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ALLOYS







Pure metals are comparatively seldom used; in engineering, application is made chiefly of alloys21 which consist of two or more metals, or of metals and metalloids.
Alloys are metallic solids, complex in composition, formed as a result of the freezing of the melt — the liquid solution of two or more metals, or metals and metalloids.
Each constituent of an alloy is called a component. Alloys may be binary (two-component), ternary (three- component), etc.
The ability of various metals to form alloys differs greatly and, therefore, the structure of various alloys after solidification may also be very diverse.
In the liquid state, alloys are entirely homogeneous and from the physical point of view constitute a single phase*. Nonhomogeneity may appear when an alloy is transformed from the liquid to the solid state, i. e. several solid phases are formed. After solidification, alloys may consist of one, two or more phases depending upon the nature of their components. Certain metals are not mutually soluble in the liquid state; they form two layers with different specific weights (e. g., lead and iron, lead and zinc, etc.). It is difficult to form an alloy in such cases since it is necessary to mix the metals into each other


HEAT TREATMENT OF STEEL
Steel undergoes heat treatment23 to improve its structure and to obtain higher or specified mechanical properties.
Heat treatment is the process of changing the structure of a metal by heating it to a predetermined temperature, holding it at this temperature for a prescribed period of time and cooling it at a prescribed rate24.
The types of heat treatment applied in practice ares (1) annealing, (2) normalisation, (3) hardening and (4) tempering.
Annealing is one of the most important heat treating operations applied to steel. It relieves internal stresses in the metal, refines the grain and reduces the hardness. After annealing, steel becomes more plastic and ductile.
After the required heating temperature is achieved in annealing the metal is held for a certain time in the furnace to enable the required changes to take place throughout the mass of the workpiece25. This holding time26 in the furnace at the annealing temperature usually ranges from 30 to 60 minutes per ton of the charge.
The metal is commonly cooled, after heating arid holding, with the furnace27; a cooling rate from 150 to 200 deg C per hour is regular practice.
If the steel is subjected to cold working to increase the tensile strength and yield point but at the same time becomes work-hardened and brittle (loses its ductility), so-called recrystallisation, or process annealing is applied28. Its purpose is to reduce the distortions of the crystal lattice produced by cold working.
Recrystallisation annealing consists in heating the steel to a temperature of about 600—700° C, holding at this temperature for a prolonged period and slow cooling. 
This treatment transforms the grains of steel, broken up or distorted in the process of deformation, back into their normal state (by recrystallisation) thus removing workhardening and relieving internal stresses.
A special highly efficient annealing process, called normalizing, is sometimes used for the elimination of internal stresses in steel and for its recrystallisation. It has essentially the same purposes as conventional annealing and, therefore, the structure of the steel after normalizing is similar to the structure of annealed steel. Normalized steel castings have a higher yield point, tensile strength and impact strength than if they were annealed30. Since normalizing requires less time than conventional annealing it is extensively replacing the conventional annealing in treating low- and medium-carbon steels. High-carbon steels undergo normalizing to eliminate the cementite (carbide) network.
The heat-treating process applied to temperature and quenching (rapid cooling). After quenching, a martensite structure is obtained or other transitional forms of austenite, for example, martensite + troostite.
Directly after quenching, the steel acquires a high hardness but, at the same time, high internal stresses develop in the steel and it becomes brittle. The next impart high hardness to steel, to improve its mechanical strength and to retain its ductility comprises two operations — hardening and tempering.
Steel is hardened by heating to a temperature above the upper or lower criticial point, holding at this 
heat- treating operation — tempering—relieves the internal stresses to some extent and reduces the brittleness of the hardened steel. After hardening and tempering structural steels acquire higher strength, hardness and ductility. The purpose of hardening tool steel is to increase the hardness and wear resistance while retaining sufficient ductility.
Whenever' steel is quenched in water, in various aqueous salt solutions or oil, an insulating film envelops the work thus impeding heat extraction from the metal. Agitation of the parts in the quenching bath31 breaks up the vapour blanket, thereby allowing intimate contact between the metal and the quenching medium. This increases the cooling rate and leads to more intensive hardening of the steel.


ALUMINIUM AND ITS ALLOYS
Next to oxygen, aluminium is the most abundant element in nature: about 7.45 per cent of the earth’s crust consists of aluminium.
Aluminium is extracted from rock with a high alumina content. The most important sources are bauxite, kaolin, nepheline and alunite.
Bauxite is the principal source of aluminium. The less silica in a bauxite the higher32 its quality as an aluminium ore. Kaolin clays are very abundant in nature but the extraction of aluminium from these ores presents difficulties due to the considerable amount of silica present33.
The most important properties of aluminium are its low specific gravity (2.7), high electrical and thermal conductivities, high ductility, and corrosion resistance in various media.
Pure aluminium has only few applications; it is used for the manufacture of electrical wire, chemical apparatus, household utensils and for coating other metals.
Aluminium alloys are more widely used in industry. Wrought aluminium alloys have a high mechanical strength which in some cases approaches the strength of steel. Wrought aluminium alloys are further classified as (1) non-heat-treatable and (2) heat-treatable alloys. Wrought aluminium alloys also include complex alloys of 20 aluminium with copper, nickel, iron, silicon and other alloying elements. Complex wrought aluminium alloys of the duralumin (dural) type and certain others have found most extensive application in many industries.
Several grades of duralumin are available in the USSR. They are identified by the Russian letter JX followed by a figure indicating the number of the alloy in the series. Duralumin, grade IX-1 can be obtained in the form of sheets, bar stock and tubing; grades IX-6 and Tt-16 are usually produced in the form of bars, and grade A-3TI is made as wire for rivets
EXERCISE
Answer the following questions:
1. What elements are the most abundant in nature?
2. What are the most important sources of aluminium?
3. What are the most important properties of aluminium?
4. Is pure aluminium widely used?
5. Do wrought aluminium alloys have a high mechanical strength?
6. How are wrought aluminium alloys further classified?
7. What complex alloys do wrought aluminium alloys also include?
8. What aluminium alloys have found most extensive application in many industries?
9. How are various grades of duralumin identified?


MAGNESIUM AND ITS ALLOYS
Magnesium has a’ specific gravity of approximately 1.7; its alloys are the lightest of all engineering metals employed.
The melting point of magnesium is 650 C; its boiling point is 1007° C. Magnesium is very inflammable and burns with a dazzling flame, developing a great deal of34 heat.
Tin' mechanical properties of magnesium, especially the tensile strength, are very low and therefore pure magnesium is not employed in engineering.
I lie alloys of magnesium possess much better mechanic a I properties which ensure their wide application.
The principal alloying elements in magnesium alloys are aluminium, zinc and manganese. Aluminium, added in amounts up to 11 per cent, increases the hardness, tensile strength and fluidity of the alloy. Up to 2 per cent zinc is added to improve the ductility (relative elongation) and castability. The addition of 0.1-0.5 per cent manganese raises the corrosion resistance of magnesium alloys.
Small additions of cerium, zirconium and beryllium enable a fine-grained structure to be obtained35, they also increase the ductility and oxidation resistance of the alloys at elevated temperatures.
Magnesium alloys are classified into two groups: (1) wrought alloys, grades MAI, MA2, (2) casting alloys, grades MJI4, MJI5.
Wrought magnesium alloys MAI and MA2 are chiefly used for hot smith and closed-die forged machine parts38. They are less frequently used as sheets, tubing or bar stock.
Magnesium casting alloys MJT4 and MJT5 are widely used as foundry material though their castability is inferior to that of aluminium-base atloys

[bookmark: bookmark0]EXERCISE
Answer the following questions:
1. What specific gravity has magnesium?
2. What is the melting point of magnesium?
3. Why is pure magnesium not employed in engineering?
4. What are the principal alloying elements in magnesium alloys?
5. How much aluminium is added to magnesium?
6. How much zinc is added to magnesium?
7. How much manganese is added to magnesium?
8. For what purpose are small additions of cerium, zirconium and beryllium added to magnesium?


CORROSION OF METALS AND ALLOYS
Almost all metals and alloys subject to the action oi atmospheric air or other surrounding media (for example, sea water, soil, acid and alkali solutions, organic liquids, etc.) are gradually destroyed, beginning from the surface, and lose their initial appearance. This progressive destruction of a metallic surface exposed to an external aggressive (active) medium is called corrosion.
Experience shows that corrosive destruction depends mainly upon the following three factors: (1) the chemical nature of the metal or composition of the alloy and their structures; (2) the chemical nature of the surrounding medium and the percentage of aggressive matter in metals (oxygen, moisture, acids, alkalis, etc.) and (3) the temperature of the surrounding medium.
As to its character, metal corrosion may be classified as: (1) uniform corrosion, in which the whole surface of the metal or alloy is corroded with equal intensiveness; (2) localised corrosion, in which only certain areas of the surface are attacked; (3) selective corrosion, where only separate structural components of an alloy are affected and (4) intercrystalline corrosion, which involves destruction of the metal or alloy along its grain boundaries.
According to the mechanism of the corrosion process,
It Is necessary to distinguish between chemical and electrochemical corrosion.
Chemical corrosion conforms to the laws of chemical kinetics. A typical example of chemical corrosion is the oxidation and erosion of the valves of internal combustion engines by the incandescent products of combustion. A film of corrosion products, usually oxides, is formed on the surface of metal in the course of chemical destruction. In some cases this film may protect the underlying metal against further corrosion, i. e. make it more passive in respect to the surrounding medium42.
Electrochemical corrosion occurs in the presence of liquids which are electrolytes containing free ions. The essence of electrochemical corrosion is that the atoms, on the surface of the metal in contact with the electrolytic solution, pass into the solution as ions and leave an equivalent quantity of electrons in the metal.
The principal corrosion protection methods43 applied in practice are: (1) alloying metals to obtain chemically inactive alloys of special composition; (2) forming oxide films on the surface of metal parts; (3) applying protective metallic coatings on the parts; (4) protecting the surface of metat with a coat of paint or lacquer

EXERCISE
Answer the following questions:
1. What process is called corrosion?
2. What factors does corrosive destruction depend upon?
3. How may metal corrosion be classified?
4. What is a typical example of chemical corrosion?
5. What is the essence of electrochemical corrosion?
6. What are the principal corrosion protection methods?


WELDING
In the Soviet Union a higher proportion of metal parts was joined by welding.
Wide use was made of the vacuum electron-beam welding method in our country.
One of the most difficult problems in welding was to avoid the thermal treatment of welded parts since the process was costly and took much time. The Soviet Union had developed a cement kiln 20 m long and 5 m in diameter, where welding was performed with such precision that no further thermail treatment was required
I" i Mug of (lie science and technology in welding in "in • ■ miii11 y today Academician Paton stated that it had In mildil about a veritable technical revolution in heavy riigmeering, ship-building, power-engineering and the roust ruction industry.
“The science and technology of welding”, Academician Paton said, “have an important part to play in the future world. Without welding interplanetary liners cannot be built, welding is necessary for building launching sites on other planets and in outer space. At metal-working plants of the future the equipment will include not only installations for continuous steel pouring and rolling mills but also welding installations so that the shops turn out not rolled stock but finished goods. New methods and apparatus will be developed”.
Among the means that would be used in the future to join metals and other materials were high frequency current, ultrasonics, plasma and controlled fusion, the Academician said. The very term “welding” would become old-fashioned, he thought, and welding would be replaced by a kind of “glueing”. The most promising method, in his opinion, was that of “cold welding”, with which the metal was not heated to melting point but was joined by means of tremendous compression and the uniting of atoms.


CHARACTERISTICS OF THE PRINCIPAL WELDING PROCESSES
Welding is the process of joining together pieces of metal or metallic parts by bringing them into intimate proximity and heating the places of contact to a state of fusion or plasticity. This leads to interpenetration of the atoms of the metals in the weld zone, and a strong inseparable joint is formed after the metals have cooled.
Welding finds widespread application in almost all branches of industry and construction. Welding is extensively employed in the fabrication and erection of steel structures in industrial construction and civil engineering (frames of industrial buildings, bridges, etc.), vessels of welded-plate construction (steel reservoirs, pipelines, etc.) and concrete reinforcement.
Welding processes may be classified according to the source of energy employed for heating the metals and the state of the metal at the place being welded. A master chart of the principal welding processes is shown in
l ig. 3.
In fusion welding the welding area is heated by a concentrated source of heat to a molten state and filler metal must be added to the weld.
In accordance with the method applied for feeding the filler metal to the weld, welding procedures are classified us manual, semi-automatic or automatic welding.
Pressure welding processes involve the heating of the metallic parts only to a plastic or slightly fused state and forcing them together with external pressure. Pressure welding processes are applied to metals which are capable of being brought to a plastic state by heating or due to I lie action of external forces. It has been established that In this process the most weldable metals prove to be those metals which have higher thermal conductivity. Such metals more rapidly dissipate heat from the weld r.one and do not allow an excessively high temperature to be concentrated ina small area (the latter may lead! to considerable internal stress).The quality of the joint obtained in pressure weldind depends to a great extent upon the magnitude of the applied pressure and the temperature to which the metal is heated at the moment of welding. The higher this tern-' perature, the less unit pressure will be required to produce the weld. Proper cleaning of the surface to be joined is one of the main conditions for obtaining high-quality welds ini pressure-welding procedures.


WELDABILITY OF METALS

Decisive factors affecting the weldability of steels are their chemical composition, physical properties and the heat treatment to which they are subjected.
Carbon has a strong influence on the quality of the weld. An increase in the carbon content affects the strength, hardness and toughness of the weld. If the carbon content exceeds 0.3 per cent, the air-hardening capacity of the transition zone in the base metal will be increased and the steel will become more brittle. The effect produced by carbon is much less in arc-welding than in gas-welding process. Carbon structural steels have good weldability with any welding technique for carbon contents up to 0.27 per cent; satisfactory welds can be obtained for contents up to 0.35 per cent.
If structural steels contain more than 0.36% C and are susceptible to the formation of hardening cracks, they require preheating before welding and subsequent heat treatment. The application of filler metal with a low carbon content enables hardening of the weld to be avoided; weld strength can be ensured by alloying the metal of the weld with manganese, silicon and other elements.
If we added phosphorus to steel, in amounts exceeding
9. 04 per cent, it would have an unfavourable effect on the mechanical properties of the weld since the brittleness would be increased.
Sulphur would have an extremely detrimental effect on the weldability of steels since it causes red shortness. The formation of cracks is observed at a sulphur content over 0.04 per cent (especially in gas welding)


HARD-FACING OF METALS

Hard-facing, or surfacing, involves the application of a weld deposit at a definite place on the work to increase the hardness, strength and wear resistance of the base metal. Hard-facing materials include stellite, sormite, stalinite and other cutting and wear-resistant alloys. Hard-facing is done by means of gas, arc or shielded-arc welding techniques. Gas and shielded-arc welding ensures a more uniform composition of the deposited layer but ordinafy arc welding is less expensive. The thickness of the deposit should not, as a rule, exceed 2 mm; the susceptibility to crack formation increases with thicker layers.
The hard-facing techniques and conditions that are used should ensure a strong bond of the deposit with the base metal, restrict their mixing and avoid the formation of cracks and other defects in the deposited layer.
Parts to be hard-faced are first preheated to 350°— 500° C; the hard-faced parts are to be cooled slowly. Hard-facing increases the service life of certain parts by 3 or 4 times, on the average, and enables worn parts to be repeatedly restored.


ELECTROSLAG WELDING
A principally new method of permanent consolidation metal pieces, termed “electroslag welding”, has been developed in the USSR by the Welding Research Institute Limed after Academician E. O. Paton, in collaboration K\ ilh a number of manufacturing works.
It is well known that the electroslag welding has kiheady found a wide application in various enterprises m I lie Soviet Union and other countries too. It is the leelroslag welding that offers a number of important iidvnntages in comparison with all other existing methods |>! electric arc welding of heavy metal plate:
10. Higher performance, than that of the multi-bead arc gi lding methods used in various countries throughout
lie world, including automatic multi-bead flux arc welding.
I lie increased welding performance from 3 to 15 times i depending on the metal thickness) is ensured by the ^Mowing: possibility of welding metal of any thickness In a single run of the welding apparatus61, without loss Id lime for stopping to clean the seam from slag between lie multiple heads; increased welding rate, as a result of vlra high currents, extended electrode length62 and pi I i ience of burning and splashing losses; reduced seam ross-section (for metal thickness over 90 mm).
11. High quality of welded joints obtained as a result I higher resistance of the metal against formation of rystallization of cracks and pores in the vicinity of the r,un; absence of angular deformations (warping) in
I>i111-joints, due to the symmetrical shape of the metal dges and simultaneuos filling of the seam over the entire llickness of the metal63; possibility of greater precision in |l{iiiding the electrode along the joint centre line, which educes the probability of incomplete fusion, slag inclusions and other defects.
12. Reduced consumption of flux and electric power, ilectroslag welding permits to manufacture large size
kvli uctures without unique forging or foundry equipment, ]v\ 11ile the cycle of production is reduced considerably.
Also an important item in the use of electroslag ividding are repairs. The repair of large machine and liuchanism parts either destroyed in operation or rejected in the process of manufacture64 is of great economic value. Electroslag welding is also applied on smelting job: in smelting or remelting alloy steel ingots, in the econorr ical casting of parts (the method of electric slag impreg nation) and for other purposes.
Low-alloy and high-alloy carbon steel, cast iron, tits nium and other metals and alloys can be welded by th aid of the electric slag process.


ARC AND OXYGEN CUTTING OF METALS AND ALLOYS
Ferrous and nonferrous metals and their alloys can b cut either by an electric arc or by a gas flame, both carbo and metal electrodes being employed in the arc cutting c metals. In these processes the severing or removing ( metals is effected by melting the metal with the heat c an electric arc at the cut85.
This method is used in the demolition of steel stru< tures and pipeline mains, for cutting up scrap, removin the gating system from castings, cutting nonferrot metals, steel and cast iron, burning through holes66 an also for repair and assembly operations.
Straight polarity is commonly applied for carbon-ai cutting07. The eleotrodes are from 10 to 20 mm in diamete and the current may vary from 400 to 800 A dependin upon the depth of the cult. The use of metal electrode improves the quality of the cut, reduces the width of tti kerf and produces more evenly cut edges. In various gas cutting processes the required tempera- Iin c is maintained by means of a flame obtained from the Mimbustion of a fuel gas. The two most widely used inocesses of this type are straight oxy-gas cutting and I In- metal powder and chemical flux cutting processes.
Oxy-gas cutting is based upon the ability of certain liirtals to burn in oxygen with the evolution of a great ilr.i 1 of heat thereby melting the metal and forming oxides68. This method is suitable for cutting only metals In which the ignition temperature is lower than the melting point and the melting point of the formed oxides N lower than that of the metal itself. Moreover, the oxides must have fair fluidity. The heat conductivity of the metal must be low so as to concentrate the heat.
Carbon steels with a carbon content up to 0.7 per cent .iiid low-alloy steels are cut by this technique. High-alloy sleels are preheated to 650°—700° C before cutting. Metals which cannot be effectively cut by this method are: cast Iron, since its melting point is equal to 1200° C while its Ignition temperature is 1350° C; high-alloy chromium and i lirome-nickel steels; and nonferrous alloys, since the melting point of their oxides is higher than that of the base metals.
Oxy-gas cutting is performed by means of ordinary gaswelding equipment except that the welding torch is icplaced by a cutting torch which delivers the gas mixture lor preheating and oxygen for burning the metal. The rutting torch has interchangeable nozzles with preheating (external) and cutting (internal) orifices


BRAZING AND SOLDERING OF METALS AND ALLOYS
We know brazing and soldering to be processes fo joining solid metal components by introducing betweei them a molten alloy (brazing filter metal or solder, as th case may be69). The molten alloy has a lower melting poin than that of the base metal of the components which ar joined.
To obtain a strong joint it is necessary that the brazint alloy or solder should properly wet the surfaces of thi base metals and form solutions with them. The greatei the degree of interdiffusion between the molten alloy, 01 solder, and the base metals, the higher the mechanica strength of the joint will be.
Brazing and soldering can be employed to join parts of carbon and alloy steels of all grades, nonferrous metals and their alloys, as well as dissimilar metals anc alloys.
The distinction between brazing and soldering is in the temperature range in which the process is performed. This range depends upon the melting point of the filler metal. Solders employed in soldering operations have a low melting point (up to 400° C) and the junction has a relatively low mechanical strength. Brazing alloys, on the other hand70, have a much higher melting point (up to 900 C) and produce a joint with high mechanical strength.
Soldering is employed when liquid tight joints are required, having a comparatively low mechanical strength (the tensile strength of a soldered seam ranges from 3 to 10 kg per sq. cm). The joints obtained by brazing have a much higher tensile strength (from 31 to 44 kg per sq. cm).
Metals may be soldered by means of a hand-type soldering iron71, a blowtorch, by dipping in molten solder and by other methods. Soldering iron may be of the plain, gasoline, gas or electric types.
In certain cases the brazing and soldering of metals lend themselves well to the use72 of mechanized and auto-' matic equipment. Mechanized and automatic brazing methods include resistance brazing, induction brazing, arc brazing, dip brazing and others.
I he selection of a mechanized brazing method should hr bused on the scale of production, type of filler metal, win K material and the size of the joined components


THE USE OF LASERS IN MODERN PRODUCTION
One of the most important scientific achievements of 1 |t<- past years is the discovery that a powerful beam of monochromatic, highly directional75 and coherent light < am be generated by means of a family of devices called "Insors.”
I he term “laser” is an abbreviation for “Light Ampli- fli.itjon by Stimulated Emission of Radiation”. The most commonly used light-emitter is a cylindrical ruby rod which is “pumped” by light from a flash tube. When elec- (rlciil energy is discharged into the lamp, there is a powerful flash of light that “pumps” ions within the ruby rod In higher-than-normal energy levels. When a few ions (Imp to the normal energy level76, they emit photons that -.I in 1111 ate other ions to do the same. The result is a chain traction that causes all of the “pumped up” ions to drop lu Ihe normal energy level almost simultaneously. The i ( lilting pulse of light is of a single wavelength (6943 Angstroms, within the region of visible radiation) and mill h of it travels parallel to the axis of the rod. A mirror Hi one end of the rod reflects the light emerging from that ( ml of the rod back through the rod, so that the reflected liplit is added to the light emerging from the other end of tin* rod.
I he resulting beam can be focused by a simple lens so lli.il its energy is concentrated on an extremely small area, tin. is what makes lasers of interest to manufacturing riip.ineers77: the focused laser beam can be made suffi- i icntly powerful to vaporize any known material or, with tomewhat less power, laser beams become excellent tools Im spot type welding.
Advantage of the laser for the working of materials is lli.it the laser can operate in any atmosphere, unlike the (hi Iron beam which is normally operated in a vacuum »lumber. Any material that can be welded by conventional 4, H-8740	49
methods can be welded by a laser beam. Welding of dis similar materials creates no special problems. In welding both materials are melted and are subjected to infinit mixing. As the metals cool, grains grow across the forme interface78 and the result is a homogeneous material. N flux is needed to promote welding action.
Because the laser beam is delivered in pulses, lase welding is essentially spotwelding — it cannot compet with the continuous-seam capabilities of electron-bear welding. In general, the two processes are complementary each process has its own best applications.
The most effective applications of the laser beam ar found in microdrilling. Here the ability of the beam t drill holes through even the hardest and most refractor materials has excited the interest of tool engineers in th electronics and aerospace industries79.
A potentially large field for laser welders and drill is microelectronics, where laser beams may be used t weld subminiature components and to modify the substrate on which microcircuits are built up. Controlled evap< ration of selected areas on thin-film circuits is also a po: sibility. And laser beams may be applied to evaporat various materials in vacuum for use in deposition pro< esses.




