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Section A
1. Learn the vocabulary:

	alloy
	сплав

	bronze
	бронза

	tin
	олово

	molten copper
	розплавлена мідь

	brass
	латунь

	pewter
	сплав олова зі свинцем

	polder
	припій

	alnico
	алні – висококоерцитивний сплав для постійних магнітів на основі систем Fe-Ni-Al

	cast iron
	чавун

	stainless steel
	неіржавіюча (корозійностійка) сталь

	galvanized steel
	оцинкована сталь

	percentage of carbon
	відсотковий вміст вуглецю

	brittleness
	крихкість

	slowly cooled steels
	повільно охолоджені сталі

	amount of hard Fe3C
	кількість твердих часток карбіду заліза

	raw materials
	сировина

	blast furnace
	доменна піч

	pig iron
	чавун у чушках, переробний чавун

	deoxidized
	розкислений

	ingots
	зливки

	wrought shape
	лита форма

	forging
	кування

	extrusion
	екструзія

	rolling
	прокатка

	carbon steels   
	вуглецеві сталі

	alloy steels
	леговані сталі

	austenitic
	аустенітний

	ferritic
	феритний

	martensitic
	мартенситний

	wear-resistant
	зносостійкий

	heat-treated state
	стан термічної обробки

	tempered
	загартований

	melting processes
	процеси плавлення

	mechanical treatment
	механічна обробка


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

	1. metal coating
	a) the shaping of sheet metal by straining the metal around a straight axis 

	2. mixture
	b) a metallurgical and metalworking process used to increase the hardness of a metal

	3. percent composition
	c) two or more substances which have been combined such that each substance retains its own chemical identity 

	4. deoxidizer
	d) the percentage by mass of each element in a compound 

	5. hardening
	e) a thin film of metal bonded to a base material in order to add specific surface properties, such as corrosion or oxidation resistance, color, wear resistance, or optical characteristics 

	6. annealing
	f) heating steel to, and holding at a suitable temperature, followed by relatively slow cooling

	7. bending
	g) a chemical compound used in a reaction or process to remove oxygen


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

Alloys:
The presence of other elements in the metal can also change its properties, sometimes drastically.  The arrangement and kind of bonding in metals permits the addition of other elements into the structure, forming mixtures of metals called alloys.  Even if the added elements are nonmetals, alloys may still have metallic properties.  

Copper alloys were produced very early in our history.  Bronze, an alloy of copper and tin, was the first alloy known.  It was easy to produce by simply adding tin to molten copper.  Tools and weapons made of this alloy were stronger than pure copper ones.  Adding zinc to copper produces another alloy, brass.  Although brass is more difficult to produce than bronze, it also was known in ancient times.  Typical composition of some alloys is given in this table:
	
Alloy

	Composition


	Brass
	Copper, Zinc

	Bronze
	Copper, Zinc, Tin

	Pewter
	Tin, Copper, Bismuth, Antimony

	Solder
	Lead, Tin

	Alnico
	Aluminum, Nickel, Cobalt, Iron

	Cast iron
	Iron, Carbon, Manganese, Silicon

	Steel
	Iron, Carbon (plus small amounts of alloying elements)

	Stainless Steel
	Iron, Chromium, Nickel


Табл. Composition of several alloys
Alloys are mixtures and their percentage composition can vary. This is useful, because the properties of alloys can be manipulated by varying  composition.  For example, electricians need a solder with different properties than the one used by plumbers.  Electrical solder hardens very quickly producing an almost immediate connection.  This would not be practical for plumbers who need some time to set the joint.  Electrical solder contains about 60% tin, whereas plumber's solder contains about 30%.  

Pewter originally contained lead, and since pewter was used for plates and goblets, it probably was a source of lead poisoning.  Pewter made today is lead-free. Increased knowledge of the properties of metals also leads to new alloys.  Some brasses form shape memory alloys which can be bent and will return to their original shape when gently heated.  Zinc alloys, used as a coating on steel, slow corrosion (galvanized steel).  Cadmium alloys find extensive use in solar cells.  The ability of cupronickel to resist the build-up of deposits makes it useful for cages in fish farming.  

Iron and Steel

Carbon steels vary in the percentage of carbon they contain.  The amount of carbon affects the properties of the steel and its suitability for specific uses. Steels rarely contain more than 1% carbon.  Structural steel contains about 0.1-0.2% carbon by weight; this makes it slightly more ductile and less apt to break during earthquakes.  Steel used for tools is about 0.5-1 % carbon, making it harder and more wear resistant. Cast iron is between 2.5 and 4% carbon and finds use in low cost applications where its brittleness is not a problem.  Surprisingly, pure iron is extremely soft and is rarely used.  Increasing the amount of carbon tends to increase the hardness of the metal as shown by the following graph.  In slowly cooled steels, carbon increases the amount of hard Fe3C; in quenched steels, it also increases the hardness and strength of the material.

Bobby pins and paper clips are processed in much the same way but contain different amounts of carbon. Bobby pins and paper clips are formed from cold worked steel wire. The paper clip, containing little carbon, is mostly pure Fe with some Fe3C particles.  The bobby pin has more carbon and thus contains a larger amount of Fe3C which makes it much harder and stronger. 

The properties of steel can be tailored for special uses by the addition of other metals to the alloy.  Titanium, vanadium, molybdenum and manganese are among the metals added to these specialty steels. Stainless steel contains a minimum of 12% chromium, which stops further oxidation by forming a protective oxide on the surface.

Steels in General. Definition

Steel is the common name for a large family of iron alloys which are easily malleable after the molten stage. Steels are commonly made from iron ore, coal, and limestone. When these raw materials are put into the blast furnace, the result is a "pig iron" which has a composition of iron, carbon, manganese, sulfur, phosphorus, and silicon. 

As pig iron is hard and brittle, steelmakers must refine the material by purifying it and then adding other elements to strengthen the material. The steel is next deoxidized by a carbon and oxygen reaction. A strongly deoxidized steel is called "killed", and a lesser degrees of deoxodized steels are called "semikilled", "capped", and "rimmed". 

Steels can either be cast directly to shape, or into ingots which are reheated and hot worked into a wrought shape by forging, extrusion, rolling, or other processes. Wrought steels are the most common engineering material used, and come in a variety of forms with different finishes and properties. 

Standard Steels

According to the chemical compositions, standard steels can be classified into three major groups: carbon steels, alloy steels, and stainless steel: 

	Steels
	Compositions

	Carbon Steels
	Alloying elements do not exceed these limits: 1% carbon, 0.6% copper, 1.65% manganese, 0.4% phosphorus, 0.6% silicon, and 0.05% sulfur.

	Alloy steels
	Steels that exceed the element limits for carbon steels. Also includes steels that contain elements not found in carbon steels such as nickel, chromium (up to 3.99%), cobalt, etc.

	Stainless steel 
	
	Contains at least 10% chromium, with or without other elements. Based on the structures, stainless steels can be grouped into three grades: 



	
	Austenitic 
	Typically contains 18% chromium and 8% nickel and is widely known as 18-8. Nonmagnetic in annealed condition, this grade can only be hardened by cold working.

	
	Ferritic 
	Contains very little nickel and either 17% chromium or 12% chromium with other elements such as aluminum or titanium. Always magnetic, this grade can be hardened only by cold working.

	
	Martensitic 
	Typically contains 12% chromium and no nickel. This grade is magnetic and can be hardened by heat treatment.


Tool Steels

Tool steels typically have excess carbides (carbon alloys) which make them hard and wear-resistant. Most tool steels are used in a heat-treated state, generally hardened and tempered.

Alloy steels comprise a wide variety of steels which have compositions that exceed the limitations of C, Mn, Ni, Mo, Cr, Va, Si, and B which have been set for carbon steels. However, steels containing more than 3.99% chromium are classified differently as stainless and tool steels. 

Alloy steels are always killed, but can use unique deoxidization or melting processes for specific applications. Alloy steels are generally more responsive to heat and mechanical treatments than carbon steels. 
4. Match the words making up multi-component terms & translate them

high / steels / temperature
and / earth / equipment / moving / quarrying 

turbine / electricity / components / power
heating and / smith's / processes / cyclic / forging 
properties / hardening / precipitation
forming /element / austenite
steels / nickel / austenitic / chromium
steel / chromium / stainless / high
metal / colored / silver
identifying / characteristics / iron's
primary / material / structural
5. Complete the text with prepositions if necessary. Translate into Ukrainian analyzing lexical transformations.

Iron Facts 
Iron Atomic Number: 26

Iron Symbol: Fe

Iron Atomic Weight: 55.847

Iron Discovery: Known since prehistoric time

Electron Configuration: [Ar]4s23d6
Word Origin: Latin ferrum; Anglo-Saxon iron
Isotopes: There are 14 known isotopes of iron. Common iron consists of a mixture of 4 isotopes.

Properties: The melting point __(1) iron is 1535°C, boiling point is 2750°C, specific gravity is 7.874 (20°C), __(3) a valence __(2)  2, 3, 4, or 6. Pure iron is chemically reactive and corrodes rapidly, especially __(4) moist air or __(5) elevated temperatures. Four allotropic forms, or ferrites, are known: a, b, g, and d, __(6) transition points __(7) 770, 928, and 1530°C. The a form is magnetic, but when iron is transformed __(8) the b form, the magnetism disappears, although the lattice remains unchanged.

Uses: Iron is vital to plant and animal life. In humans, it appears __(9) the hemoglobin molecule. Iron metal is usually alloyed __(10) other metals and carbon __(11) commercial uses. Pig iron is an alloy containing __(12) 3-5% carbon, __(13) varying quantities of Si, S, P, and Mn. Pig iron is brittle, hard, and fairly fusible and is used to produce other iron alloys, including steel. Wrought iron contains only a few tenths __(14) a percent __(15) carbon and is malleable, tough, and less fusible than pig iron. Wrought iron typically has a fibrous structure. Carbon steel is an iron alloy __(16) carbon and small amounts __(17) S, Si, Mn, and P. Alloy steels are carbon steels that contain __(18) additives such as chromium, nickel, vanadium, etc. Iron is the least expensive, most abundant, and most used of all metals.

Sources: Iron is a relatively abundant element __(19) the universe. The sun and many types __(20) stars contain iron in quantity. Iron is found native __(21) a class __(22) meteorites called siderites and it is a minor constituent __(23) the other two classes __(24) meteorites. The Earth's core is thought to be composed mainly __(25) iron, __(26) about 10% occluded hydrogen. Iron is the fourth most abundant element __(27) the Earth's crust. The most common iron ore is hematite (Fe2O3), from which iron metal is obtained by reduction __(28) carbon. Iron is also found __(29) minerals such as taconite and magnetite, which is commonly seen as black sands __(30) beaches and stream banks.

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

Iron is one of the elements you encounter in pure form. It is __ (essence) for nutrition and __(use) in a __(to vary) of household objects. Here are some quick facts about iron. 

Iron is an element that has been known in its pure form for at least 5,000 years. The name "iron" comes from the Anglo-Saxon word "iron" and __(Scandinavia) "iarn" for the metal. 

The element symbol for iron is Fe, which comes from the Latin word for iron, "ferrum". 

Iron is one of the most __ (plenty) elements. It comprises about 5.6% of the earth's crust and almost all of the earth's core. 

The single __(large) use of iron is to make steel, an alloy of iron and a __(small) amount of carbon. According to achaeological records from Anatolia, man has been __ (produce) steel for at least 4,000 years.

Iron is a __(transit) metal.

Iron is not always __(magnet)! The a allotrope (or form) or iron is ferromagnetic, yet if it is __(to transform) to the b allotrope, the __(magnet) disappears even though the crystal lattice is unchanged.

Animals and plants require iron. Plants use iron in chlorophyll, the pigment used in photosynthesis. Humans use iron in hemoglobin molecules in blood to allow for the transport of oxygen to tissues throughout the body.

Although iron is an essential mineral, too much of it is __ (extreme) toxic. Free iron in the blood reacts with peroxides to form free radicals that damage DNA, protein, lipids and other cellular components, __(to lead) to __( ill) and sometimes death. 20 milligrams of iron per kilogram of body weight is toxic, while 60 milligrams per kilogram is lethal.

Iron __(primary) forms compounds with +2 and +3 oxidation states.

Iron is formed via fusion in stars that have sufficient mass. The sun and many other stars contain __(signify) amounts of iron. 

7. Read the text and find English equivalents to the following Ukrainian words and word-combinations:

Mischmetal – мішметал
with smaller amounts of – з малою кількістю
oxygen impurities – домішки кисню
the rare earth metals industry – виробництво рідкісноземельних металів
an oxygen getter – поглинач кисню
vacuum tube manufacturing – виробництво вакуумних ламп
metal hydride technology – технологія гідрування металу
remnant material – сліди матеріалу
commercial purity – промислова чистота
microstructural inclusions – мікроструктурні вкраплення
the fusion electrolysis – розплав електроліту
a void-free cerium alloy – щільний церієвий сплав
naturally occurring chloride forms – природно утворені форми хлоридів
What Is Mischmetal? 
The Birth of the Rare Earth Metals Industry

Mischmetal is a rare earth alloy that is exactly what its German name sounds like: a mix of metals. There is no exact formulation for mischmetal, but a common composition is approximately 50% cerium and 25% lanthanum with smaller amounts of neodymium, praseodymium and other trace rare earths making up the balance. With the creation of the first mischmetal from monazite ore, the rare earth metals industry was born, paving the way for isolation and purification of many rare earths.

Physical Properties
In general, mischmetal is soft and brittle. However, because rare earths readily oxidize and absorb hydrogen and nitrogen, it is extremely difficult to produce a thoroughly pure sample of mischmetal in order to test it for mechanical and electrical properties. According to Jiangxi Xinji Metals, a leading Chinese manufacturer of mischmetal, even rare earth metals offered to 99.99999% commercial purity may only contain 99.99% rare earth metal in the delivered condition, with up to 10,000 parts per million oxygen impurities in the alloy.

These impurities create lattice defects and microstructural inclusions that negatively impact strength, toughness, ductility and conductivity properties. As a result, no significant and reliable physical property data on the various commercial mischmetals is published by industry or in research literature.

History
Mischmetal was originally called Auer's metal, after Carl Auer von Welsbach who created the alloy from remnant material from his experiments in creating the thorium-powered light-mantle in 1885. His thorium source was monazite sand, of which some 90-95% was composed of other rare earth metals. None of these at the time had commercial value.

By 1903, von Welsbach had optimized the fusion electrolysis procedure to produce a void-free cerium alloy with approximately 30% iron. The iron addition added significant hardness to the cerium, which is a pyrophoric rare earth. He had created Auermetall, now known as ferrocerium, which is the basic material used for flints in fire starters and lighters.

From this discovery, von Welsbach realized that he could separate the various rare earths from a given ore using electrolytic processes. By carefully using the different solubility properties of the various rare earths to his advantage, he could isolate them from their naturally occurring chloride forms. This was the beginning of the rare earth metals industry – now the various pure elements could be evaluated and used for new commercial applications.

Mischmetal in the Marketplace and Industry
Mischmetal is not traded as a commodity on major exchanges, but is consumed through multiple channels of industry. China is the largest producer in the world, and Molycorp in California sits on the only other known commercially viable bastanite mine in the world, from which mischmetal can be obtained. The alloy is used in the production of all pure rare earth metals and many rare earth alloys.

It is also directly consumed in industrial applications:

· As an oxygen getter in vacuum tube manufacturing;
· In batteries relying on metal hydride technology;
· As a spark source to start fires and flames, as well as in movie special effects;
· By steel and non-ferrous metals manufacturers to improve castability and mechanical properties in certain alloys.

9. Translate into English
Розподіл легуючих елементів у фазах сталі може бути різним. Більшість елементів розчиняються або в аустеніті, або у фериті, утворюючи тверді розчини. Деякі легуючі елементи взаємодіють із вуглецем, утворюючи карбіди. При взаємодії легуючих елементів один з одним чи із залізом утворюються інтерметалеві сполуки (їх ще називають інтерметалідами). 

 Більшість легуючих елементів із залізом утворюють тверді розчини заміщення, лише елементи з малим атомним радіусом (вуглець, азот, бор та ін.), розчиняючись у залізі, дають тверді розчини проникнення. Атоми легуючих елементів відрізняються своїми розмірами від  атомів заліза і створюють у ґратках фериту або аустеніту додаткові спотворення. Зміна розмірів кристалічних ґраток заліза впливає на властивості твердих розчинів. Усі легуючі елементи підвищують міцнісні властивості (межу міцності, твердість) легованих фериту й аустеніту при деякому зниженні їх пластичності.

 Зміцнення фериту зростає при збільшенні вмісту «С» розчиненого в ньому легуючого елемента. Ще більшого ефекту зміцнення легованого фериту можна домогтися після його термообробки. Так, легований хромом, манганом або нікелем безвуглецевий аустеніт при швидкому охолодженні перетворюється на мартенсит із типовою голчатою будовою. Твердість його досягає 350 НВ.

Проте практично всі легуючі елементи (за винятком нікелю і частково хрому) знижують пластичність й ударну в’язкість фериту.  

 Властивості легованого аустеніту істотно відрізняються від властивостей аустеніту вуглецевої сталі. Легований аустеніт має високу міцність як при кімнатній, так і при високих температурах. Його можна зміцнювати дисперсійним твердінням завдяки виділенню високодисперсних сполук – карбідів, нітридів, інтерметалідів або наклепуванням. Розчиняючись в аустеніті, більшість легуючих елементів збільшують його корозійну стійкість та зносостійкість.

Великий вплив на властивості сталі має рівномірність розподілу легуючих елементів по об’єму зерен. Поверхневоактивні (горофільні) легуючі елементи концентруються в основному на межах зерен. При введенні їх у сталь навіть у дуже малій кількості (наприклад, бору в кількох тисячних частках відсотка) вони дуже сильно впливають на розміри зерна, прогартовуваність та інші властивості сталі.

Елементи, які розчиняються рівномірно по всьому зерну чи в основному в його об’ємі (горофобні), сприяють зміцненню твердих розчинів при введенні їх від десятих часток відсотка до кількох відсотків. Важливе значення має вплив елементів на поріг холодноламкості, що характеризує схильність сталі до крихкого руйнування). 
Легуючі елементи залежно від їх взаємодії з вуглецем поділяються на карбідотвірні та некарбідотвірні (графітизуючі).

Легуючі елементи, розміщені у періодичній системі лівіше від заліза, частково розчиняючись у фериті або аустеніті, утворюють у сталі карбіди. Вони мають вищі міцність і стійкість при нагріванні, ніж карбід заліза (цементит). За зменшенням здатності до карбідоутворення метали можна розмістити так:  Ti, Nв, V, W, Mo, Cr, Mn, Fe.

У такому порядку знижуються міцність та стійкість при нагріванні утворених цими металами карбідів.

Text 1

Iron's use by humans dates back about 5000 years. It is the second most abundant metal element in the earth's crust and is primarily used to produce steel, one of the most important structural materials in the world.

· Properties: 

· Atomic Symbol: Fe

· Atomic Number: 26

· Element Category: Transition Metal

· Density: 7.874g/cm3
· Melting Point: 2800°F (1538°C)

· Boiling Point: 5182°F (2862°C)

· Moh's Hardness: 4

Characteristics
Pure iron is a silver-colored metal that conducts heat and electricity well. Iron is too reactive to exist alone so it only occurs naturally in the earth's crust as iron ores, such as hematite, magnetite and siderite.

One of iron's identifying characteristics is that it is strongly magnetic. Exposed to a strong magnetic field, any piece of iron can be magnetized. Scientists believe that the earth's core is made-up of about 90% iron. The magnetic force produced by this iron is what creates the magnetic North and South poles.

History
Iron was likely originally discovered and extracted as a result of wood burning on top of iron containing ores. The carbon within the wood would have reacted with the oxygen in the ore, leaving a soft, malleable iron metal. Iron smelting and the use of iron to make tools and weapons began in Mesopotamia (present day Iraq) between 2700 and 3000 BC. Over the following 2000 years, iron smelting knowledge spread eastward into Europe and Africa during a period known as the Iron Age.

From the 17th century on, until an efficient method to produce steel was discovered in the mid-19th century, iron increasingly used as a structural material to make ships, bridges and buildings. The Eiffel Tower, constructed in 1889, was made using over 7 million kilograms of wrought iron.

Rust
Iron's most troublesome characteristic is its tendency to form rust. Rust (or ferric oxide) is a brown, crumbly compound that is produced when iron is exposed to oxygen. The oxygen gas that is contained in water speeds up the process of corrosion. The rate of rust - how quickly iron turns into ferric oxide – is determined by the oxygen content of the water and the surface area of the iron. Salt water contains more oxygen than fresh water, which is why salt water rusts iron faster than fresh water.

Rust can be prevented by coating iron with other metals that are chemically more attractive to oxygen, such as zinc (the process of coating iron with zinc is referred to as 'galvanizing'). However, the most effective method of protecting against rust is the use of steel.

Steel
Steel is an alloy of iron and various other metals, which are used to enhance the properties (strength, resistance to corrosion, tolerance of heat etc.) of iron. Changing the type and amount of the elements alloyed with iron can produce different types of steel.

The most common steels are:

a) Carbon steels, which contain between 0.5-1.5% carbon. These are the most common steels and are used for auto bodies, ship hulls, knives, machinery and all types of structural supports;
b) Low alloy steels, which contain between 1-5% other metals (often nickel or tungsten). Nickel steel is able to withstand high levels of tension and is, thus, often used in the construction of bridges and for making bicycle chains. Tungsten steels keep their shape and strength in high temperature environments and are used in impact, rotary applications, such as drill bits;
c) High alloy steels, which contain 12-18% of other metals are only used in specialty applications due to their high cost. One example of a high alloy steel is stainless steel, which often contains chromium and nickel, but can be alloyed with various other metals as well. Stainless steel is very strong and highly resistant to corrosion.

Production
Most iron is produced from ores found near the earth's surface. Modern extraction techniques use blast furnaces, which are characterized by their tall stacks (chimney-like structures). The iron is poured into the stacks along with coke (carbon rich coal) and limestone (calcium carbonate). Nowadays, the iron ore normally goes through a process of sintering before entering the stack. This process forms pieces of ore that are between 10-25mm, which are then mixed with coke and limestone.

The sintered ore, coke and limestone are then poured into the stack where is burns at temperatures of 1800°C. Coke burns as a source of heat and, along with oxygen that is shot into the furnace, helps to form the reducing gas carbon monoxide. The limestone mixes with impurities in the iron to form slag. Slag is lighter than molten iron ore, so it rises to the surface and can easily be removed. The hot iron is then poured into molds to produce pig iron or directly prepared for steel production.

Pig iron still contains between 3.5-4.5% carbon, along with other impurities, and is brittle and difficult to work with. Various processes are used in order to lower the phosphorus and sulphur impurities in pig iron in order to produce cast iron. Wrought iron, which contains less than 0.25% carbon, is tough, malleable and easily welded, but is much more laborious and costly to produce than low carbon steel.

In 2010, global iron ore production was around 2.4 billion tonnes. China, the largest producer, accounted for about 37.5% of all production, while other major producing countries include Australia, Brazil, India and Russia.

Applications
Iron was once the primary structural material, but it has long been replaced by steel in most applications. Nevertheless, cast iron is still used in pipes and to make automotive parts, such as cylinder heads, cylinder blocks and gearbox cases. Wrought iron is still used to produce home décor items, such as wine racks, candleholders and curtain rods.

Text 2
Steel Applications. What is steel used for?

Steel is both the most widely used and most recycled metal material on earth. From stainless and high temperature steels to flat carbon products, steel's various forms and alloys offer different properties to meet a wide range of applications. For these reasons, as well as the metal's combination of high strength and a relatively low production cost, steel is now used in countless products.

Steel applications can be divided into five sectors: a) Construction; b) Transport; c) Energy; d) Packaging; e) Appliances and Industry.
Construction
The majority of steel goes to the construction industry. Sustainable steel structures can be built quickly at a low price. Steel, in its various forms and alloys, can be designed to meet the requirements of unique projects, which allow it to be incorporated into infrastructure in all environments. Depending on the conditions that the structure is exposed to, steel can be alloyed or surface treated differently for protection.

The development of efficient steel production techniques at the end of the 20th century contributed to the growth of railways around the world as well as the advent of the high-rise building. Many famous historical structures, such as Empire State Building, contain steel as a primary construction material.

Steel can also be found in: low and high-rise buildings; education and hospital buildings; sports stadiums, stations; reinforced concrete; bridge deck plates; piers and suspension cables; harbors; cladding and roofing; offices; tunnels; security fencing; coastal and flood defenses.
Transport
Engineering steels are wrought steels that are designed to have certain specific levels of elasticity, strength, ductility and corrosion resistance. They are used in the general engineering and manufacturing sectors, but the bulk goes to transport vehicles.

Steel accounts for over 50% the weight of an average car. Advanced high-strength steels (AHSS) are used in vehicles; it is a lightweight material that requires less energy to produce and reduces CO2 emissions.

Different types of steel are used for the car body, doors, engine, gearbox, steering, suspension, wheel axles and interior.

Besides the automotive market, steel is found in transport materials such as: trucks; transmissions; trains; rails; ships; anchor chains; aircraft undercarriages; jet engines components.
Energy 
All segments of the energy sector, including nuclear, wind power, electric and natural gas, demand steel for infrastructure. Steel is also used for resource extraction, such as in offshore platforms, earth-moving and quarrying equipment, cranes and fork-lifts. Due to the demanding environments, carbon, micro-alloyed, high strength and stainless steels are all used in the production of offshore platforms and pipelines.

In addition to these, many other energy projects rely on large amounts of steel: oil and gas wells and platforms; pipelines; electricity power turbine components; electricity pylons; wind turbines; transmission towers; electromagnets; transformer cores; electromagnetic shields.
Packaging 
Steel packaging protects goods from water, air and light exposure, and is fully recyclable. This method of storage has been around for over 200 years.

Steel allows for high-speed filling and lightweight, easy to open packaging. Packaging steels are often made from low carbon cold-rolled steel strip and are surface finished. The steel is tin plated to prevent corrosion and then coated with polymer, lacquered and printed. The majority of steel packaging goes towards food and beverage container, followed by general line, aerosols, and closures (e.g. bottle caps).

Appliances and Industry 
About 75% of the weight of typical household appliances comes from steel. Steel is found in appliances like fridges, washing machines, ovens, microwaves, sinks, cutlery etc.

Steel also accounts of many industry goods like farm vehicles and machinery, storage tanks, tools, structures, walkways, protective equipment.

Text 3
Steel is essentially iron and carbon alloyed with certain additional elements.

The process of alloying is used to change the chemical composition of steel and improve its properties over carbon steel or adjust them to meet the requirements of a particular application.

Different alloying elements each have their own affect on the properties of steel. Some of the properties that can be improved through alloying include:

· Stabilizing austenite: Elements such as nickel, manganese, cobalt and copper increase the temperatures range in which austenite exists; 

· Stabilizing ferrite: Chromium, tungsten, molybdenum, vanadium, aluminum and silicon can have the effect of lowering carbon's solubility in austenite. This results in an increase in the amount of carbides in the steel and decreases the temperature range in which austenite exists; 

· Carbide forming: Many minor metals, including chromium, tungsten, molybdenum, titanium, niobium, tantalum and zirconium, form strong carbides that - in steel - increase hardness and strength. Such steels are often used to make high speed steel and hot work tool steel; 

· Graphitizing: Silicon, nickel, cobalt and aluminum can decrease the stability of carbides in steel, promoting their breakdown and the formation of free graphite; 

· Decrease of eutectoid concentration: Titanium, molybdenum, tungsten, silicon, chromium and nickel all lower the eutectoid concentration of carbon; 

· Increase corrosion resistance: Aluminum, silicon and chromium form protective oxide layers on the surface of steel, thereby protecting the metal from further deterioration in certain environments. 

Below is a list of commonly used alloying elements and their affect on steel (standard content in brackets):

· Aluminum (0.95-1.30%): A deoxidizer. Used to limit growth of austenite grains;
· Boron (0.001-0.003%): A hardenability agent that improves deformability and machinability. Boron is added to fully killed steel and only needs to be added in very small quantities to have a hardening affect. Additions of boron are most effective in low carbon steels; 

· Chromium (0.5-18%): A key component of stainless steels. At over 12 percent content, chromium significantly improves corrosion resistance.  The metal also improves hardenability, strength, response to heat treatment and wear resistance; 

· Cobalt: Improves strength at high temperatures and magnetic permeability; 

· Copper (0.1-0.4%): Most often found as a residual agent in steels, copper is also added to produce precipitation hardening properties and increase corrosion resistance; 

· Lead: Although virtually insoluble in liquid or solid steel, lead is sometimes added to carbon steels via mechanical dispersion during pouring in order to improve machinability;
· Manganese (0.25-13%): Increases strength at high temperatures by eliminating the formation of iron sulfides. Manganese also improves hardenability, ductility and wear resistance. Like nickel, manganese is an austenite forming element and can be used in the AISI 200 Series of Austenitic stainless steels as a substitute for nickel; 

· Molybdenum (0.2-5.0%): Found in small quantities in stainless steels, molybdenum increases hardenability and strength, particular at high temperatures. Often used in chromium-nickel austenitic steels, molybdenum protects against pitting corrosion caused by chlorides and sulphur chemicals; 

· Nickel (2-20%): Another alloying element critical to stainless steels, nickel is added at over 8% content to high chromium stainless steel. Nickel increases strength, impact strength and toughness, while also improving resistance to oxidization and corrosion. It also increases toughness at low temperatures when added in small amounts;
· Niobium: Has the benefit of stabilizing carbon by forming hard carbides and, so, is often found in high temperature steels. In small amounts, niobium can significantly increase the yield strength and, to a lesser degree, tensile strength of steels as well as have a moderate precipitation strengthening affect; 

· Nitrogen: Increases the austenitic stability of stainless steels and improves yield strength in such steels; 

· Phosphorus: Phosphorus is often added with sulphur to improve machinability in low alloy steels. It also adds strength and increases corrosion resistance; 

· Selenium: Increases machinability; 

· Silicon (0.2-2.0%): This metalloid improves strength, elasticity, acid resistance and results in larger grain sizes, thereby, leading to greater magnetic permeability. Because silicon is used in a deoxidizing agent in the production of steel, it is almost always found in some percentage in all grades of steel; 

· Sulphur (0.08-0.15%): Added in small amounts, sulphur improves machinability without resulting in hot shortness. With the addition of manganese hot shortness is further reduced due to the fact that manganese sulphide has a higher melting point than iron sulphide; 

· Titanium: Improves both strength and corrosion resistance while limiting austenite grain size. At 0.25-0.60 percent titanium content, carbon combines with the titanium, allowing chromium to remain at grain boundaries and resist oxidization; 

· Tungsten: Produces stable carbides and refines grain size so as to increase hardness, particularly at high temperatures; 

· Vanadium (0.15%): Like titanium and niobium, vanadium can produce stable carbides that increase strength at high temperatures. By promoting a fine grain structure, ductility can be retained; 

· Zirconium (0.1%): Increases strength and limits grains sizes. Strength can be notably increased at very low temperatures (below freezing). Steel's that include zirconium up to about 0.1% content will have smaller grains sizes and resist fracture. 

Text 4
Damascus Steel - Sword Makers of the Islamic Civilization
Ancient Technology and Modern Alchemy

In Sir Walter Scott's book The Talisman, he recreated the scene of October 1192, when Richard Lionheart of England and Saladin the Saracen met to end the Third Crusade (there would be five more after Richard retired to England, depending on how you count your crusades). Scott imagined an arms demonstration between the two men, Richard wielding a good English broadsword and Saladin, a scimitar of Damascus steel, "a curved and narrow blade, which glittered not like the swords of the Franks, but was, on the contrary, of a dull blue colour, marked with ten millions of meandering lines..." This fearsome weapon, at least in Scott's overblown prose, represented the winner in this medieval arms race... or at least a fair match. 

Damascus Steel: Understanding the Alchemy

The legendary sword known as the Damascus steel intimidated the European invaders into the 'Holy Lands' of the Islamic civilization throughout the Crusades (AD 1095-1270). Blacksmiths in Europe attempted to match the steel, using the pattern welding technique of alternating layers of steel and iron, folding and twisting the metal during the forging process. (Pattern welding was a technique used by swordmakers from around the world, including Celts of the 6th century BC, Vikings of the 11th century AD and the 13th century Japanese.) In some cases, the European blacksmiths etched the blade or overlaid the surface of the blade with silver or copper filigree to imitate the characteristic watery lines of the Damascus steel blade. Some scholars credit this search for the Damascus steel process as the origins of modern materials science. But the European blacksmiths never duplicated the solid core Damascus steel, and the secret of its construction was lost even to the Islamic blacksmiths in the mid-18th century. 

Wootz Steel and Saracen Blades

What is known today about "true" or "oriental" Damascus steel is that it was made from a raw material called wootz steel. Wootz was an exceptional grade of iron ore steel first made in southern and south central India and Sri Lanka perhaps as early as 300 BC. Wootz was extracted from raw iron ore and formed using a crucible to melt, burn away impurities and add important ingredients, including a high carbon content (nearly 1.5% by weight---wrought iron typically has carbon content around .1%). 
The high carbon content is the key – and the achilles heel – in the manufacturing process. High carbon content makes the keen edge and its durability possible; but its presence in the mixture is almost impossible to control. Too little carbon and the resulting stuff is wrought iron, too soft for these purposes; too much and you get cast iron, too brittle. If the process doesn't go right, the steel forms plates of cementite, a phase of iron which is hopelessly fragile. Somehow, Islamic metallurgists were able to control for the inherent fragility and forge the raw material into fighting weapons, an ability that somehow was lost in the mid-18th century.
But the problem is: it doesn't really make any sense that blacksmiths would lose such a useful technology. Since the knowledge of the forgers has been lost many researchers have sought it, and in fact this report is based on their findings over the past decade or more. But in a recent article in Nature, a research team led by Peter Paufler at the University of Dresden report that they may have an idea of the mechanics of how the high carbon steel was created and why it disappeared. That idea lies in that most modern of materials sciences: nanotechnology.

The word 'nanotechnology' might seem a little odd to be applied to a technology that is clearly several centuries old. After all, a 'nanometer' is something that means one billionth part of meter, something no one could have measured until very recently. But in this sense, nanotechnology refers to the purposeful (and accidental) inclusion of very very tiny amounts of materials to create chemical reactions at the quantum level. Nanotechnology played a role in the mixing of Maya blue, that amazing color in Maya murals from 8th century America. Stained glass windows from the European Renaissance, colored glasses in Bronze Age Egypt, and violins from the 18th century master Stradivari all benefited from the creative use of tiny amounts of inclusions of foreign matter placed into created objects, creating quantum level qualitative changes in the product. Nanotechnology then is alchemy in its most pure form.
And so, nanotechnology--the inclusion of tiny amounts of foreign matter into a smelted iron product – had a crucial role in the construction of the Damascan blade. But... what were those elements and how did they get in there? The secret alchemy of making a Damascan blade was lost by the middle of the 18th century. European blacksmiths before then, and all those who came before the end of the last century who attempted to make their own blades failed to overcome the problems inherent in a high-carbon content, and could not explain how ancient Syrian blacksmiths achieved the filigreed surface and quality of the finished product. 

Damascan Steel and Electron Microscopy

What the research team led by Paufler has done has been to use current nanotechnology to examine the microstructure of a Damascan blade using a scanning electron microscope. Investigations have determined that there are two pieces involved to this puzzle: both inclusions into the raw ore itself and the forging process completed in the mideast. Known purposeful additions to Wootz steel include the bark of Cassia auriculata (used in tanning) and the leaves of Calotropis gigantea (a milkweed). Spectroscopy has also identified tiny amounts of vanadium, chromium, manganese, cobalt, and nickel, and some rare elements, traces of which presumably came from the mines in India.
These materials were already in the raw steel, but what Paufler and associates also identified in the steel were quantum level changes made in the metal which must have occurred during manufacture. They postulate that during the smith's cyclic heating and forging processes, the metal developed a microstructure called 'carbide nanotubes', extremely hard tubes of carbon that are expressed on the surface and create the blade's hardness. Thus, by blending the unique characteristics of Wootz steel with a forging process that included tiny amounts of specialized materials, the blacksmiths of the Islamic Civilization were able to create the Damascan steel. What happened in the mid-18th century was that the chemical makeup of the raw material altered–the minute quantities of one or more of the minerals disappeared, perhaps because the particular lode was exhausted. Such a difference would not have been apparent to the blacksmith visually; but, interestingly, the blacksmiths may have extended the life of the process by including small pieces of the previous batch in each new batch. 
We modern archaeologists like to say that the elite stuff, the expensive goods that were restricted to the upper classes, really have no interest to us. But cracking the code of how metallurgists made the elite Damascus steel! I vote for that. 

Section B

Non-Ferrous Metals and Alloys

1. Learn the vocabulary:

	scrap
	скрап, лом

	metric ton
	метрична тонна

	to bend
	гнути

	give off sparks
	іскрити

	contaminants
	домішки

	webbing
	ребра жорсткості

	screws
	гвинти, болти, шурупи

	lawn chairs
	крісло-шезлонг

	uncoated
	без покриття

	unalloyed
	нелегований

	encompass
	містити

	lead
	свинець

	tarnished layer
	окисний шар “свинцева зола”

	toxity 
	токсичність

	negative environmental impacts
	негативний зовнішній вплив

	drass
	латунь

	magnetic attraction
	магнітне притягання

	grinding wheel
	шліфувальний круг

	gunmetal
	гарматна бронза


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

How to Identify Nonferrous Metals

Nonferrous metals can be very valuable to the scrap collector, as they are to the metal recycling industry. Such scrap accounts for more than half of total U.S. metal recycling industry earnings, in spite of being only a modest proportion of total scrap metal recovery.

In 2010, U.S. nonferrous scrap recovery included: 4.6 million metric tons of aluminum; 2 million tons of nickel/stainless steel; 1.8 million metric tons of copper; 1.2 million metric tons of lead; 162,000 metric tons of zinc.
With a recovery of 4.6 million metric tons annually in the U.S, more aluminum is recycled than any other nonferrous metals. Aluminum is light and typically easy to bend. It will not give off sparks on a grinding wheel, and is nonmagnetic, unlike similarly colored metals such as steel. Although aluminum comes in various grades, it is difficult to discern between them.

As with any metal, less contamination improves the value, such as disassembling equipment to separate different types of metal, or removing other contaminants such as encasement with concrete or other material. Webbing and screws should be removed from lawn chairs. Look for aluminum scrap in housing and demolition projects, including door and window frames, gutters, siding, and wire. In auto shops, aluminum can be found in transmission casings and pistons.

Copper is the third most widely recycled nonferrous metal. In fact, over 80% of copper ever produced still exists. It is easy to identify because of its distinctive colour, and that it is nonmagnetic. When placed against a grinding wheel, copper will not spark.

There are several grades of scrap copper. The highest value is No. 1 heavy scrap, which is clean, uncoated and unalloyed copper, while the lowest is in the form of copper – aluminum radiators.

Stainless steel is the second most commonly recycled nonferrous metal. It encompasses steel alloys that contains a minimum proportion of chromium. Another metal commonly used as an alloy in stainless steel is nickel. Unlike other nonferrous metals, stainless steel can be magnetic, depending upon nickel content. More nickel reduces the magnetic properties of the stainless steel. Stainless steel will spark in response to a grinding wheel.

Stainless steel is often found on countertops in restaurants of commercial food preparation plants, dairies, beverage plants, and more. In house remodeling, old stainless steel sinks find their way into the recycling stream.

Lead is a soft and heavy metal. It is gray and dull in appearance, but bright when cut through the tarnished layer.

Collectors should be concerned about lead toxicity. Less lead is used today than in the past because of negative environmental impacts. Common sources of scrap lead are vehicle batteries, lugs, and wheel weights. The recovery rate is over 96 percent for battery recycling.

Brass is an alloy of copper and zinc, in addition to small amounts of other metals including manganese, tin, iron or aluminum. The color range of brass includes red, yellow, gold and silver. In terms of magnetic attraction, it can show from nonmagnetic to slightly magnetic. On the grinding wheel it will range between no sparking to short red sparks.

There are many different types of brass. Red brass, also known as gunmetal, is a copper-zinc-tin alloy. 

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

	1. peritectic
	a.  liability of a material to fracture when subjected to stress

	2. impurities
	b. material, usually metasl, that is cast into a shape suitable for further processing 

	3. galvanization
	c. an isothermal reversible reaction in which a liquid phase reacts with a solid phase to produce a single and different solid phase on cooling.

	4. tarnish
	d. degree to which a substance can damage an organism 

	5. gilding metal
	e. process of coating aluminum by anodic treatment resulting in a thin film of aluminum oxide of extreme hardness.

	6. anodizing
	f. surface discoloration on a metal, usually from a thin film of oxide or sulfide 

	7. brittleness
	g. copper alloy, comprising 95% copper and 5% zinc 

	8. toxicity
	h. state in which solid crystalline material is deformed well beyond its usual breaking point, usually over about 200% during tensile deformation 

	9. ingot
	i. process of applying a protective zinc coating to steel or iron, in order to prevent rusting 

	10. superplasticity
	j. substances inside a confined amount of liquid, gas, or solid, which differ from the chemical composition of the material or compound.


4. Match the words making up multi-component terms & translate them
treated / solution / heat

low / contents / zinc

beta / structure / grain

ore /oxide / hydrated / impure

cold / process / rolling 

production / effective / method / cost

facilities / chemical / industrial
5. Complete the text with prepositions if necessary. Translate into Ukrainian analyzing lexical transformations.

Titanium is a white metal, and has the best strength to weight ratio __ the metals. Titanium is very reactive, and because __ this it is often used __ alloying and deoxidizing __ other metals. Titanium is a more powerful deoxidizer __ steel than silicon or manganese. Titanium is 40% lighter than steel and 60% heavier than aluminum. This combination __ high strength and low weight makes titanium a very useful structural metal. Titanium also features __ excellent corrosion resistance, which stems __ a thin oxide surface film which protects it __ atmospheric and ocean conditions as well as a wide variety __ chemicals.
Fabrication

Titanium is rather difficult to fabricate __ its susceptibility to oxygen, nitrogen, and hydrogen impurities which cause the titanium to become more brittle. Elevated temperature processing must be used __ special conditions __ avoid diffusion __ these gasses __ the titanium. Commercially produced titanium products are made __ the following mill wrought forms; plate, tubing, sheet, wire, extrusions, and forgings. Titanium can also be cast __, which must be done __ a vacuum furnace __ titanium's reactive nature.
Applications

__ its high strength to weight ratio, titanium is used __ a variety __ applications, including products where weight is __ importance such as aircraft, sporting equipment, etc.. __ its excellent corrosion resistance, titanium is also used __ chemical processing, desalination, power generation equipment, valve and pump parts, marine hardware, and prosthetic devices.

Grades

Commercially Pure Alloys: There are five grades __ what is known as commercially pure or unalloyed titanium, ASTM Grades 1 through 4, and 7. Each grade has a different amount __ impurity content, with Grade 1 being the most pure. Tensile strengths vary __ 172 MPa __ Grade 1 to 483 MPa __ Grade 4. 

Alpha Alloys: Titanium alpha alloys are alloys that typically contain aluminum and tin, though they can also contain molybdenum, zirconium, nitrogen, vanadium, columbium, tantalum, and silicon. Alpha alloys do not generally respond to heat treatment, but they are weldable and are commonly used __ cryogenic applications, airplane parts, and chemical processing equipment. 

Alpha-Beta Alloys: Alpha-beta alloys can be strengthened by heat treatment and aging, and therefore can undergo __ manufacturing while the material is still ductile, then undergo heat treatment to strengthen the material, which is a big advantage. The alloys are used __ aircraft and aircraft turbine parts, chemical processing equipment, marine hardware, and prosthetic devices. 

Beta Alloys: The smallest group of titanium alloys, beta alloys have good hardenability, good cold formability when they are solution-treated, and high strength when they are aged __. Beta alloys are slightly more dense than other titanium alloys, having densities ranging __ 4840 to 5060 kg/m3. They are the least creep resistant alloys, they are weldable, and can have yield strengths __ to 1345 MPa. They are used __ heavier duty purposes __ aircraft.

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

Copper is one of the most __ (use) metals known to man, and it was one of the first to be __ (utilization). Copper is a __(red)-yellow material and is __(extreme) ductile. Copper has a face-centered-cubic (fcc) crystal structure and has the second best electrical __ (to conduct) of the metals, second only to silver __ (to compare) to which it has a conductivity of 97%. The thermal conductivity of copper is very high __ (to fall) in between silver and gold. There are almost 400 different copper alloys __ (to depend) on the commercial product made; rods, plates, sheets, strips, tubes, pipes, extrusions, foils, forgings, wires, and __ (to cast) from foundries.

Cast Copper Alloys
Cast copper alloys __ (general) have a great range of __ (alloy) elements than wrought alloys because of the nature of the casting process. The cast brasses consist of of copper-zinc-tin alloys (red, semi-red, and yellow). The cast bronzes consist of manganese bronzes (high-strength yellow brasses), leaded manganese bronze alloys ( __ (lead) high-strength yellow brasses), and copper-zinc-silicon alloys (silicon brasses and bronzes). There are four main families in the cast bronze alloys; copper-tin-lead, copper-tin-nickel, copper-tin, and copper-aluminum alloys.
Wrought Copper Alloys

Wrought alloys __ (to produce) in a variety of different methods, __ (to include) __ (to anneal), cold __ (work), __ (hard) by heat __ (to treat), or stress relieved. There are four main families of wrought copper (see table above); copper and high-copper alloys, brasses, bronzes, and copper nickel & nickel-silver alloys.

7. Read the text and find English equivalents to the following Ukrainian words and word-combinations:
валентність, температури нижче нуля, корозійна плівка, луга, кородувати, ослаблюватися, іскріння, прокочувати, штампувати, протягати, деформувати крученням, гнути, кувати, есктрудувати, фрезерувати, свердлити, клепати, зварювати, паяти, полімеризувати в смолі, анодувати /покривати оксидною плівкою, в’яжучий засіб, кріоліт, придатний метод, польовий шпат, питома теплоємкість, теплота плавлення, температура Дебая, електронегативність за Полінгом, ступінь окислення, парамагнетик.
Aluminum or Aluminium
Aluminum is a silverish white metal that has a strong resistance to corrosion and like gold, is rather malleable. It is a relatively light metal compared to metals such as steel, nickel, brass, and copper with a specific gravity of 2.7. Aluminum is easily machinable and can have a wide variety of surface finishes. It also has good electrical and thermal conductivities and is highly reflective to heat and light.
Atomic Number: 13

Symbol: Al

Atomic Weight: 26.981539

Discovery: Hans Christian Oersted (1825, Denmark), Wohler (1827)

Electron Configuration: [Ne] 3s2 3p1

Word Origin: Latin alumen: alum, an astringent and dyeing mordant

Note on Naming: Sir Humphry Davy proposed the name aluminum for the metal, however, the name aluminium was adopted to conform with the "ium" ending of most elements. This spelling is in use in most countries. Aluminium was also the spelling in the U.S. until 1925, when the American Chemical Society officially decided to use the name aluminum instead.

Properties: Aluminum has a melting point of 660.37°C, boiling point of 2467°C, specific gravity of 2.6989 (20°C), and valence of 3. Pure aluminum is a silvery-white metal. It is soft, light, relatively nontoxic, with a high thermal conductivity, and high corrosion resistance. It can be easily formed, machined, or cast. Aluminum is nonmagnetic and nonsparking. It is second among metals in terms of malleability and sixth in ductility. Aluminum coatings are highly reflective of both visible and radiant heat. The coatings form a thin layer of protective oxide and do not deteriorate like silver coatings.

Characteristics
At extremely high temperatures (200-250°C) aluminum alloys tend to lose some of their strength. However, at subzero temperatures, their strength increases while retaining their ductility, making aluminum an extremely useful low-temperature alloy. 

Aluminum alloys have a strong resistance to corrosion which is a result of an oxide skin that forms as a result of reactions with the atmosphere. This corrosive skin protects aluminum from most chemicals, weathering conditions, and even many acids, however alkaline substances are known to penetrate the protective skin and corrode the metal. 

Aluminum also has a rather high electrical conductivity, making it useful as a conductor. Copper is the more widely used conductor, having a conductivity of approximately 161% that of aluminum. Aluminum connectors have a tendency to become loosened after repeated usage leading to arcing and fire, which requires extra precaution and special design when using aluminum wiring in buildings. 

Aluminum is a very versatile metal and can be cast in any form known. It can be rolled, stamped, drawn, spun, roll-formed, hammered and forged. The metal can be extruded into a variety of shapes, and can be turned, milled, and bored in the machining process. Aluminum can riveted, welded, brazed, or resin bonded. For most applications, aluminum needs no protective coating as it can be finished to look good, however it is often anodized to improve color and strength. 

Uses: Ancient Greeks and Romans used alum as an astringent, for medicinal purposes, and as a mordant in dyeing. It is used in kitchen utensils, exterior decorations, and thousands of industrial applications. Although the electrical conductivity of aluminum is only about 60% that of copper per area of cross section, aluminum is used in electrical transmission lines because of its light weight. The alloys of aluminum are used in the construction of aircraft and rockets. Reflective aluminum coatings are used for telescope mirrors, making decorative paper, packaging, and many other uses. Alumina is used in glassmaking and refractories. Synthetic ruby and sapphire have applications in producing coherent light for lasers.

Sources: Aluminum is the most abundant metal in the Earth's crust (8.1%), although it is not found free in nature. In 1886, Hall in the United States and Heroult in France discovered how to obtain aluminum metal from electrolysis of alumina dissolved in cryolite. Cryolite is an aluminum ore, although it is has been replaced for commercial aluminum purification by an artificial mixture of sodium, aluminum, and calcium fluorides. The Bayer process is commonly used to refine the impure hydrated oxide ore, bauxite, for use in the Hall-Heroult refining process. Aluminum also can be produced from clay, although this is not the most economically feasible method at present. In addition to cryolite and bauxite, aluminum is found in feldspars, granite, and many other common minerals. The oxide, alumina, occurs naturally as ruby, sapphire, emery, and corundum.

Element Classification: Metal

Density (g/cc): 2.6989

Appearance: soft, lightweight, silvery-white metal

Isotopes: Aluminum has 23 known isotopes ranging from Al-21 to Al-43. Al-27 is the only stable isotope of aluminum. Al-26 is nearly stable with a half-life of 7.2 x 105 years.

Atomic Radius (pm): 143

Atomic Volume (cc/mol): 10.0

Covalent Radius (pm): 118

Ionic Radius: 51 (+3e)

Specific Heat (@20°C J/g mol): 0.900

Fusion Heat (kJ/mol): 10.75

Evaporation Heat (kJ/mol): 284.1

Debye Temperature (K): 394.00

Pauling Negativity Number: 1.61

First Ionizing Energy (kJ/mol): 577.2

Oxidation States: 3

Lattice Structure: Face-Centered Cubic

Lattice Constant (Å): 4.050

CAS Registry Number: 7429-90-5

Aluminum Trivia:
· Aluminum was once called the "Metal of Kings" because pure aluminum was more expensive to produce than gold until the Hall-Heroult process was discovered. 

· The primary source of aluminum is the ore bauxite. 

· Aluminum is paramagnetic. 

· The IUPAC adopted the name aluminium in 1990 and in 1993 recognized aluminum as an acceptable option for the element's name. 

References: Los Alamos National Laboratory (2001), Crescent Chemical Company (2001), Lange's Handbook of Chemistry (1952) International Atomic Energy Agency ENSDF database (Oct 2010)

8. Translate into English

Кольорові метали. До кольорових відносять усі метали, за винятком заліза та його сплавів. Серед кольорових металів найбільш розповсюдженими є мідь, нікель, олово, свинець, цинк, алюміній, магній. 
Мідь – пластичний і в'язкий метал, завдяки чому він легко обробляється тиском як у нагрітому, так і в холодному стані. 
Чисту мідь іноді називають червоною за її характерним червонуватим кольором. Найбільш цінними властивостями міді є високі електро- й теплопровідність, значна стійкість проти окислювання на повітрі. 
Із міді методом гарячої прокатки, пресуванням й холодною витяжкою виготовляють дріт, листи, труби, дріт. Для відливання мідь застосовують рідко через її погані ливарні властивості. 
Алюміній у чистому вигляді м’який і неміцний, оскільки як конструкційний матеріал майже не застосовується, але має високу пластичність і добре піддається прокатці, волочінню та штампуванню як у гарячому, так і в холодному стані. Алюміній є стійким проти корозії на повітрі й витримує дію багатьох органічних кислот. Тому він використовується для виготовлення тари, алюмінієвих цистерн для транспортування концентрованої азотної кислоти. Завдяки високій електропровідності, алюміній широко застосовують для виготовлення електропроводів. 
Цинк являє собою блакитнувато-білий метал з великими кристалами: він крихкий і маломіцний, але має корозійну стійкість на повітрі. Основне призначення цинку – антикорозійне покриття металів. Цинк застосовують як компонент шихти для бронзових сплавів, для оцинковування, гальванічних батарей, виготовлення антисептиків і білила. 
Свинець відрізняється високою хімічною стійкістю в атмосфері та кислотах. Свинець має синювато-сірий колір, він м’який і тягучий, плавиться за 327°C. Свинець використовують здебільшого для бронзового і бабітового лиття.  

Олово – м’який метал сріблисто-білого кольору з міцністю 6 кг/мм. Найбільш цінна властивість олова – висока корозійна стійкість. Використовують для збереження металів від окислювання. Значну частину олова витрачають для виготовлення сплавів і припоїв. З олова виготовляють фольгу високої якості. 
Нікель – білий блискучий метал, міцний, в’язкий і ковкий, має високу корозійну стійкість, застосовується як антикорозійне покриття. На основі нікелю виготовляються багато промислових сплавів, наприклад, константан, мельхіор, платиніт та ін. Нікель додають до бронзи і бабіту для поліпшення їхніх властивостей. Він є однією з найпоширеніших домішок в легованих сталях. 
Магній – легкий білий метал з низькими механічними властивостями, сильно кородує на повітрі й окисляються під час нагрівання. Чистий магній як конструкційний метал не використовується. Застосовується в сплавах на його основі і як модифікатор для одержання кулястого графіту в чавуні, а також як добавка до бабітів для поліпшення їхніх властивостей.

Text 1

Magnesium is a silvery-white metal that is principally used as an alloy element for aluminum, lead, zinc, and other nonferrous alloys. Magnesium is among the lightest of all the metals, and also the sixth most abundant on earth. Magnesium is ductile and the most machinable of all the metals. Magnesium has a protective film to protect against corrosion, however it is easily corroded by chlorides, sulfates, and other chemicals, therefore magnesium is often anodized to improve its corrosion resistance.
Applications

Due to its light weight, superior machinability and ease of casting, magnesium is used for many purposes such as auto parts, power tools, sporting goods, aerospace equipment, fixtures, and material handling equipment. Automotive applications include gearboxes, valve covers, wheels, clutch housings, and brake pedal brackets. Wrought alloys are available in rod, bar, sheet, plate, forgings, and extrusions.

Designations
Magnesium alloys use a system of identification developed by ASTM and SAE in which the the first part of the designation is the two principal alloying elements, and the second part indicates their percentages.

Magnesium alloys designations are 2 letters representing the alloy elements, and 2 numbers indicating composition percent in round numbers, followed by a dash and a letter and a number indicating the temper.

Designation
Alloying Elements:    A:  Aluminum 

E:  Rare Earths H:  Thorium K:  Zirconium M:  Manganese Q:  Silver S:  Silicon T:  Tin Z:  Zinc   Temper Designation:
  F:  Fabricated O:  Annealed H10, H11:  Strain hardened H23, H24, H26:  Strain hardened and annealed T4:  Solution heat treated T5:  Artificially aged T6:  Solution heat treated and artificially aged T8:  Solution heat treated, cold worked, and artificially aged

Text 2

The London Metal Exchange 
With 130 years of history and over US$ 11 trillion of metal contracts traded in 2010, the London Metal Exchange (LME) is the oldest and largest market for non-ferrous metals.

Metals Traded: Aluminium; Aluminium alloy; NASAAC (North American Special Aluminium Alloy Contract); Copper; Lead; Zinc; Nickel; Tin; Cobalt; Molybdenum; Steel (billets).
History
The founding of the LME dates back to 1877 when metal traders, buying ores from as far away as Chile and Malaya to service British industry, formed the London Metals and Mining Company and began operations in a former hat shop in London's Lombard Court. The Exchange moved into its current location on Leadenhall Street in 1994.

Evolving with the demand for industrial and base metals, the products traded on the LME have changed over time. While copper and tin have traded on the LME since the beginning, the grade of copper contract was upgraded twice during the 1980s. Tin's present contract began trading in 1989, following a stoppage caused by the collapse of the International Tin Council. Lead and zinc officially began trading in 1920 and although the lead contract has remained virtually unchanged, zinc has required upgrades. Primary aluminium (aluminum) was introduced in 1978 and was upgraded to the current high-grade contract in 1987. Nickel began trading on the LME in 1979 and aluminum alloy in 1992.

Increasing interest in base metals from the financial community led to the development of an index contract, the LMEX, which was introduced in 2000 and has a weighted value based on the six primary metals traded on the exchange. Smaller, cash-settled futures contracts, referred to as LMEminis, were introduced for copper, aluminium and zinc in December 2006.

In 2008, the LME's first ferrous contracts were offered for steel billet, and, most recently, the first minor metal contracts were launched for cobalt and molybdenum in 2010.

Services
Contracts and Trading

The only organizations permitted to trade LME contracts are its member firms. LME members include public and private companies, as well as brokers that provide the industry with access to the market and its products through LME certified contracts.

Transparent Pricing and Price Realization
Although contracts are negotiated around the world, the 'ring' at the LME is central point for price determination. Traders in the ring use what's known as an 'open-outcry' method (essentially shouting and hand-signals) to determine the price for each contract during 5 minutes bouts each day. The Exchange publishes daily prices, which are used by the physical industry around the world in price negotiations and contracts.

Risk Management Tools

LME contracts, as well as numerous variations and services provided by LME members, provide both buyers and sellers the opportunity to 'hedge' their price risk, gaining protection from future adverse price movements.

Warehousing and Delivery
Although less than 1% of contracts are settled with physical delivery of goods, all LME contracts are backed by physical metals, allowing those in the industry to sell excess stock in times of over supply and source material in times of shortage. In order for this system to function efficiently, the LME has arranged a system for storing and delivering metals. The LME approves and licenses a network of warehouses and storage facilities around the world. Warehouse companies must meet specific criteria before being approved to handle LME branded metals.

Branding
These physical metals that back LME contracts must be LME-registered brands and manufactured by LME-registered producers. More than 450 brands of material from over 60 countries are approved as 'good delivery' against LME contracts. Branded metals must meet the quality, shape and weight requirements defined by the LME contract rules.

Regulation
The LME not only provides an environment for trading, but also has a legal requirement to ensure that business on its markets is done in an orderly manner, thereby, providing protection to investors. The Exchange comes under the direct jurisdiction of the UK Financial Services Authority (FSA) and all members must have a registered office in the EU.

Arbitration
The LME provides an arbitration process in case of disputes. The private dispute resolution system is designed to settle disputes "fairly, expertly and economically, without having to resort to action in the UK or other courts."

Contracts
All LME contracts are traded in lots that range in size from 1 to 65 metric tonnes depending on the type of metal. Contracts are priced in US dollars, but the LME publishes official exchange rates for contracts settled in pound sterling, Japanese yen and Euros. 

Contracts types: Futures; Options; Traded Average Price Options (TAPOs); Swaps (beginning January 2012).
Text 3

The Benefits of Aluminum Recycling: Why Recycle Aluminum? 
Aluminum Recycling Saves Energy and Enhances Community Life

If it is even remotely possible that any man-made item on Earth is more ubiquitous than plastic bags, it would have to be aluminum cans. But unlike plastic bags, which endanger marine life and trash the planet, aluminum cans are actually good for the environment. At least, they are if people like you and me take the time to recycle them.

So why recycle aluminum? Well, as a starting point for answering that question, how about this: Aluminum recycling provides many environmental, economic and community benefits; it saves energy, time, money and precious natural resources; and it generates jobs and helps to pay for community services that make life better for millions of people.

But let's get down to specifics.

How serious is the problem?

More than 100 billion aluminum cans are sold in the United States each year, but less than half are recycled. A similar number of aluminum cans in other countries are also incinerated or sent to landfills.

That adds up to about 1.5 million tons of wasted aluminum cans worldwide every year. All of those trashed cans have to be replaced with new cans made entirely from virgin materials, which wastes energy and causes extensive environmental damage.

How does failing to recycle aluminum harm the environment?

Globally, the aluminum industry annually emits millions of tons of greenhouse gases such as carbon dioxide, which contributes to global warning. Although aluminum cans represent only 1.4 percent of a ton of garbage by weight, according to the Container Recycling Institute, they account for 14.1 percent of the greenhouse gas impacts associated with replacing an average ton of garbage with new products made from virgin materials.

Aluminum smelting also produces sulfur oxide and nitrogen oxide, two toxic gases that are key elements in smog and acid rain.

In addition, every ton of new aluminum cans that must be produced to replace cans that were not recycled requires five tons of bauxite ore, which must be strip-mined, crushed, washed and refined into alumina before it is smelted. That process creates about five tons of caustic mud that can contaminate both surface water and groundwater and, in turn, damage the health of people and animals.

How many times can the same piece of aluminum be recycled?

There is no limit to how many times aluminum can be recycled. That's why recycling aluminum is such a boon for the environment. Aluminum is considered a sustainable metal, which means it can be recycled again and again with no loss of material.

And it has never been cheaper, faster or more energy efficient to recycle aluminum than it is today.

Aluminum cans are 100-percent recyclable, making them the most recyclable of all materials. The aluminum can you toss into your recycling bin today will be completely recycled and back on the store shelf in just 60 days.

How much energy can people save by recycling aluminum?

Recycling aluminum saves 90-95 percent of the energy needed to make aluminum from bauxite ore. It doesn't matter if you're making aluminum cans, roof gutters or cookware, it is simply much more energy-efficient to recycle existing aluminum to create the aluminum needed for new products than it is to make aluminum from virgin natural resources.

So how much energy are we talking about here? Recycling one pound of aluminum (33 cans) saves about 7 kilowatt-hours (kWh) of electricity. With the energy it takes to make just one new aluminum can from bauxite ore, you can make 20 recycled aluminum cans.

Putting the energy question into even more down-to-earth terms, the energy saved by recycling one aluminum can is enough to power a television set for three hours.

How much energy is wasted when aluminum is sent to the landfill?

The opposite of saving energy is wasting it. Toss an aluminum can into the trash instead of recycling it, and the energy required to replace that discarded resource with new aluminum from bauxite ore is enough to keep a 100-watt incandescent light bulb burning for five hours or to power the average laptop computer for 11 hours, according to the Container Recycling Institute.

If you consider how far that energy could go in powering compact-fluorescent (CFL) or light-emitting diode (LED) bulbs, or the new energy-efficient laptops, the costs really start to mount up.

All in all, the energy it takes to replace all of the aluminum cans wasted every year in the United States alone is equivalent to 16 million barrels of oil, enough to keep a million cars on the road for a year. If all those discarded cans were recycled every year, the electricity saved could power 1.3 million American homes.

Globally, about 23 billion kWh are squandered every year, just as a result of trashing or incinerating aluminum cans. The aluminum industry uses almost 300 billion kWh of electricity annually, about 3 percent of the world's total electricity consumption.

How much aluminum is recycled every year?
A little less than half of all aluminum cans sold each year-in the United States and worldwide-are recycled and turned into new aluminum cans and other products.

How much aluminum is thrown away and never recycled?

We may be recycling more aluminum every year, but things could still be a lot better. According to the Environmental Defense Fund, Americans throw away so much aluminum that every three months we could collect enough scrap to rebuild the entire U.S. commercial airplane fleet from the ground up. That's a lot of wasted aluminum.

Globally, more than half of all the aluminum cans produced and sold every year are thrown away and never recycled, which means they have to be replaced by new cans made from virgin materials.

How does aluminum recycling help local communities?
Every year, the aluminum industry pays out close to a billion dollars for recycled aluminum cans-money that can go to support organizations such as Habitat for Humanity and the Boys & Girls Clubs of America as well as local schools and churches that sponsor can drives or ongoing aluminum recycling programs.

What can be done to increase aluminum recycling?
One simple and effective way to increase aluminum recycling is for governments to require consumers to pay a refundable deposit on all beverage containers sold in their jurisdictions. U.S. states that have container deposit laws (or "bottle bills") recycle between 75 percent and 95 percent of all aluminum cans sold. States without deposit laws only recycle about 35 percent of their aluminum cans.

Text 4

What is brass?

Brass is a binary alloy composed of copper and zinc that has been produced for millennia and is valued for its workability, hardness, corrosion resistance and attractive appearance.

Properties:
· Alloy Type: Binary

· Content: Copper & Zinc

· Density: 8.3-8.7 g/cm3
· Melting Point: 1652-1724 °F (900-940 °C)

· Moh's Hardness: 3-4

Characteristics
The exact properties of different brasses depend on the composition of the brass alloy, particularly the copper-zinc ratio.

In general, however, all brasses are valued for their machinability, or the ease with which the metal can be formed into desired shapes and forms while retaining high strength.

While there are differences between brasses with high and low zinc contents, all brasses are considered malleable and ductile (low zinc brasses more so).  Due to its low melting point, brass relatively easily cast, however, in this case, a high zinc content is usually preferred.

Brasses with a lower zinc content can be easily cold worked, welded and brazed. A high copper content also allows the metal to form a protective oxide layer (patina) on its surface that guards against further corrosion, a valuable property in applications that expose the metal to moisture and weathering.

The metal has both good heat and electrical conductivity (it's electrical conductivity can from 23% to 44% that of pure copper), and it is wear and spark resistant.

Like copper, its bacteriostatic properties have resulted in its use in bathroom fixtures and healthcare facilities.

Brass is considered a low friction and non-magnetic alloy, while its acoustic properties have resulted in its use in many 'brass band' musical instruments.

Artists and architects value the metal's aesthetic properties, as it can be produced in a range of colors, from deep red to golden yellow.

History
Copper-zinc alloys were produced as early the 5th century BC in China and were widely used in central Asia by the 2nd and 3rd century BC.

These decorative metal pieces, however, can be best referred to as 'natural alloys', as there is no evidence that their producers consciously alloyed copper and zinc. Instead, it is likely that the alloys were smelted from zinc-rich copper ores, producing crude brass-like metals.

Greek and Roman documents suggest that the intentional production of alloys similar to modern brass, using copper and a zinc oxide rich ore known as calamine, occurred around the 1st century BC.

Calamine brass was produced using a cementation process, whereby copper was melted in a crucible with ground smithsonite (or calamine) ore. At high temperatures, zinc present in such ore turns to vapor and permeates the copper, thereby producing a relatively pure brass with 17-30% zinc content. This method of brass production was used for nearly 2000 years until the early 19th century.

Not long after the Romans had discovered how to produce brass, the alloy was being used for coinage in areas of modern day Turkey. This soon spread throughout the Roman Empire.

Types

'Brass' is a generic term that refers to a wide range of copper-zinc alloys. In fact, there are over 60 different types of brass specified by EN (European Norm) Standards. These alloys can have a wide range of different compositions depending upon the properties required for a particular application.

Brasses can also be classified in a variety of ways, including by their mechanical properties, crystal structure, zinc content and color.

The most essential distinction, however, is made by their crystal structures. This is because the combination of copper and zinc is characterized by peritectic solidification, an academic way of saying that the two elements have dissimilar atomic structures, making them combine in unique ways depending upon content ratios and temperatures.

Three different types of crystal structure can form as a result of these factors:

a) Alpha Brasses: Alpha brasses contain less than 37% zinc melted into copper and are named for their formation of a homogenous (alpha) crystal structure. Such brasses are softer than their counterparts and, therefore, more easily cold worked, welded and brazed.

b) Alpha-Beta Brasses: Alpha-beta brasses contain between 37-45% zinc and are made-up of both the alpha grain structure, as well as a beta grain structure that is more similar to that of pure zinc. More common than alpha brass, alpha-beta brass is both harder and stronger and, consequently, is usually hot worked by extrusion or stamping and die-casting.

c) Beta Brasses: Although much more rarely used than alpha or alpha-beta brasses, beta brasses make-up a third group of the alloy that contain greater than 45% zinc content. Such brasses form a beta structure crystal and are harder and stronger than both alpha and alpha-beta brasses. As such, they can only be hot worked or cast.

In contrast to crystal structure categorization, identifying brass alloys by their properties allows us to consider the affect of alloying metals on brass. Common categories include:

· Free machining brass (3% lead);
· High tensile brasses (aluminum, manganese and iron inclusions);
· Naval brasses (~1% tin);
· Dezincification resistant brasses (arsenic inclusion);
· Brasses for cold working (70/30 brass);
· Casting brasses (60/40 brass).
The terms 'yellow brass' and 'red brass' - often heard in the US – are also used to identify certain types of brasses. Red brass refers to a high copper (85%) alloy that contains tin (Cu-Zn-Sn), which is also known as gunmetal (C23000), while yellow brass is used to refer to a brass alloy with a higher zinc content (33% zinc), thereby making the brass appear a golden yellow color.

Production
Brass is most often produced from copper scrap and zinc ingots. Scrap copper is selected based on its impurities, as certain additional elements are desired in order to produce the exact grade of brass required.

Because zinc begins to boil and vaporize at 1665°F (907°C), below copper's melting point 1981° F (1083°C), the copper must first be melted. Once melted, zinc is added at a ratio appropriate for the grade of brass being produced. While some allowance is still made for zinc loss to vaporization.

At this point, any other additional metals, such as lead, aluminum, silicon or arsenic, are added to the mixture to create the desired alloy.

Once the molten alloy is ready, it is poured into molds where it solidifies into large slabs or billets

Billets - most often of alpha-beta brass - can directly be processed into wires, pipes and tubes via hot extrusion, which involves pushing the heated metal through a die, or hot forging.

If not extruded or forged, the billets are then reheated and fed through steel rollers (a process known as hot rolling). The result is slabs with a thickness of less than half an inch (<13mm).

After cooling, the brass is then fed through a milling machine, or scalper, that cuts a thin layer from the metal in order to remove surface casting defects and oxide.

Under a gas atmosphere to prevent oxidization, the alloy is heated and rolled again, a process known as annealing, before it is rolled again at cooler temperatures (cold rolling) to sheets of about 0.1" (2.5mm) thick.

The cold rolling process deforms the internal grain structure of the brass, resulting in a much stronger and harder metal. This step can be repeated until the desired thickness or hardness is achieved.

Finally, the sheets are sawed and sheared to produce the width and length required.

All sheets, cast, forged and extruded brass materials are given a chemical bath, usually used hydrochloric and sulfuric acid to remove black copper oxide scale and tarnish.

Applications
Brass's valuable properties and relative ease of production has made it one of the mostly widely used alloys. While compiling a complete list of all of brass's applications would be a colossal task, we can get an idea of the breadth of industries and the types of products in which brass is found by categorizing and summarizing some end-uses based on the grade of brass used:

Free cutting brass (e.g. C38500 or 60/40 brass): Nuts, bolts, threaded parts; Terminals; Jets; Taps; Injectors; Valve bodies; Balance weights; Pipe/water fittings; Boreoscope chassis.
Gilding Metal (e.g. Red brass or C22000): Architectural fascias; Grillwork; Jewelry; Ornamental trim; Badges; Door handles; Marine hardware; Munitions; Primer caps; Pen, pencil and lipstick tubes; Cable glands.
Engraving Brass (e.g. C35600 or C37000): Engraved name plates and plaques; Appliance trim; Clock components; Builders hardware; Gear meters.
Arsenical brass (e.g. C26000, C26130 or 70/30 brass):Heat exchangers; Drawn and spun containers; Radiator cores, tubes and tanks; Electrical terminals; Plugs and lamp fittings; Locks; Plumbing hardware; Cartridge casings.
High tensile brass: Marine condenser tubes; Marine engines; Hydraulic equipment fittings; Locomotive axle boxes; Pump casting; Heavy rolling mill housing nuts; Heavy load wheels; Valve guides; Bushes bearings; Swash plates; Battery clamps.
Other: Seawater piping (aluminum brass); Marine hardware and pump shafts (Naval brass); Condensor plates (Naval brass); Gas valves; Switchgear; Door lock components; Rope guides; Yacht fittings; Spinners on classic cars; Gearbox components; Springs; Lamp caps; Faucets and domestic hardware; Contacts, connectors, pins and terminals; Wind instruments (e.g. saxophones, trumpets and horns); Tableware.
Text 5

What is titanium?

Titanium is a strong and lightweight refractory metal. Alloys of titanium are critical to the aerospace industry but, due to their numerous unique properties, are also used in medical, chemical and military applications, as well as in sporting goods.

Properties:
· Atomic Symbol: Ti;
· Atomic Number: 22;
· Element Category: Transition Metal;
· Density: 4.506/cm3;
· Melting Point: 3034°F (1668°C);
· Boiling Point: 5949°F (3287°C);
· Moh's Hardness: 6.
Characteristics
Alloys containing titanium are known for their high strength, light weight and exceptional corrosion resistance.

Despite being as strong as steel, titanium is about 40% lighter in weight, which, along with its resistance to cavitation and erosion, makes it an essential structural metal for aerospace engineers.

Titanium is also formidable in its resistance to corrosion by both water and chemical media. It does this by forming a thin layer of titanium dioxide (TiO2) on its surface that is extremely difficult for these materials to penetrate.

Having a low modulus of elasticity means that titanium is not also very flexible, but returns to its original shape after bending, resulting in its importance to shape memory alloys.

Titanium is non-magnetic and biocompatible (non-toxic, non-allergenic), which has led to its increasing use in the medical field.

History
The use of titanium metal, in any form, only really developed after World War II. In fact, titanium was not isolated as a metal until the American chemist Matthew Hunter produced it by reducing titanium tetrachloride (TiCl4) with sodium in 1910; A method now known as the Hunter process.

Commercial production, however, did not come until after William Justin Kroll showed that titanium could also be reduced from chloride using magnesium in the 1930s. The Kroll process remains the most important commercial production method to this day.

After a cost-effective production method was developed, titanium's first major use was in military aircraft. Both Soviet and American military aircraft and submarines (e.g. Soviet Alfa and Mike Class submarines and the USAF F100 Super Sabre and Lockheed A-12) designed in the 1950s and 1960s began making use of titanium alloys. By the early 1960s, titanium alloys started to be used by commercial aircraft manufacturers as well.

The medical field, particularly dental implants and prosthetics, awoke to titanium's usefulness after Swedish doctor Per-Ingvar Brånemark's studies dating back to the 1950s showed that titanium triggers no negative immune response in humans, allowing the metal to integrate into our bodies in a process he termed osseointegration.

Production
Although titanium is the fourth most common metal elements in the earth's crust (behind aluminum, iron and magnesium), production of titanium metal is extremely sensitive to contamination, particularly by oxygen, which accounts for its relatively recent development and high cost.

The main ores used in the primary production of titanium are ilmenite, which accounts for about 90% of production, and rutile, which accounts for the remaining 10%. About 6.3 million tonnes of titanium mineral concentrate was produced in 2010, although only a small fraction (about 5%) of titanium concentrate produced each year ultimately ends-up in titanium metal. Instead, most is used in the production of titanium dioxide (TiO2), a whitening pigment used in paints, foods, medicines and cosmetics.

In the first step of the Kroll process, titanium ore is crushed and heated with coking coal in a chlorine atmosphere to produce titanium tetrachloride (TiCl4). The chloride is then captured and sent through a condenser, which produces a titanium chloride liquid that is more 99% pure.

The titanium tetrachloride is then sent directly into vessels containing molten magnesium. In order to avoid oxygen contamination, this is made inert through the addition of argon gas.

During the consequent distillation process, which can take a number of days, the vessel is heated to 1832°F (1000°C). The magnesium reacts with the titanium chloride, stripping the chloride and producing elemental titanium and magnesium chloride.

The fibrous titanium that is produced as a result is referred to as titanium sponge. To produce titanium alloys and high purity titanium ingots, titanium sponge can be melted with various alloying elements using electron beam, plasma arc or vacuum-arc melting.

In the hope of reducing titanium's extraction costs, electrolytic and other processes for producing titanium metal continue to be actively researched.

Due to its strategic nature, statistics on titanium metal production can be difficult to come-by. However, it is estimated that total world titanium sponge production was about 150,000 tonnes in 2010. The largest producing countries are China, Japan, Russia, Kazakhstan and the United States. Large titanium sponge producers include VSMPO (Russia), Titanium Metals Corp. (USA), RTI Intl. (USA), Fushun Jinming Titanium Industry (China), Luoyang Sunrui Wayi Titanium Co. (China) and Osaka Titanium Technology Co. (Japan).

Applications
Titanium metal alloys are primarily used in the following industries: Aerospace; Military; Medical; Chemical; Sporting goods.
Over the past few decades, aircraft manufacturers have increasingly turned to titanium as a key structural component. From its first uses in the early 1960s, the average titanium content in Boeing's commercial airlines has increased from about 2% of bodyweight to approximately 15%.

Airplane frames and bodies, as well as wing access panels, landing gear, brackets and many frame components rely on the strength and lightweight of titanium alloys.

The ability of some titanium alloys to operate at temperatures greater than 1112°F (600°C) makes them ideal for jet engine casings, compressor discs and blades, where high temperature stress would fatigue and crack most metal alloys.

With higher technical requirements and a greater cost, military aircraft generally contain even more titanium alloy components than commercial aircraft. A single B2 stealth bomber is constructed using more than 91 tonnes of titanium alloy, while 25% of Tornado class fighter jets is comprised of titanium alloys.

Helicopter rotor heads, blade attachments and, in military models, weapon carriers, all make use of titanium. Other military applications include mortar bases as well as body and vehicle armor.

Titanium metal's excellent corrosion resistance, particularly to gases, has led to its use in industrial chemical facilities, including petrochemical and papermaking plants, as well as those making acetic and benzoic acids.

Titanium-containing alloys are also more resistant to salt water corrosion than regular stainless steels, resulting in their use in desalination plants, submarine hulls and ship propellers, as well as in piping and drilling tools for offshore rigs.

The human body's acceptance of titanium, as mentioned, resulted in the first titanium dental implants in the 1950s. Now, alloys of the metal are used in artificial hips, dental implants, stents (braces to strengthen blood vessels) and various other prosthetic body parts.

High performance automotive engines also make use of titanium's ability to withstand high temperatures. Alloys are used to form connecting rods, crankshafts and camshafts. Other automotive uses include suspension springs and exhaust systems.

Sporting equipment and manufacturers often turn to titanium alloys because of their high strength to weight ratio. Most often, these alloys are used in golf clubs and bicycle frames.

Other uses for titanium alloys include: Architectural; Storage of radioactive waste (crystalline silicate); Eyeglass frames (shape memory alloys); Chlor-alkali processing; Cryogenic equipment; Logging equipment; Electrochemical anodes; Flue gas desulphurisation; Geothermal plant; Heat exchangers; Jewellery manufacture; Metal extraction equipment; Metal matrix composites (e.g. titanium carbide, TiC); Offshore piping systems; Springs; Steam turbines; Ultracentrifuges; Wet air oxidation.
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Lead: The Useful Toxin
Lead has been a part of human civilization for thousands of years, but it's been a mixed blessing – exposure to high levels of the metal can cause a raft of health problems. And if you think that safety regulations are protecting you and your family from lead poisoning, think again.

Basic Facts About Lead

Lead is a metallic element that's found all over the world, on every continent, and is usually mined as an ore with zinc, copper, silver or other heavy metals. Because lead has a relatively low melting point, it could be separated from ore by even the most primitive societies: Archaeologists believe lead has been in use since around 6500 B.C.

Lead also is a relatively soft, heavy metal that can be hammered into pots, jewelry, cookware, plumbing and other implements. In fact, the word "plumbing" has its roots in the Latin name for lead, "plumbum." This is also the source of lead's symbol on the periodic table of elements: Pb.

But its usefulness in plumbing and cookware has a dark side: Lead poisoning. Wine fermented or stored in lead containers, and food cooked in lead pots, contain dangerously high levels of the element. Though it was once believed the use of lead pipes contributed to the downfall of the Roman Empire, that theory is now largely disproved. Lead poisoning was, however, not uncommon in the ancient world, and it's distressingly common even today. 

The Industrial Revolution contributed to an enormous jump in the mining, smelting and distribution of lead. Lead was widely used in the soldering for canned foods, in paints – especially white interior paints – and in leaded gasoline. It's also used in batteries, ammunition, X-ray shields and hundreds of other industrial uses.

Though strict regulation has eliminated most lead paints and leaded gasoline around the world, its use was so pervasive that lead is now found in soils worldwide, and people alive today have much higher levels of lead in their blood than people living in pre-industrial societies. And even in developed nations like the United States, most buildings built before 1978 – including schools, churches, homes and offices – contain some lead paint.

Lead can also be found in cosmetics like lipstick and hair coloring, drinking water, certain glazed ceramics, toys and game pieces, solder in some cans, artificial Christmas trees, bullets, and in the meat of animals that are hunted with bullets that contain lead. In many cases, levels of lead are higher in items like toys and ceramics that are imported from developing countries.

Warning Signs of Lead Poisoning

Lead poisoning was once called "painter's colic" because it was so common among people who worked daily with lead paints. Even the ancients recognized that lead seemed to contribute to paralysis and other conditions. 

Symptoms of lead poisoning are difficult to specify because different levels of exposure to lead cause different symptoms over time; the differences can be especially pronounced between children and adults. In adults, symptoms of lead exposure may include insomnia, high blood pressure, disturbed mental functioning, numbness or tingling in feet and hands, headache, abdominal pain, memory loss or mood disorders.

Among children, lead poisoning can cause irritability, loss of appetite, weight loss, fatigue, stomach pain, nausea, constipation or learning difficulties. At very high levels of exposure, lead poisoning in kids and adults can result in wrist or foot drop, difficulty concentrating, partial paralysis, delirium, seizures or encephalopathy (characterized by brain swelling). 

Lead Poisoning: Take Action

If it's caught early, lead poisoning can be treated with therapies that draw lead out of the bloodstream. There may be no way, however, to reverse damage caused by exposure to high levels of the heavy metal. 

Preventing lead exposure is therefore critical. There are some simple steps that everyone can take to prevent lead poisoning, especially in families with young children (who are particularly susceptible to it). The following guidelines are adapted from information provided by the EPA and the CDC:

· Use only cold water to prepare food and drinks (hot water absorbs more lead by sitting in pipes and water heaters longer);
· Flush all water outlets used for drinking or food preparation;
· Clean outlet screens or aerators on faucets on a regular basis;
· Keep your home clean and dust-free;
· Wipe up any paint chips or visible dust with a wet sponge or rag. Clean dust around areas where there is friction and dust can be generated, such as doors, windows, and drawers;
· Wash children's hands, bottles, pacifiers and toys often;
· Teach children to wipe and remove their shoes and wash hands after playing outdoors;
· Ensure that your family members eat well-balanced meals. (Lead interferes with some of the body's basic functions, and our bodies can't tell the difference between lead and calcium, a mineral that strengthens bones. Children with healthy diets absorb less lead.);
· Make sure any contractors working in your home are "Lead-Safe Certified";
· Talk to your state or local health department about testing paint and dust from your home for lead;
· Make sure children do not have access to peeling paint or chewable surfaces painted with paint that may contain lead;
· Pregnant women and children should not be present in housing built before 1978 that is undergoing renovation.
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Zinc Facts. Chemical & Physical Properties

Zinc
Atomic Number: 30

Symbol: Zn

Atomic Weight: 65.39

Discovery: known since prehistoric time

Electron Configuration: [Ar] 4s2 3d10
Word Origin: German zinke: of obscure origin, probably German for tine. Zinc metal crystals are sharp and pointed. It could also be attributed to the German word 'zin' meaning tin.

Isotopes: There are 30 known isotopes of zinc ranging from Zn-54 to Zn-83 . Zinc has five stable isotopes: Zn-64 (48.63%), Zn-66 (27.90%), Zn-67 (4.10%), Zn-68 (18.75%) and Zn-70 (0.6%).

Properties: Zinc has a melting point of 419.58°C, boiling point of 907°C, specific gravity of 7.133 (25°C), with a valence of 2. Zinc is a lustous blue-white metal. It is brittle at low temperatures, but becomes malleable at 100-150°C. It is a fair electrical conductor. Zinc burns in air at high red heat, evolving white clouds of zinc oxide.

Uses: Zinc is used to form numerous alloys, including brass, bronze, nickel silver, soft solder, Geman silver, spring brass, and aluminum solder. Zinc is used to make die castings for use in the electrical, automotive, and hardware industries. The alloy Prestal, consisting of 78% zinc and 22% aluminum, is nearly as strong as steel yet exhibits superplasticity. Zinc is used to galvanize other metals to prevent corrosion. Zinc oxide is used in paints, rubbers, cosmetics, plastics, inks, soap, batteries, pharmaceuticals, and many other products. Other zinc compounds are also widely used, such as zinc sulfide (luminous dials and fluorescent lights) and ZrZn2 (ferromagnetic materials). Zinc is an essential element for humans and other animal nutrition. Zinc-deficient animals require 50% more food to gain the same weight as animals with sufficient zinc. Zinc metal is not considered toxic, but if fresh zinc oxide is inhaled it can cause a disorder referred to as zinc chills or oxide shakes.

Sources: The primary ores of zinc are sphalerite or blende (zinc sulfide), smithsonite (zinc carbonate), calamine (zinc silicate), and franklinite (zinc, iron, and manganese oxides). An old method of producing zinc was by reducing calamine with charcoal. More recently, it has been obtained by roasting the ores to form zinc oxide and then reducing the oxide with carbon or coal, followed by distillation of the metal.

Zinc Trivia
Zinc is the 24th most abundant element in the Earth's crust. 

Zinc is the fourth most common metal used today (after iron, aluminum and copper). 

Zinc exposed to air will form a layer of zinc carbonate by reacting with carbon dioxide. This layer protects the metal from further reactions with air or water. 

Zinc burns white-green in a flame test. 

Zinc is the last period four transition metal. 

Zinc oxide (ZnO) was once called "philosopher's wool" by alchemists because it looked like wool when collected on a condenser after burning zinc metal. 

Half of the zinc produced today is used to galvanize steel to prevent corrosion. 

The U.S. penny is 97.6% zinc. The other 2.4% is copper. 

