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Section A
Metals and other materials

1. Learn the vocabulary:

	atomic bonding forces
	міжатомний зв'язок

	composite material
	композитний матеріал

	chemical composition
	хімічний склад

	mechanical properties
	механічні властивості

	ferrous metals
	чорні метали

	nonferrous metals
	кольорові метали

	alloys
	стопи (сплави)

	iron
	залізо

	carbon steel
	вуглецева сталь

	alloy steel
	легована сталь

	stainless steel
	неіржавіюча сталь, корозійностійка сталь

	tool and die steel
	інструментальна та штампова сталь

	refractory metals
	тугопла́вкі мета́ли

	superalloys
	суперсплав

	thermoplastics
	термопласти

	thermoset
	реактопласти

	elastomers
	еластомери

	glass ceramics
	ситали

	reinforced plastics
	зміцнена, армована пластмаса

	metal-matrix composites
	композити з металевою матрицею

	ceramic-matrix composites
	композити з керамічною матрицею

	sandwich structures
	багатошарова структура


2. Read and translate the text into Ukrainian analyzing lexical transformations.

General Material Classifications
There are thousands of materials available for use in engineering applications. Most materials fall into one of three classes that are based on the atomic bonding forces of a particular material. These three classifications are metallic, ceramic and polymeric. Additionally, different materials can be combined to create a composite material. Within each of these classifications, materials are often further organized into groups based on their chemical composition or certain physical or mechanical properties. Composite materials are often grouped by the types of materials combined or the way the materials are arranged together. Below is a list of some of the commonly used classifications of materials within these four general groups of materials.

	Metals
	Polymeric

	· Ferrous metals and alloys (irons, carbon steels, alloy steels, stainless steels, tool and die steels) 

· Nonferrous metals and alloys (aluminum, copper, magnesium, nickel, titanium, precious metals, refractory metals, superalloys)
	· Thermoplastics plastics

· Thermoset plastics

· Elastomers



	Ceramics
	Composites

	· Glasses

· Glass ceramics
· Graphite
· Diamond
	· Reinforced plastics
· Metal-matrix composites

· Ceramic-matrix composites

· Sandwich structures

· Concrete


3. Match the term with its definition and translate it.

	1. ductility
	а) The temperature at which a solid begins to liquefy.

	2. thermal conductivity
	b) A measure of how well a material can resist being deformed from its original shape.

	3. toughness
	c) The electrostatic attractive forces between the delocalized electrons, called conduction electrons, gathered in an electron cloud, and the positively charged metal ions.

	4. melting point
	d) The property of a material's ability to conduct heat.

	5. strength
	e) The chemical or electrochemical reaction between a material, usually a metal, and its environment that produces a deterioration of the material and its properties.

	6. corrosion 
	f) The ability of a metal to rapidly distribute within itself both the stress and strain caused by a suddenly applied load, or more simply expressed, the ability of a material to withstand shock loading. It is the exact opposite of "brittleness" which carries the implication of sudden failure. A brittle material has little resistance to failure once the elastic limit has been reached.

	7. metallic bonding
	g) The property of metal which permits it to be reduced in cross sectional area without fracture. In a tensile test, ductile metals show considerable elongation eventually failing by necking, with consequent rapid increase in local stresses.


4. Complete the text with prepositions if necessary. Translate into Ukrainian analyzing lexical transformations.

Metals
Metals account (1) about two thirds of all the elements and about 24% (2) the mass of the planet. Metals have useful properties including strength, ductility, high melting points, thermal and electrical conductivity, and toughness. From the periodic table, it can be seen that a large number of the elements are classified as being a metal. A few of the common metals and their typical uses are presented below. 

Common Metallic Materials
· Iron/Steel - Steel alloys are used (3) strength critical applications

· Aluminum - Aluminum and its alloys are used because they are easy to form, readily available, inexpensive, and recyclable.

· Copper - Copper and copper alloys have a number of properties that make them useful, including high electrical and thermal conductivity, high ductility, and good corrosion resistance. 

· Titanium - Titanium alloys are used (4) strength (5) higher temperature (~1000° F) application, when component weight is a concern, or when good corrosion resistance is required

· Nickel - Nickel alloys are used (6) still higher temperatures (~1500-2000° F) applications or when good corrosion resistance is required.

· Refractory materials are used (7) the highest temperature (> 2000° F) applications.

The key feature that distinguishes metals from non-metals is their bonding. Metallic materials have free electrons that are free (8) move easily from one atom (9) the next. The existence (10) these free electrons has a number (11) profound consequences (12) the properties (13) metallic materials. For example, metallic materials tend to be good electrical conductors because the free electrons can move (14) (15) the metal so freely. 
What are some applications of metals? 

Metals are used (16): 

· Transportation – Cars, buses, trucks, trains, ships, and airplanes. 

· Aerospace – Unmanned and manned rockets and the space shuttle. 

· Computers and other electronic devices that require conductors (TV, radio, stereo, calculators, security devices, etc.) 

· Communications including satellites that depend (17) a tough but light metal shell. 

· Food processing and preservation – Microwave and conventional ovens and refrigerators and freezers. 

· Construction – Nails (18) conventional lumber construction and structural steel inother buildings. 

· Biomedical applications – As artificial replacement (19) joints and other prostheses. 

· Electrical power production and distribution – Boilers, turbines, generators, transformers, power lines, nuclear reactors, oil wells, and pipelines. 

· Farming – Tractors, combines, planters, etc. 

· Household conveniences – Ovens, dish and clothes washers, vacuum cleaners, blenders, pumps, lawn mowers and trimmers, plumbing, water heaters, heating/cooling, etc. 

5. Complete the cases where it is possible

	Noun
	Verb
	Adjective

	
	conduct
	

	
	
	dense

	ductility
	
	

	malleabilty
	
	

	
	
	metallic

	
	resist
	


6. Translate into English

Різноманітність властивостей матеріалів є головним чинником, що зумовлює їх широке застосування в техніці. Матеріали мають відмінні один від одного властивості, причому вони залежать від особливостей внутрішньої будови матеріалу. 

Від властивостей матеріалів залежить конструкційна міцність виробів під впливом експлуатаційних навантажень. 

Можливість використання матеріалу визначається його складом, будовою, структурою, і як наслідок властивостями. Вимоги, що ставляться до матеріалів в промисловості в залежності від умов їх використання, експлуатації чи споживання, визначаються поняттям якість матеріалу.

Якість матеріалу – це сукупність його властивостей забезпечувати його придатність задовольняти певні потреби у відповідності з його призначенням.

Якість матеріалу залежить від комплексу хімічних, фізичних і біологічних властивостей, а також від відповідності їх функціональним, гігієнічним, ергономічним, естетичним і економічним вимогам. Від якості залежить призначення та термін придатності, експлуатації матеріалу.

Якість матеріалу визначається системою показників, які встановлюють шляхом дослідження та випробувань.

Якість промислової продукції залежить від багатьох факторів: вихідної сировини і матеріалів, конструкції виробів, технологічної обробки, рівня стандартизації, а також пакування, транспортування та збереження. Безпосередній вплив на формування якості продукції мають перші три фактори.

Признаками класифікації матеріалів можуть бути походження, форма, розмір, колір, властивості, призначення, спосіб отримання чи інше. Сучасне поширення отримала галузева класифікація матеріалів, тому що в її основу покладено найменування галузі народного господарства, що безпосередньо пов’язана з виробництвом даного матеріалу. В Державній системі стандартизації прийнята така класифікація матеріалів (витримка з стандарту):

· корисні копалини; 
· нафтові продукти; 
· метали; 
· електротехнічні матеріали; 
· будівельні матеріали; 
· силікатно-керамічні та вуглецеві матеріали; 
· хімічні продукти, гумові та азбестові вироби; 
· хімічні волокна, полімери, пластмаси; 
· текстильні, шкіряні матеріали;

· лісоматеріали, целюлоза, картон, папір.
Однак ця класифікація не дає можливості встановити взаємозв'язок складу, будови, структури та властивостей матеріалів і часто ускладнює визначення належності матеріалу до тієї чи іншої групи.

Найбільші можливості для розв’язання задач матеріалознавства дає класифікація матеріалів за їх агрегатним станом в нормальних умовах, їх походженням, природою та будовою.

Системна класифікація матеріалів:

· за агрегатним станом: тверді, рідкі, газові, плазма;

· за походженням: природні, штучні, органічні, неорганічні;
· по хімічному складу: одно-, багатокомпонентні сплави, одно-, багатокомпонентні розчини;
· по виду утворених часток: атомні, іонні, молекулярні;
· по атомній (молекулярній) будові: кристалічні, аморфні, полімерні;
· по структурі: однофазні, багатофазні, композиційні;
· за фізичною природою: провідники, напівпровідники, діелектрики, нормальні, розчини, рідкі кристали.

Section B 
Crystalline structures
1. Learn the vocabulary:

	positively charged nucleus
	позитивно заряджене ядро

	to revolve
	обертатися

	element’s atomic number
	атомний номер елемента

	atomic weight
	атомна вага

	balanced electrical charge
	збалансований / нейтралізований електричний заряд

	inner / outer shell
	внутрішня й зовнішня (валентні) електронні оболонки

	beyond the scope
	за межами

	solid state
	твердий стан

	van der Waals’ forces of solids
	сили Ван-дер-Ваальса у твердих тілах

	to arrange
	розташовуватись

	pressurization
	вплив високого тиску

	electrodeposition
	гальванічне покриття (процес), електролітичне покриття (процес)

	melting
	плавління (результат), плавлення (процес)

	solid
	твердий, тверде тіло

	aggregate of atoms
	сукупність атомів

	amorphous solid
	аморфне тіло

	long-range periodicity (am) / order (br)
	дальній порядок (регулярне розташування структурних одиниць (наприклад атомів, молекул) у всьому кристалічному тілі незалежно від відстані)

	phase change
	зміна фазового стану

	definite melting point
	визначена точка плавління

	isotropic properties
	ізотропні властивості

	limestone
	вапняк

	arrangement of atoms
	розташування атомів

	crystalline arrangement
	кристалічне розташування

	pattern
	картина (структура)

	crystalline lattice
	кришталева гратка

	electron cloud
	електронна хмара

	regular alignment of atoms
	нормальне розташування атомів

	unit cell
	елементарна комірка

	3D grid
	гратка в трьох вимірах

	to distort
	cпотворюватися

	body-centered-cubic (bcc)
	об’ємноцентрована кубічна (ОЦК) гратка

	face-centered-cubic (fcc)
	гранецентрована кубічна (ГЦК) гратка

	hexagonal close-packed (hpc)
	гексагональна щільнопакована (ГЩП) гратка

	planes of atoms
	площина атомів

	slippage
	ковзання, проковзування

	alpha-iron
	альфа-залізо


2. Match the term with its definition and translate it.

	1. atomic weight
	a) Properties of a material are identical in all directions

	2. covalent bond
	b) The state of matter consisting of particles that have neither a defined volume nor defined shape.

	3. condensation
	c) The process by which a substance changes from the solid phase to the liquid phase.

	4. chemical reaction
	d) The state of matter consisting of particles that have a definite volume, but do not have a definite shape.

	5. melting
	e) A chemical link between two atoms in which electrons are shared between them.

	6. gas
	f) A process that is usually characterized by a chemical change in which the starting materials (reactants) are different from the products.

	7. liquid
	g) The average mass of atoms of an element, calculated using the relative abundance of isotopes in a naturally-occurring element. It is the weighted average of the masses of naturally-occurring isotopes.

	8. solid
	h) The (natural or artificial) process for the formation of solid crystals from a uniform solution.

	9. crystallization
	i) The change in the state of matter from the gas phase to the liquid phase.

	10. isotropic properties
	j) The state of matter characterized by particles arranged such that their shape and volume are relatively stable.




3. Read and translate the text into Ukrainian analyzing lexical transformations.
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Atomic Bonding
(Metallic, Ionic, Covalent, and van der Waals Bonds)
From elementary chemistry it is known that the atomic structure of any element is made up of a positively charged nucleus surrounded by electrons revolving around it. An element’s atomic number indicates the number of positively charged protons in the nucleus. The atomic weight of an atom indicates how many protons and neutrons in the nucleus. To determine the number of neutrons in an atom, the atomic number is simply subtracted from the atomic weight.

Atoms like to have a balanced electrical charge. Therefore, they usually have negatively charged electrons surrounding the nucleus in numbers equal to the number of protons. It is also known that electrons are present with different energies and it is convenient to consider these electrons surrounding the nucleus in energy “shells.” For example, magnesium, with an atomic number of 12, has two electrons in the inner shell, eight in the second shell and two in the outer shell. 

All chemical bonds involve electrons. Atoms will stay close together if they have a shared interest in one or more electrons. Atoms are at their most stable when they have no partially-filled electron shells. If an atom has only a few electrons in a shell, it will tend to lose them to empty the shell. These elements are metals. When metal atoms bond, a metallic bond occurs. When an atom has a nearly full electron shell, it will try to find electrons from another atom so that it can fill its outer shell. These elements are usually described as nonmetals. The bond between two nonmetal atoms is usually a covalent bond. Where metal and nonmetal atom come together an ionic bond occurs. There are also other, less common, types of bond but the details are beyond the scope of this material. 

Solid State Structure
These forces may be primary chemical bonds, as in metals and ionic solids, or they may be secondary van der Waals’ forces of solids, such as in ice, paraffin wax and most polymers. In solids, the way the atoms or molecules arrange themselves contributes to the appearance and the properties of the materials.

Atoms can be gathered together as an aggregate through a number of different processes, including condensation, pressurization, chemical reaction, electrodeposition, and melting. The process usually determines, at least initially, whether the collection of atoms will take to form of a gas, liquid or solid. The state usually changes as its temperature or pressure is changed. Melting is the process most often used to form an aggregate of atoms. When the temperature of a melt is lowered to a certain point, the liquid will form either a crystalline solid or and amorphous solid. 

Amorphous Solids

A solid substance with its atoms held apart at equilibrium spacing, but with no long-range periodicity in atom location in its structure is an amorphous solid. Examples of amorphous solids are glass and some types of plastic. They are sometimes described as supercooled liquids because their molecules are arranged in a random manner some what as in the liquid state. For example, glass is commonly made from silicon dioxide or quartz sand, which has a crystalline structure. When the sand is melted and the liquid is cooled rapidly enough to avoid crystallization, an amorphous solid called a glass is formed. Amorphous solids do not show a sharp phase change from solid to liquid at a definite melting point, but rather soften gradually when they are heated. The physical properties of amorphous solids are identical in all directions along any axis so they are said to have isotropic properties, which will be discussed in more detail later.
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Crystalline Solids

More than 90% of naturally occurring and artificially prepared solids are crystalline. Minerals, sand, clay, limestone, metals, carbon (diamond and graphite), salts ( NaCl, KCl etc.), all have crystalline structures. A crystal is a regular, repeating arrangement of atoms or molecules. The majority of solids, including all metals, adopt a crystalline arrangement because the amount of stabilization achieved by anchoring interactions between neighboring particles is at its greatest when the particles adopt regular (rather than random) arrangements. In the crystalline arrangement, the particles pack efficiently together to minimize the total intermolecular energy. 

The regular repeating pattern that the atoms arrange in is called the crystalline lattice. The scanning tunneling microscope (STM) makes it possible to image the electron cloud associated individual atoms at the surface of a material. 
Crystal Structure

Crystal structures may be conveniently specified by describing the arrangement within the solid of a small representative group of atoms or molecules, called the ‘unit cell.’ By multiplying identical unit cells in three directions, the location of all the particles in the crystal is determined. In nature, 14 different types of crystal structures or lattices are found. The simplest crystalline unit cell to picture is the cubic, where the atoms are lined up in a square, 3D grid. The unit cell is simply a box with an atom at each corner. Simple cubic crystals are relatively rare, mostly because they tend to easily distort. However, many crystals form body-centered-cubic (bcc) or face-centered-cubic (fcc) structures, which are cubic with either an extra atom centered in the cube or centered in each face of the cube. Most metals form bcc, fcc or Hexagonal Close Packed (hpc) structures; however, the structure can change depending on temperature. 
Crystalline structure is important because it contributes to the properties of a material. For example, it is easier for planes of atoms to slide by each other if those planes are closely packed. Therefore, lattice structures with closely packed planes allow more plastic deformation than those that are not closely packed. Additionally, cubic lattice structures allow slippage to occur more easily than non-cubic lattices. This is because their symmetry provides closely packed planes in several directions. A face-centered cubic crystal structure will exhibit more ductility (deform more readily under load before breaking) than a body-centered cubic structure. The bcc lattice, although cubic, is not closely packed and forms strong metals. Alpha-iron and tungsten have the bcc form. The fcc lattice is both cubic and closely packed and forms more ductile materials. Gamma-iron, silver, gold, and lead have fcc structures. Finally, HCP lattices are closely packed, but not cubic. HCP metals like cobalt and zinc are not as ductile as the fcc metals.

4. Distinguish the terms.

a) metallic bond vs covalent bond vs ionic bond

b) crystalline arrangement vs crystalline structure vs crystalline lattice
c) a space lattice vs a unit cell
5. Put the words in the right order to make multi-component terms. Translate the terms.
a) charged / positively / nucleus

b) charge / electrical / balanced
c) electron /  filled / partially /shell

d) range / long / periodicity

e) tunnelling / scanning / microscope

6. Match the words making up multi-component terms & translate them
	1. atomic 
	a) substance

	2. inner 
	b) cloud

	3. metallic 
	c) state

	4. crystalline 
	d) point

	5. solid 
	e) bond

	6. liquid 
	f) energy

	7. melting 
	g) shell

	8. electron 
	h) number

	9. ductile 
	i) solid

	10. intermolecular 
	j) material


7. Complete the text with prepositions and conjunctions if necessary. Translate it into Ukrainian analyzing lexical transformations.

Primary Metallic Crystalline Structures
(BCC, FCC, HCP) 
There are 14 different types __ crystal unit cell structures or lattices are found __ nature. However most metals and many other solids have unit cell structures described __ body center cubic (bcc), face centered cubic (fcc) or Hexagonal Close Packed (hcp). 

Body-Centered Cubic (BCC) Structure
The body-centered cubic unit cell has atoms __ each __ the eight corners __ a cube (like the cubic unit cell) plus one atom __ the center __ the cube (left image below). Each __ the corner atoms is the corner __ another cube so the corner atoms are shared among eight unit cells. It is said to have a coordination number __ 8. The bcc unit cell consists __ a net total __ two atoms; one __ the center and eight eighths __ corners atoms.

The bcc arrangement does not allow the atoms to pack together as closely as the fcc or hcp arrangements. The bcc structure is often the high temperature form __ metals that are close-packed __ lower temperatures. The volume __ atoms __ a cell __ the total volume __ a cell is called the packing factor. The bcc unit cell has a packing factor of 0.68. 

Some __ the materials that have a bcc structure include lithium, sodium, potassium, chromium, barium, vanadium, alpha-iron and tungsten. Metals which have a bcc structure are usually harder and less malleable than close-packed metals such as gold. When the metal is deformed, the planes __ atoms must slip __ each other, and this is more difficult __ the bcc structure. It should be noted that there are other important mechanisms __ hardening materials, such as introducing impurities or defects which make slipping more difficult. These hardening mechanisms will be discussed latter.

Face Centered Cubic (FCC) Structure 
The face centered cubic structure has atoms located __ each __ the corners and the centers __ all the cubic faces (left image below). Each __ the corner atoms is the corner __ another cube so the corner atoms are shared among eight unit cells. Additionally, each __ its six face centered atoms is shared with an adjacent atom. Since 12 __ its atoms are shared, it is said to have a coordination number __ 12. The fcc unit cell consists __ a net total __ four atoms; eight eighths __ corners atoms and six halves __ the face atoms as shown __ the middle image __. 
__ the fcc structure (and the hcp structure) the atoms can pack closer together than they can __ the bcc structure. The atoms __ one layer nest themselves __ the empty space __ the atoms __ the adjacent layer. To picture packing arrangement, imagine a box filled __ a layer __ balls that are aligned __ columns and rows. When a few additional balls are tossed __ the box, they will not balance directly __ top __ the balls __ the first layer but instead will come to rest __ the pocket created __ four balls __ the bottom layer. As more balls are added they will pack together to fill __ all the pockets. The packing factor (the volume __ atoms __ a cell __ the total volume __ a cell) is 0.74 __ fcc crystals. Some __ the metals that have the fcc structure include aluminum, copper, gold, iridium, lead, nickel, platinum and silver.

8. Complete the text making appropriate derivatives of the words in brackets.

Hexagonal Close Packed (HPC) Structure
Another common close packed structure is the hexagonal close pack. The hexagonal structure of ___ (alternate) layers is ___ (shift) so its atoms are ___ (align) to the gaps of the ___ (precede) layer. The atoms from one layer nest themselves in the empty space between the atoms of the adjacent layer just like in the fcc structure. However, instead of being a ___ (cube) structure, the pattern is hexagonal. 
The hcp structure has three layers of atoms. In each the top and bottom layer, there are six atoms that arrange themselves in the shape of a hexagon and a ___ (seven) atom that sits in the middle of the hexagon. The middle layer has three atoms nestle in the ___ (triangle) "grooves" of the top and bottom plane. Note that there are six of these "grooves" ___ (surround) each atom in the hexagonal plane, but only three of them can be ___ (fill) by atoms.

As ___ (show) in the middle image above, there are six atoms in the hcp unit cell. Each of the 12 atoms in the corners of the top and bottom layers contribute 1/6 atom to the unit cell, the two atoms in the center of the hexagon of both the top and bottom layers each contribute ½ atom and each of the three atom in the middle layer contribute 1 atom. The image on the right above attempts to show several hcp unit cells in a ___ (large) lattice. 

The coordination number of the atoms in this structure is 12. There are six ___ (near) neighbors in the same close ___ (pack) layer, three in the layer above and three in the layer below. The ___ (pack) factor is 0.74, which is the same as the fcc unit cell. The hcp structure is very common for ___ (element) metals and some examples include beryllium, cadmium, magnesium, titanium, zinc and zirconium.
9. Read the text and find English equivalents to the following Ukrainian words and word-combinations: розчиняти(ся), розчинність, суміш, сполука, інтерметаліди, містити близько …%, насичений, містити вкраплення, кімнатна температура, містити від 0 до 5,6 мас.% міді, дисперсійне твердіння, площина атомів ковзує, загартований/покращений, стримувати витікання, меживузля, розчин впровадження (проникнення)
Solid Solutions and Intermetallic Compounds
Most of the solutions chemists work with involve a gas (such as HCl) or a solid (such as NaCl) dissolved in a liquid (such as water). It is also possible to prepare solutions in which a gas, a liquid, or a solid dissolves in a solid. The most important class of solid solutions are those in which one solid is dissolved in another. Two examples of solid solutions are copper dissolved in aluminum and carbon dissolved in iron.

The solubility of one solid in another usually depends on temperature. At room temperature, for example, copper doesn't dissolve in aluminum. At 550C, however, aluminum can form solutions that contain up to 5.6% copper by weight. Aluminum metal that has been saturated with copper at 550C will try to reject the copper atoms as it cools to room temperature. In theory, the solution could reject copper atoms by forming a polycrystalline structure composed of small crystals of more or less pure aluminum interspersed with small crystals of copper metal. Instead of this, the copper atoms combine with aluminum atoms as the solution cools to form an intermetallic compound with the formula CuAl2. 

CuAl2 is a perfect example of the difference between a mixture (such as a solution of copper dissolved in aluminum) and a compound. The solution can contain varying amounts of copper and aluminum. At 550C, for example, the solution can contain between 0 and 5.6% copper metal by weight. The intermetallic compound has a fixed composition [image: image2.png]


CuAl2 is always 49.5% aluminum by weight.

Intermetallic compounds such as CuAl2 are the key to a process known as precipitation hardening. Aluminum metal packs in a cubic closest-packed structure in which one plane of atoms can slip past another. As a result, pure aluminum metal is too weak to be used as a structural metal in cars or airplanes. Precipitation hardening produces alloys that are five to six times as strong as aluminum, and make an excellent structural metal.

The first step in precipitation hardening of aluminum involves heating the metal to 550C. Copper is then added to form a solution, which is quenched with cold water. The solution cools so fast that the copper atoms can't come together to form microcrystals of copper metal. 

Comparing a solid with a brick wall has one major disadvantage. It leads one to believe that atoms can't move through the metal. This is not quite true. Diffusion through the metal can occur, although it occurs slowly. Over a period of time, copper atoms can move through the quenched solution to form microcrystals of the CuAl2 intermetallic compound that are so small they are hard to see with a microscope. 

These CuAl2 particles are both hard and strong. So hard they inhibit the flow of the aluminum metal that surrounds them. These microcrystals of CuAl2 strengthen aluminum metal by interfering with the way planes of atoms slip past each other. The result is a metal that is both harder and stronger than pure aluminum.

Copper dissolved in aluminum at high temperature is an example of a substitution solution, in which copper atoms pack in the positions normally occupied by aluminum atoms. There is another way in which a solid solution can be made. Atoms of one element can pack in the holes, or interstices, between atoms of the host element because even the most efficient crystal structures use only 74% of the available space in the crystal. The result is an interstitial solution.

Steel at high temperatures is a good example of an interstitial solution. Steel is formed by dissolving carbon in iron. At very high temperatures, iron packs in a cubic closest-packed structure that leaves just enough space to allow carbon atoms to fit in the holes between the iron atoms. Below 910C, iron metal packs in a body-centered cubic structure, in which the holes are too small to hold carbon atoms.

This has important consequences for the properties of steel. At temperatures above 910C, carbon readily dissolves in iron to form a solid solution that contains as much as 1% carbon by weight. This material is both malleable and ductile, and it can be rolled into thin sheets or hammered into various shapes. When this solution cools below 910C, the iron changes to a body-centered cubic structure, and the carbon atoms are rejected from the metal. If the solution is allowed to cool gradually, the carbon atoms migrate through the metal to form a compound with the formula Fe3C, which precipitates from the solution. These Fe3C crystals serve the same role in steel that the CuAl2 crystals play in aluminum[image: image3.png]


they inhibit the flow of the planes of metal atoms and thereby make the metal stronger.
10. Translate into English
Під атомно-кристалічною структурою розуміють взаємне розташування атомів (іонів) у реальному кристалі. Залежно від будови (розташування атомів) тверді тіла поділяють на аморфні та кристалічні.

Аморфні тіла характеризуються хаотичним розташуванням атомів, тому, зберігаючи постійну форму, вони не мають певних (критичних) температур плавлення та кристалізації. Залежно від зовнішніх умов їхні властивості змінюються поступово. Аморфний стан металів реалізується за умов інтенсивного охолодження під час кристалізації.

За звичайних умов тверднення метали у твердому стані мають кристалічну будову. Для кристалічного стану характерним є певне закономірне розташування у просторі. Кожен атом (іон) у кристалі оточений визначеною кількістю найближчих атомів (сусідів), розташованих на однаковій відстані від нього.

З погляду внутрішньої будови вони мають неоднаковий ступінь упорядкованості структурних частинок - іонів, атомів, молекул. В аморфних тілах (каніфоль, скло, смола) спостерігається близький порядок розміщення частинок, який поширюється лише в межах кількох міжатомних відстаней. У кристалічних тілах, до яких належать усі метали, упорядковане розміщення характерне для як завгодно віддалених частинок. Тому говорять, що там спостерігається далекий порядок. Таке правильне, регулярне розміщення частинок у твердому тілі, що характеризується періодичною повторюваністю у всіх трьох вимірах, утворює просторову (кристалічну) ґратку

До основних параметрів кристалічних ґраток належать:

· елементарна комірка - це найменша кількість (комплекс) атомів, яка при багаторазовому повторі у просторі дозволяє побудувати просторові кристалічну ґратку певної системи; 
· відрізки, що дорівнюють відстаням до найближчих атомів (іонів) по координатних осях у тривимірному просторі, позначають літерами а, b, с; 
· кути між цими відрізками позначають α, β, γ співвідношення відрізків і кутів визначає форму комірки; 
· період або параметр ґратки дорівнює довжині ребра комірки у напрямку головних осей кристалічної ґратки. Параметри вимірюють у нанометрах (нм), ангстремах (Å); 
· координаційне число (К) характеризує щільність пакування ґратки, визначає кількість найближчих і рівновіддалених атомів у певній кристалічній ґратці. Координаційне число простої кристалічної ґратки позначають К6 (літера означає тип ґратки, цифра - кількість атомів), об'ємоцентричної кубічної - К8; гранецентричної кубічної - К12; гексагональної - Г6; гексагональної щільного пакування - Г12; 
· базис - це кількість атомів (іонів), які належать до однієї комірки; 
· атомний радіус - половина відстані між центрами найближчих атомів у кристалічній ґратці певної кристалічної системи; 
· коефіцієнт компактності – це відношення об'єму, який займають атоми (іони), до всього об'єму комірки цього типу. 

Якщо якесь тіло становить один кристал, його називають монокристалом (від грецьк. один, єдиний). Однак практично всі металеві вироби, що зустрічаються в машинобудуванні, складаються з величезної кількості кристалів (зерен різної форми і розмірів, дендритів), і тому їх називають полікристалами (від грецьк. - численний). Властивості полікристалічних матеріалів значною мірою залежать від форми і розмірів кристалів, проте їхня внутрішня будова є настільки ж закономірною, як у монокристалів.

Для характеристики атомно-кристалічної структури твердих тіл користуються поняттям елементарної комірки. Це найменший комплекс структурних частинок, багатократне пересування якого у просторі повністю відтворює будову кристалу.

Просторове розташування атомів у кристалічному тілі залежить від природи металу, характеру міжатомних зв'язків, температури, тиску. Прагнення атомів до найщільнішого розміщення приводить до значної кількості комбінацій їх взаємного розташування. Серед промислових металів найпоширенішими є утворення трьох основних типів кристалічних ґраток: об'ємоцентричної кубічної (ОЦК), гранецентричної кубічної (ГЦК) і гексагональної щільного пакування (ГЩП).

Text 1

Solid Solutions and Intermetallic Compounds
Most of the solutions chemists work with involve a gas (such as HCl) or a solid (such as NaCl) dissolved in a liquid (such as water). It is also possible to prepare solutions in which a gas, a liquid, or a solid dissolves in a solid. The most important class of solid solutions are those in which one solid is dissolved in another. Two examples of solid solutions are copper dissolved in aluminum and carbon dissolved in iron.

The solubility of one solid in another usually depends on temperature. At room temperature, for example, copper doesn't dissolve in aluminum. At 550C, however, aluminum can form solutions that contain up to 5.6% copper by weight. Aluminum metal that has been saturated with copper at 550C will try to reject the copper atoms as it cools to room temperature. In theory, the solution could reject copper atoms by forming a polycrystalline structure composed of small crystals of more or less pure aluminum interspersed with small crystals of copper metal. Instead of this, the copper atoms combine with aluminum atoms as the solution cools to form an intermetallic compound with the formula CuAl2. 

CuAl2 is a perfect example of the difference between a mixture (such as a solution of copper dissolved in aluminum) and a compound. The solution can contain varying amounts of copper and aluminum. At 550C, for example, the solution can contain between 0 and 5.6% copper metal by weight. The intermetallic compound has a fixed composition [image: image4.png]


CuAl2 is always 49.5% aluminum by weight.

Intermetallic compounds such as CuAl2 are the key to a process known as precipitation hardening. Aluminum metal packs in a cubic closest-packed structure in which one plane of atoms can slip past another. As a result, pure aluminum metal is too weak to be used as a structural metal in cars or airplanes. Precipitation hardening produces alloys that are five to six times as strong as aluminum, and make an excellent structural metal.

The first step in precipitation hardening of aluminum involves heating the metal to 550C. Copper is then added to form a solution, which is quenched with cold water. The solution cools so fast that the copper atoms can't come together to form microcrystals of copper metal. 

Comparing a solid with a brick wall has one major disadvantage. It leads one to believe that atoms can't move through the metal. This is not quite true. Diffusion through the metal can occur, although it occurs slowly. Over a period of time, copper atoms can move through the quenched solution to form microcrystals of the CuAl2 intermetallic compound that are so small they are hard to see with a microscope. 

These CuAl2 particles are both hard and strong. So hard they inhibit the flow of the aluminum metal that surrounds them. These microcrystals of CuAl2 strengthen aluminum metal by interfering with the way planes of atoms slip past each other. The result is a metal that is both harder and stronger than pure aluminum.

Copper dissolved in aluminum at high temperature is an example of a substitution solution, in which copper atoms pack in the positions normally occupied by aluminum atoms. There is another way in which a solid solution can be made. Atoms of one element can pack in the holes, or interstices, between atoms of the host element because even the most efficient crystal structures use only 74% of the available space in the crystal. The result is an interstitial solution.

Steel at high temperatures is a good example of an interstitial solution. Steel is formed by dissolving carbon in iron. At very high temperatures, iron packs in a cubic closest-packed structure that leaves just enough space to allow carbon atoms to fit in the holes between the iron atoms. Below 910C, iron metal packs in a body-centered cubic structure, in which the holes are too small to hold carbon atoms.

This has important consequences for the properties of steel. At temperatures above 910C, carbon readily dissolves in iron to form a solid solution that contains as much as 1% carbon by weight. This material is both malleable and ductile, and it can be rolled into thin sheets or hammered into various shapes. When this solution cools below 910C, the iron changes to a body-centered cubic structure, and the carbon atoms are rejected from the metal. If the solution is allowed to cool gradually, the carbon atoms migrate through the metal to form a compound with the formula Fe3C, which precipitates from the solution. These Fe3C crystals serve the same role in steel that the CuAl2 crystals play in aluminum – they inhibit the flow of the planes of metal atoms and thereby make the metal stronger.

Text 2

Holes in Closest-Packed and Simple Cubic Structures
Metals aren't the only solids that pack in simple cubic, body-centered cubic, hexagonal closest-packed, and cubic closest-packed structures. A large number of ionic solids use these structures as well.

Sodium chloride (NaCl) and zinc sulfide (ZnS), for example, form crystals that can be thought of as cubic closest-packed arrays of negative ions (Cl- or S2-), with positive ions (Na+ or Zn2+) packed in holes between the closest-packed planes of negative ions. There is a subtle difference between these structures, however, because the Na+ ions in NaCl pack in holes that are different from those used by the Zn2+ ions in ZnS.

There are two kinds of holes in a closest-packed structure. So-called tetrahedral holes are shown in the figure below. The solid lines in this figure represent one plane of closest-packed atoms. The dashed lines represent a second plane of atoms, which pack above the holes in the first plane. Each of the holes marked with a t touches three atoms in the first plane and one atom in the second plane. They are called tetrahedral holes because positive ions that pack in these holes are surrounded by four negative ions arranged toward the corners of a tetrahedron.

[image: image5.png]



The octahedral holes in a closest-packed structure are shown in the figure below. Once again, the solid lines represent one plane of closest-packed atoms and the dashed lines correspond to a second plane, which packs above the holes in the first plane. Each of the holes marked with an o touches three atoms in the first plane and three atoms in the second plane. They are called octahedral holes because positive ions that occupy these holes are surrounded by six negative ions arranged toward the corners of an octahedron.

[image: image6.png]



Tetrahedral holes are very small. The largest atom that can fit into a tetrahedral hole without distorting the tetrahedron has a radius only 0.225 times the radius of the atoms that form the hole. Octahedral holes are almost twice as large as tetrahedral holes. The largest atom that can fit into an octahedral hole has a radius 0.414 times the radius of the atoms that form the hole. The relative size of the atoms or ions that form a crystal therefore dictates whether tetrahedral or octahedral holes are used.

Sometimes positive ions are too big to pack in either tetrahedral or octahedral holes in a closest-packed structure of negative ions. When this happens, the negative ions pack in a simple cubic structure, and the positive ions pack in cubic holes between the planes of negative ions. 

Text 3

Radius Ratio Rules
The structure of an ionic solid depends on the relative size of the ions that form the solid. The relative size of these ions is given by the radius ratio, which is the radius of the positive ion divided by the radius of the negative ion.

The relationship between the coordination number of the positive ions in ionic solids and the radius ratio of the ions is given in the table below. As the radius ratio increases, the number of negative ions that can pack around each positive ion increases. When the radius ratio is between 0.225 and 0.414, positive ions tend to pack in tetrahedral holes between planes of negative ions in a cubic or hexagonal closest-packed structure. When the radius ratio is between 0.414 and 0.732, the positive ions tend to pack in octahedral holes between planes of negative ions in a closest-packed structure.

	Radius Ratio
	Coordination Number
	Holes in Which
Positive Ions Pack

	0.225 - 0.414
	4
	tetrahedral holes

	0.414 - 0.732
	6
	octahedral holes

	0.732 - 1
	8
	cubic holes

	1
	12
	closest-packed structure


Табл. Radius Ratio Rules
The table above suggests that tetrahedral holes aren't used until the positive ion is large enough to touch all four of the negative ions that form this hole. As the radius ratio increases from 0.225 to 0.414, the positive ion distorts the structure of the negative ions toward a structure that purists might describe as closely-packed.

As soon as the positive ion is large enough to touch all six negative ions in an octahedral hole, the positive ions start to pack in octahedral holes. These holes are used until the positive ion is so large that it can't fit into even a distorted octahedral hole.

Eventually a point is reached at which the positive ion can no longer fit into either the tetrahedral or octahedral holes in a closest-packed crystal. When the radius ratio is between about 0.732 and 1, ionic solids tend to crystallize in a simple cubic array of negative ions with positive ions occupying some or all of the cubic holes between these planes. When the radius ratio is about 1, the positive ions can be incorporated directly into the positions of the closest-packed structure.

The structure of ionic solids is also affected by differences in the abundance of tetrahedral and octahedral holes in a closest-packed structure. There are just as many octahedral holes as there are spheres that form the closest-packed structure. Thus, if NaCl is a 1:1 salt in which the Na+ ions occupy octahedral holes in a closest-packed array of Cl- ions, all of the octahedral holes in this structure must be filled.

There are twice as many tetrahedral holes in a closest-packed structure. The Zn2+ ions in ZnS therefore occupy only half of the tetrahedral holes in a closest-packed array of S2- ions.

Section C
Metal properties
1. Learn the vocabulary:

	strong
	твердий, міцний

	high melting points
	висока температура плавління

	high heat and electrical conductivity
	високі тепло- та електрична провідність

	malleable
	пластичний

	strong metallic bonding
	міцний металевий зв'язок

	layers of atoms
	шари атомів

	to slide
	ковзати

	electric current
	електричний струм

	strip mining
	відкрите добування

	spoil tips
	терикон

	density
	густина

	flammability
	займистість

	oxidation
	окислення

	straightforward
	що рухається вперед

	vapor
	пара

	to solidify
	твердіти, кристалізуватися

	to vaporize
	випаровуватися

	to sublime
	сублімувати

	gravity
	сила тяжіння

	reradiate
	повторно випромінювати

	higher-energy excited state
	високоенергетичний збуджений стан 

	impurity
	домішка

	valence electrons
	валентні електрони

	valence shell
	валентна оболонка

	adjacent metal atoms
	суміжні атоми металу

	adjacent plane
	суміжна площина


2. Match the term with its definition and translate it.

	1. metal extraction
	a) a solid material's ability to deform under tensile stress 

	2. corrosion
	b) the process by which atoms, molecules, or ions enter a bulk phase (liquid, gas, solid)

	3. to condense
	c) an element whose atom has an incomplete d sub-shell, or which can give rise to cations with an incomplete d sub-shell

	4. plasma
	d) the deterioration of a metal as a result of chemical reactions between it and the surrounding environment 

	5. density


	e) the separation of metals in a pure or relatively pure state from the minerals in which they naturally occur

	6. thermal conductivity
	f) an electrically neutral medium of positive and negative particles 

	7. absorption 
	g) the tendency of matter to change in volume in response to a change in temperature 

	8. transition metals
	h) a measure of the ability of a material to transfer heat 

	9. ductility
	i) a measure of the quantity of some physical property (usually mass) per unit length, area, or volume (usually volume)

	10. thermal expansion
	j) the change of the physical state of matter from gaseous phase into liquid phase, and is the reverse of vaporization 


3. Read and translate the text into Ukrainian analyzing lexical transformations.

Metal properties

The way that metal atoms are arranged to make a crystal lattice gives metals particular properties. The uses we make of metals depend on these properties.

Metal properties and uses

Most metals are very strong. They have high melting points and they have high heat and electrical conductivity. They are also malleable, which means they can be beaten or pressed into thin sheets.

Compare the melting and boiling points of the metals and non-metals in this table:

Melting and boiling points of metals and non-metals

	Element
	Metal or non-metal
	Melting point / °C
	Boiling point / °C

	aluminium
	metal
	661
	2,467

	gold
	metal
	1,064
	2,807

	iron
	metal
	1,535
	2,750

	tungsten
	metal
	3,407
	5,927

	iodine
	non-metal
	114
	185

	phosphorus
	non-metal
	44
	280

	sulfur
	non-metal
	113
	445


· The uses we make of metals are related to their properties:

· сar bodies are made from steel, which is mostly iron, because it is a very strong material that is easy to press into the required shape;
· electrical wiring is made from copper because it is a very good conductor of electricity;
· the filament of a light bulb is made from tungsten because this metal does not melt at the very high temperature needed to make it white hot.

Metals have their characteristic properties because of their giant structure. In a metal crystal, the atoms are in a regular arrangement and strongly bonded together. Strong metallic bonding makes metals hard, but allows layers of atoms to slide so that the metal is malleable. The layers of atoms also allow an electric current to pass through.

The extensive use of metals is having an effect on our environment:

· strip mining of metal ores creates large areas of barren and lifeless land;
· waste material from metal extraction is left in spoil tips that scar the landscape;
· while some used metals are recycled, many metal articles are simply dumped;
· toxic metal compounds leach out of waste material to pollute the environment, killing wildlife.

Physical and Chemical Properties
Physical properties are those that can be observed without changing the identity of the substance. The general properties of matter such as color, density, hardness, are examples of physical properties. Properties that describe how a substance changes into a completely different substance are called chemical properties. Flammability and corrosion/oxidation resistance are examples of chemical properties. 

The difference between a physical and chemical property is straightforward until the phase of the material is considered. When a material changes from a solid to a liquid to a vapor it seems like them become a difference substance. However, when a material melts, solidifies, vaporizes, condenses or sublimes, only the state of the substance changes. Consider ice, liquid water, and water vapor, they are all simply H2O. Phase is a physical property of matter and matter can exist in four phases – solid, liquid, gas and plasma.

Some of the more important physical and chemical properties from an engineering material standpoint will be discussed in the following sections:
· Phase Transformation Temperatures;
· Density;
· Specific Gravity;
· Thermal Conductivity;
· Linear Coefficient of Thermal Expansion;
· Electrical Conductivity and Resistivity;
· Magnetic Permeability;
· Corrosion Resistance. 

Physical Properties that Result from the Structure of Metals 
The structures of metals can be used to explain many of the characteristic physical properties of metals. 

When asked to explain why metals have a characteristic metallic shine, or luster, many people would say that metals reflect (literally, throw back) the light that shines on their surface. They might argue, in effect, that light bounces off a metal's surface the way a racquetball bounces off the walls of a racquetball court. There is something wrong with this analogy, however. Metals actually absorb a significant fraction of the light that hits their surface.

A portion of the energy captured when the metal absorbs light is turned into thermal energy. (You can easily demonstrate this by placing your hand on the surface of a car that has spent several hours in the sun.) The rest of the energy is reradiated by the metal as "reflected" light. Silver is better than any other metal at reflecting light, and yet only 88% of the light that hits the surface of a silver mirror is reradiated. This raises an important question: Why do metals absorb light when other substances, such as the glass in the car's windows, do not? Light is absorbed when the energy of this radiation is equal to the energy needed to excite an electron to a higher-energy excited state or when the energy can be used to move an electron through the solid. Because electrons are delocalized in metals and therefore free to move through the solid metals absorb light easily. Other solids, such as glass, don't have electrons that can move through the solid, so they can't absorb light the way metals do. These solids are colorless and can only be colored by adding an impurity in which the energy associated with exciting an electron from one orbital to another falls in the visible portion of the spectrum. Glass is usually colored by adding a small quantity of one of the transition metals. Cobalt produces a blue color, chromium makes the glass appear green, and traces of gold give a deep-red color.

Why are metals solid? Non-metals such as hydrogen and oxygen are gases at room temperature because these elements can achieve a filled shell of valence electrons by sharing pairs of electrons to form relatively small molecules, such as H2 and O2, that are moving fast enough at room temperature to escape from the liquid into the gaseous phase. Metals can't do this. There aren't enough electrons on a metal atom to allow it to fill its valence shell by sharing pairs of electrons with one or two nearest neighbours. The only way a metal can obtain the equivalent of a filled shell of valence electrons is by allowing these electrons to be shared by a number of adjacent metal atoms. This is possible only if a large number of metal atoms are kept close together, and metals are therefore solids at room temperature.

Why are metals malleable and ductile? Most metals pack in either body-centered cubic, hexagonal closest-packed, or cubic closest-packed structures. In theory, changing the shape of the metal is simply a matter of applying a force that makes the atoms in one of the planes slide past the atoms in an adjacent plane, as shown in the figure below. In practice, it is easier to do this when the metal is hot.

Why are metals good conductors of heat and electricity? As we have already seen, the delocalization of valence electrons in a metal allows the solid to conduct an electric current. To understand why metals conduct heat, remember that temperature is a macroscopic property that reflects the kinetic energy of the individual atoms or molecules. The tight packing of atoms in a metal means that kinetic energy can be transferred from one atom to another both rapidly and efficiently.
4. Distinguish the terms

a) Absorption vs adsorption 
b) Flux vs slag
c) Melting vs smelting

5. Match the words making up multi-component terms & translate them

forgings / hardness / metal 

large / structures / grain

diamond / cone / tipped /spherical 

cast / iron / hard

iron / malleable / pearlitic

hardness / superficial / designation

hammer / tipped / diamond

hardened / pure / steel / carbon / high

sharp / point / steel

reinforced / rigid /non / plastics  

6. Complete the text with prepositions if necessary. Translate into Ukrainian analyzing lexical transformations.

Magnetic Permeability
Magnetic permeability or simply permeability is the ease ___(1) which a material can be magnetized. It is a constant __(2) proportionality that exists between magnetic induction and magnetic field intensity. This constant is equal to approximately 1.257 x 10-6 Henry per meter (H/m) __(3) free space (a vacuum). In other materials it can be much different, often substantially greater than the free-space value, which is symbolized __(4) µ0. 

Materials that cause the lines __(5) flux to move farther apart, resulting __(6) a decrease __(7) magnetic flux density compared __(8) a vacuum, are called diamagnetic. Materials that concentrate magnetic flux by a factor of more than one but less than or equal to ten are called paramagnetic; materials that concentrate the flux by a factor of more than ten are called ferromagnetic. The permeability factors __(9) some substances change __(10) rising or falling temperature, or __(11) the intensity __(12) the applied magnetic field.

__(13) engineering applications, permeability is often expressed __(14) relative, rather than __(15) absolute, terms. If µ o represents the permeability __(16) free space (that is, 4p X10-7H/m or 1.257 x 10-6 H/m) and µ represents the permeability __(17) the substance __(18) question (also specified __(19) henrys per meter), then the relative permeability, µr, is given by:

µr = µ / µ0
For non-ferrous metals such as copper, brass, aluminum etc., the permeability is the same as that of "free space", i.e. the relative permeability is one.__(20) ferrous metals however the value __(21) µ r may be several hundred. Certain ferromagnetic materials, especially powdered or laminated iron, steel, or nickel alloys, have µr that can range __(22) to __(23) 1,000,000. Diamagnetic materials have µr less than one, but no known substance has relative permeability much less than one. __(24) addition, permeability can vary greatly __(25) a metal part due to localized stresses, heating effects, etc.

When a paramagnetic or ferromagnetic core is inserted __(26) a coil, the inductance is multiplied by µr compared __(27) the inductance __(28) the same coil __(29) an air core. This effect is useful __(30) the design of transformers and eddy current probes. 
7. Read the text and find English equivalents to the following Ukrainian words and word-combinations:

сприяти утворенню зв’язку, неефективно упаковані, координаційне число 8, ядра, делокалізовані електрони, додаткова кінетична енергія, повернутися на вихідні позиції, межі зерен, ряд атомів, крихкий, термічна обробка, металообробка, холодне деформування, для відновлення його оброблюваності, звичайне розміщення атомів, латунь (суміш міді з цинком)
The physical properties of metals
Melting points and boiling points
Metals tend to have high melting and boiling points because of the strength of the metallic bond. The strength of the bond varies from metal to metal and depends on the number of electrons which each atom delocalises into the sea of electrons, and on the packing.

Group 1 metals like sodium and potassium have relatively low melting and boiling points mainly because each atom only has one electron to contribute to the bond - but there are other problems as well:

· group 1 elements are also inefficiently packed (8-coordinated), so that they aren't forming as many bonds as most metals;
· they have relatively large atoms (meaning that the nuclei are some distance from the delocalised electrons) which also weakens the bond.

Electrical conductivity
Metals conduct electricity. The delocalised electrons are free to move throughout the structure in 3-dimensions. They can cross grain boundaries. Even though the pattern may be disrupted at the boundary, as long as atoms are touching each other, the metallic bond is still present.

Liquid metals also conduct electricity, showing that although the metal atoms may be free to move, the delocalisation remains in force until the metal boils.

Thermal conductivity
Metals are good conductors of heat. Heat energy is picked up by the electrons as additional kinetic energy (it makes them move faster). The energy is transferred throughout the rest of the metal by the moving electrons.

Strength and workability
Malleability and ductility
Metals are described as malleable (can be beaten into sheets) and ductile (can be pulled out into wires). This is because of the ability of the atoms to roll over each other into new positions without breaking the metallic bond.

If a small stress is put onto the metal, the layers of atoms will start to roll over each other. If the stress is released again, they will fall back to their original positions. Under these circumstances, the metal is said to be elastic.
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If a larger stress is put on, the atoms roll over each other into a new position, and the metal is permanently changed.
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The hardness of metals
This rolling of layers of atoms over each other is hindered by grain boundaries because the rows of atoms don't line up properly. It follows that the more grain boundaries there are (the smaller the individual crystal grains), the harder the metal becomes.

Offsetting this, because the grain boundaries are areas where the atoms aren't in such good contact with each other, metals tend to fracture at grain boundaries. Increasing the number of grain boundaries not only makes the metal harder, but also makes it more brittle.

Controlling the size of the crystal grains
If you have a pure piece of metal, you can control the size of the grains by heat treatment or by working the metal.
Heating a metal tends to shake the atoms into a more regular arrangement - decreasing the number of grain boundaries, and so making the metal softer. Banging the metal around when it is cold tends to produce lots of small grains. Cold working therefore makes a metal harder. To restore its workability, you would need to reheat it.

You can also break up the regular arrangement of the atoms by inserting atoms of a slightly different size into the structure. Alloys such as brass (a mixture of copper and zinc) are harder than the original metals because the irregularity in the structure helps to stop rows of atoms from slipping over each other.
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8. Complete the text making appropriate derivatives of the words in brackets.

Toughness
The ability of a metal to deform ___ (plastic) and to absorb energy in the process before fracture is termed toughness. The emphasis of this ___ (to define) should be placed on the ability to absorb energy before fracture. Recall that ductility is a measure of how much something deforms ___ (plastic) before fracture, but just because a material is ductile does not make it tough. The key to toughness is a good ___ (to combine) of strength and ___ (ductile). A material with high strength and high ___ (ductile) will have more toughness than a material with low strength and high ___ (ductile). Therefore, one way to measure toughness is by ___ (to calculate) the area under the stress strain curve from a tensile test. This value is simply ___ (to call) “material toughness” and it has units of energy per volume. Material toughness equates to a slow ___ (to absorb) of energy by the material.

There are several variables that have a profound influence on the toughness of a material. These variables are: 

· strain rate (rate of ___ (to load);
· temperature;
· notch effect. 

A metal may possess ___ (to satisfy) toughness under static loads but may fail under dynamic loads or impact. As a rule ductility and, therefore, toughness decrease as the rate of loading increases. Temperature is the second variable to have a major influence on its toughness. As temperature is ___ (low), the ductility and toughness also decrease. The third ___ (to vary) is termed notch effect, has to due with the ___ (to distribute) of stress. A material might display good toughness when the ___ (to apply) stress is uniaxial; but when a multiaxial stress state is produced due to the presence of a notch, the material might not withstand the ___ (simultaneity) elastic and plastic ___ (to deform) in the various directions. 

There are several standard types of toughness test that generate data for specific loading conditions and/or component design approaches.  Three of the toughness properties that will be discussed in more detail are 1) impact toughness, 2) notch toughness and 3) fracture toughness. 

9. Translate into English

Конструкційні матеріали характеризуються різними властивостями, які визначають якість матеріалів та область їх застосування. За рядом ознак основні властивості матеріалів поділяють на фізичні, механічні, технологічні та хімічні.

Фізичні властивості матеріалу характеризують його будову або відношення до фізичних процесів навколишнього середовища. Всі конструкційні матеріали розрізняються за густиною, теплопровідністю та теплоємкістю. Для металів важливими фізичними характеристиками є температура плавлення та електропровідність. 

До механічних властивостей належать міцність, пружність, пла​стичність, твердість, ударна в’язкість, витривалість, зносостійкість та ін. Від механічних властивостей матеріалу залежить його поведінка при деформації і руйнуванні під дією зовнішніх сил. Для їх визначення зразки металів встановленого розміру і форми випробовують на спеціальних машинах та приладах у певних умовах. Умови випробувань поділяють на статичні (навантаження на зразок зростають повільно і плавно), дина​мічні (навантаження зростає з великою швидкістю і має удар​ний характер) та циклічні (навантаження багаторазово змінюються за величиною і напрямком). 

Статичні навантаження при випробуваннях можуть бути розтягувальними та стискувальними. Метали частіше за все випробовують на розтягування, визначаючи межі пружності, плинності і міцності та його пластичність.

Статичне стискування металу спеціальним індентором застосовують при визначенні твердості — здатності металу протидіяти пружним і пластичним деформаціям під час проникнення іншого твердішого тіла. Для визначення твердості металів найчастіше використовують методи Брінелля, Роквелла та Віккерса. 

Ударна в’язкість, витривалість та зносостійкість

Основним видом випробувань металів під дією динамічних навантажень є випробування на ударний згин надрізаних зра​зків стандартизованого розміру. Ударною в’язкістю називають відношення роботи, яка витрачена на руйнування зразка, до початкової площі його поперечного перерізу в місці руйнування. Зразок з надрізом встановлюють на маятниковому копрі і наносять удар маятником. 
Більшість деталей машин і конструкцій, що працюють при циклічних навантаженнях, руйнуються після певної кількості циклів при напруженнях, нижчих за σТ. Це явище називають втомою. За характеристику міцності металу в таких умовах використовують межу витривалості σ-1 — найбільше напру​ження, при якому деталь не руйнується після певної кількості циклів навантаження, що називають базою. Для сталі вона становить 107 циклів, а для кольорових металів – 108. Дослідження проводять на випробувальних машинах, частіше з обертовим зразком. 

На зносостійкість конструкційні матеріали випробовують на спеціальних барабанах, що обертаються. 

Оскільки при стандартних випробуваннях важко повністю відтворити умови роботи деталі в конструкції чи машині, час​то готові деталі додатково випробовують на стендах або в про​цесі експлуатації. Це хоч і дорого, проте дає змогу приймати обгрунтованіші рішення при виборі матеріалу і способі його зміцнення.

Tехt 1

Hardness
Hardness is the resistance of a material to localized deformation. The term can apply to deformation from indentation, scratching, cutting or bending. In metals, ceramics and most polymers, the deformation considered is plastic deformation of the surface. For elastomers and some polymers, hardness is defined at the resistance to elastic deformation of the surface. The lack of a fundamental definition indicates that hardness is not a basic property of a material, but rather a composite one with contributions from the yield strength, work hardening, true tensile strength, modulus, and others factors. Hardness measurements are widely used for the quality control of materials because they are quick and considered to be nondestructive tests when the marks or indentations produced by the test are in low stress areas.

There are a large variety of methods used for determining the hardness of a substance. A few of the more common methods are introduced below.

Mohs Hardness Test

One of the oldest ways of measuring hardness was devised by the German mineralogist Friedrich Mohs in 1812. The Mohs hardness test involves observing whether a materials surface is scratched by a substance of known or defined hardness. To give numerical values to this physical property, minerals are ranked along the Mohs scale, which is composed of 10 minerals that have been given arbitrary hardness values. Mohs hardness test, while greatly facilitating the identification of minerals in the field, is not suitable for accurately gauging the hardness of industrial materials such as steel or ceramics. For engineering materials, a variety of instruments have been developed over the years to provide a precise measure of hardness. Many apply a load and measure the depth or size of the resulting indentation. Hardness can be measured on the macro-, micro- or nano- scale.

Brinell Hardness Test

The oldest of the hardness test methods in common use on engineering materials today is the Brinell hardness test. Dr. J. A. Brinell invented the Brinell test in Sweden in 1900. The Brinell test uses a desktop machine to applying a specified load to a hardened sphere of a specified diameter. The Brinell hardness number, or simply the Brinell number, is obtained by dividing the load used, in kilograms, by the measured surface area of the indentation, in square millimeters, left on the test surface. The Brinell test is frequently used to determine the hardness metal forgings and castings that have a large grain structures. The Brinell test provides a measurement over a fairly large area that is less affected by the course grain structure of these materials than are Rockwell or Vickers tests.

A wide range of materials can be tested using a Brinell test simply by varying the test load and indenter ball size. In the USA, Brinell testing is typically done on iron and steel castings using a 3000Kg test force and a 10mm diameter ball. A 1500 kilogram load is usually used for aluminum castings. Copper, brass and thin stock are frequently tested using a 500Kg test force and a 10 or 5mm ball. In Europe Brinell testing is done using a much wider range of forces and ball sizes and it is common to perform Brinell tests on small parts using a 1mm carbide ball and a test force as low as 1kg. These low load tests are commonly referred to as baby Brinell tests. The test conditions should be reported along with the Brinell hardness number. A value reported as "60 HB 10/1500/30" means that a Brinell Hardness of 60 was obtained using a 10mm diameter ball with a 1500 kilogram load applied for 30 seconds. 

Rockwell Hardness Test

The Rockwell Hardness test also uses a machine to apply a specific load and then measure the depth of the resulting impression. The indenter may either be a steel ball of some specified diameter or a spherical diamond-tipped cone of 120° angle and 0.2 mm tip radius, called a brale. A minor load of 10 kg is first applied, which causes a small initial penetration to seat the indenter and remove the effects of any surface irregularities. Then, the dial is set to zero and the major load is applied. Upon removal of the major load, the depth reading is taken while the minor load is still on. The hardness number may then be read directly from the scale. The indenter and the test load used determine the hardness scale that is used (A, B, C, etc). 

For soft materials such as copper alloys, soft steel, and aluminum alloys a 1/16" diameter steel ball is used with a 100-kilogram load and the hardness is read on the "B" scale. In testing harder materials, hard cast iron and many steel alloys, a 120 degrees diamond cone is used with up to a 150 kilogram load and the hardness is read on the "C" scale. There are several Rockwell scales other than the "B" & "C" scales, (which are called the common scales). A properly reported Rockwell value will have the hardness number followed by "HR" (Hardness Rockwell) and the scale letter. For example, 50 HRB indicates that the material has a hardness reading of 50 on the B scale. 

A -Cemented carbides, thin steel and shallow case hardened steel
B -Copper alloys, soft steels, aluminum alloys, malleable iron, etc.
C -Steel, hard cast irons, pearlitic malleable iron, titanium, deep case hardened steel and other materials harder than B 100
D -Thin steel and medium case hardened steel and pearlitic malleable iron
E -Cast iron, aluminum and magnesium alloys, bearing metals
F -Annealed copper alloys, thin soft sheet metals
G -Phosphor bronze, beryllium copper, malleable irons
H -Aluminum, zinc, lead
K, L, M, P, R, S, V -Bearing metals and other very soft or thin materials, including plastics.

Rockwell Superficial Hardness Test

The Rockwell Superficial Hardness Tester is used to test thin materials, lightly carburized steel surfaces, or parts that might bend or crush under the conditions of the regular test. This tester uses the same indenters as the standard Rockwell tester but the loads are reduced. A minor load of 3 kilograms is used and the major load is either 15 or 45 kilograms depending on the indenter used. Using the 1/16" diameter, steel ball indenter, a "T" is added (meaning thin sheet testing) to the superficial hardness designation. An example of a superficial Rockwell hardness is 23 HR15T, which indicates the superficial hardness as 23, with a load of 15 kilograms using the steel ball. 

Vickers and Knoop Microhardness Tests

The Vickers and Knoop Hardness Tests are a modification of the Brinell test and are used to measure the hardness of thin film coatings or the surface hardness of case-hardened parts. With these tests, a small diamond pyramid is pressed into the sample under loads that are much less than those used in the Brinell test. The difference between the Vickers and the Knoop Tests is simply the shape of the diamond pyramid indenter.  The Vickers test uses a square pyramidal indenter which is prone to crack brittle materials. Consequently, the Knoop test using a rhombic-based (diagonal ratio 7.114:1) pyramidal indenter was developed which produces longer but shallower indentations. For the same load, Knoop indentations are about 2.8 times longer than Vickers indentations. 

An applied load ranging from 10g to 1,000g is used.  This low amount of load creates a small indent that must be measured under a microscope. The measurements for hard coatings like TiN must be taken at very high magnification (i.e. 1000X), because the indents are so small. The surface usually needs to be polished. The diagonals of the impression are measured, and these values are used to obtain a hardness number (VHN), usually from a lookup table or chart. The Vickers test can be used to characterize very hard materials but the hardness is measured over a very small region. 

The values are expressed like 2500 HK25 (or HV25) meaning 2500 Hardness Knoop at 25 gram force load.  The Knoop and Vickers hardness values differ slightly, but for hard coatings, the values are close enough to be within the measurement error and can be used interchangeably.

Scleroscope and Rebound Hardness Tests

The Scleroscope test is a very old test that involves dropping a diamond tipped hammer, which falls inside a glass tube under the force of its own weight from a fixed height, onto the test specimen. The height of the rebound travel of the hammer is measured on a graduated scale. The scale of the rebound is arbitrarily chosen and consists on Shore units, divided into 100 parts, which represent the average rebound from pure hardened high-carbon steel. The scale is continued higher than 100 to include metals having greater hardness. The Shore Scleroscope measures hardness in terms of the elasticity of the material and the hardness number depends on the height to which the hammer rebounds, the harder the material, the higher the rebound. 

The Rebound Hardness Test Method is a recent advancement that builds on the Scleroscope. There are a variety of electronic instruments on the market that measure the loss of energy of the impact body. These instruments typically use a spring to accelerate a spherical, tungsten carbide tipped mass towards the surface of the test object. When the mass contacts the surface it has a specific kinetic energy and the impact produces an indentation (plastic deformation) on the surface which takes some of this energy from the impact body. The impact body will lose more energy and it rebound velocity will be less when a larger indentation is produced on softer material. The velocities of the impact body before and after impact are measured and the loss of velocity is related to Brinell, Rockwell, or other common hardness value. 

Durometer Hardness Test

A Durometer is an instrument that is commonly used for measuring the indentation hardness of rubbers/elastomers and soft plastics such as polyolefin, fluoropolymer, and vinyl. A Durometer simply uses a calibrated spring to apply a specific pressure to an indenter foot. The indenter foot can be either cone or sphere shaped. An indicating device measures the depth of indentation. Durometers are available in a variety of models and the most popular testers are the Model A used for measuring softer materials and the Model D for harder materials. 
Barcol Hardness Test

The Barcol hardness test obtains a hardness value by measuring the penetration of a sharp steel point under a spring load. The specimen is placed under the indenter of the Barcol hardness tester and a uniform pressure is applied until the dial indication reaches a maximum. The Barcol hardness test method is used to determine the hardness of both reinforced and non-reinforced rigid plastics and to determine the degree of cure of resins and plastics. 

