleus for lattice growth to start.

The size of a grain is related to the nature of the metal, the temperature from which the liquid cools, and the cooling rate. Rapid removal of heat per unit time1 produces small grain

structures. By slow cooling some metals crystallize below the equilibrium melting point2. If nuclei are formed at a rapid rate (nucleation) in comparison to the growth of the grains, the grains wil1 not grow large. If the metal is cooled very rapidly and as a result the ratio of the nucleation to rate of growth increases, the grain will be very small.

In most metals, however, rapid cooling produces finer grain structures, and slow cooling produces large grains.

As the crystal grows, it releases heat energy, which increases  the temperature in the direction and just ahead of growth3. This increase in energy blocks the growth in that direction by blocking the addition of any more atoms to the growing face. This blockage lasts until the heat energy is dissipated. The growth which must continue, starts off in another direction, perpendicular to the former growth. 
Metals that have a cubic lattice structure grow more rapidly in a direction perpendicular to each other. This type of growth is called dendrite growth.

As growth continues, two adjacent dendrites touch each other forming grain boundaries. Since they solidify last, they give atoms a chance to diffuse and partially to equalize stressed regions in the boundaries4. Some of the stresses remain and can be removed by subsequent heat treating.

The solidification process at this point is complete.

Notes to the text.
1. …per unit time ... - на единицу времени 

2. …the equilibrium melting point - равновесная точка плав​ления 
3. …just ahead of growth - непосредственно перед скоплением 

4. … to equalize stressed regions in the boundaries – снять напряжение на границах кристаллов
aggregate - совокупность

block - задерживать, препятствовать

blockage -  задержка
diffuse -  рассеиваться, диффундировать

dissipate - рассеивать(ся)
fine  - мелкий

foreign – инородные
growth - скопление   (зд.)
lattice spacing - расстояние методу решетками

nucleation - образование зародыша

nucleus (pl. nuclei) -  зародыш
solidify- затвердевать, кристаллизоваться
6.

Thermal-Equilibrium Diagrams

The thermal-equilibrium diagram is one of   the metallurgist's most important “tools”. With its aid he can find precisely what the structure of a given alloy will be at any given temperature, provided that the alloy has been allowed to reach equilibrium.

The thermal-equilibrium diagram is a chart which shows the relationship between the composition, temperature and phases of any alloy in a series1.

The construction of equilibrium diagrams is the result of much experimental work, and, since the conditions under which the work is carried out can be so variable, it is not surpri​sing that the values assigned to compositions and temperatures at which phase changes occur are under constant review2 by re​search metallurgists. The reader will, therefore, find that the equilibrium diagrams printed in books on metallurgy often dif​fer in small detail. In general, however, the variations are so small as not to affect the treatment of most of the industrially important alloys. For instance, the accepted value for the car​bon content of a completely eutectoid carbon steel has varied between 0.80 and 0.89% during recent years, while the eutectoid temperature (the lower critical temperature of plain carbon steels) has varied between 698° and 732°C.

As an example of analyzing thermal-equilibrium diagrams, we will now consider the equilibrium system in which two metals, mutually soluble in all proportions in the liquid state, remain mutually soluble in the solid state.

A number of pairs of metals fulfill these conditions. Such is the case in the alloy systems of gold-silver, antimony-bismuth and copper-nickel. Since the copper-nickel alloys are the only ones of the three groups mentioned which are commercially use​ful3, we will deal with that system. The copper-nickel thermal-equilibrium diagram is shown in Fig.2.

This is a simple type of equilibrium diagram, and since no transformations take place in the solid, the diagram consists of two lines only - the liquids and solids. Above the liquid-us we have a uniform liquid solution for any alloy in the seri​es, while below the solids we have a single solid solution for any alloy. Between the liquids and solids both liquid and so​lid solutions co-exist.

[image: image2.jpg]


We will now consider the cooling of the alloy under conditions which are ideally slow so that complete equilibrium is attained at each stage of solidification. The liquid (composition A, Fig.2) will begin to solidify at temperatu​re T by depositing nu​clei of composition B. This censes the compo​sition of the remain​ing liquid to move to the left, but, due to the slow cooling, diffusion is able to keep pace with solidi​fication so that, as the composition of the liquid follows the liquids from A to A2, the composition of the solid follows the solids from В to B2.

Thus, at some temperature T1, the composition of the uni​form solid solution is given by B1 while that of the remaining homogeneous liquid in equilibrium with the solid solution is given by A1. Since the overall composition of the alloy is in​dicated by X( A), then –


Weight of solid solution (composition B1)                      =  XA1
            Weight of remaining liquid solution (composition A1)       XB1
Under conditions of perfect equilibrium the thermal - equilib​rium diagram therefore gives us complete information about the system.

At temperature T2 the last trace of liquid (composition A2) has just disappeared and, by the process of diffusion, its composition has been absorbed by the solid which is now of uni​form composition B2. A and B2, of course, represent the same composition, which is obvious, since a uniform liquid has been replaced by a uniform solid.

Notes to the text.   

1. any alloy in a series – любым последовательным рядом сплавов
2. ... are under constant review - постоянно пересматриваются
3. ... are commercially useful - используются в промышленности

4. ...to keep pace with – успевать за
