
 

Chapter 5 

Nonferrous Alloys 

5.1 Introduction 

Steel and other ferrous alloys are consumed in exceedingly large quantities because they have such 

a wide range of mechanical properties, may be fabricated with relative ease, and are economical 

to produce. However, they have some distinct limitations, chiefly: 

 (1) a relatively high density, 

 (2) a comparatively low electrical conductivity, and  

(3) an inherent susceptibility to corrosion in some common environments.  

Thus, for many applications it is advantageous or even necessary to utilize other alloys having 

more suitable property combinations. Alloy systems are classified either according to the base 

metal or according to some specific characteristic that a group of alloys share.  

On occasion, a distinction is made between cast and wrought alloys. Alloys that are so brittle that 

forming or shaping by appreciable deformation is not possible ordinarily are cast; these are 

classified as cast alloys. On the other hand, those that are amenable to mechanical deformation are 

termed wrought alloys. In addition, the heat treatability of an alloy system is mentioned frequently. 

“Heat treatable” designates an alloy whose mechanical strength is improved by precipitation 

hardening or a martensitic transformation (normally the former), both of which involve specific 

heat-treating procedures.  

Copper and Its Alloys 

5.2.1 Extraction of Copper 

Native copper is found in several parts of the world but about 90% of the metal is obtained from 

graphite ores. The principal sulphide ores are chalcocite or copper glance, Cu2S, and chalco ptrites, 

CuFeS2. Of the oxidized copper ores malachite, CuCO3. Cu(OH)2, and cuprite, Cu2O, are important. 

Most of the ores being worked at present contain lesss than 2% copper. Before smelting, the ores 

are concentrated by the flotation process and the copper content is raised to about 25%. Extraction 

of copper is complicated and consists of the following five steps: 

1. Concentration of ore by froth flotation 

2. Roasting of ore (to eliminate part of the sulphur) 

3. Smelting (to eliminate gangue and to produce matte) 



4. Conversion of matte to blister copper 

5. Electrolytic refining of copper 

5.2.2 Properties and uses of Copper 

Next to iron and aluminium, copper is the most widely used metal. Its electrical and thermal 

conductivities are next to silver. Copper and copper-based alloys, possessing a desirable 

combination of physical properties, have been utilized in quite a variety of applications since 

antiquity. Unalloyed copper is so soft and ductile that it is difficult to machine; also, it has an 

almost unlimited capacity to be cold worked. Furthermore, it is highly resistant to corrosion in 

diverse environments including the ambient atmosphere, seawater, and some industrial chemicals. 

The corrosion resistance of copper is due the formation of a uniform layer of oxide on the surface 

of the metal.   

The mechanical and corrosion-resistance properties of copper may be improved by alloying. Most 

copper alloys cannot be hardened or strengthened by heat-treating procedures; consequently,   

cold working and/or solid-solution alloying must be utilized to improve these mechanical 

properties. 

Due to its remarkable conductivity and corrosion resistance, copper is widely used for electrical 

conductors, heat conductors, structural purposes and water carrying pipes. Some of the important 

uses of copper are as follows: 

i) over 50% of the copper produced is used for electrical purposes in the form of wire, 

switches, bus bars and articles that carry electric current. 

ii)A large tonnage of copper goes into those applications which require heat conductivity, 

such as automobile radiators, hot water heaters, refrigerators, heat exchangers, condenser 

plates, etc. 

iii) about 25% of copper produced is used for roofing, tubing, and in the form of alloys. 

The principal alloys of copper are brasses and bronzes. 

             iv) copper is used for hot and cold water distribution lines 

 

 

 

 

 



5.2.3 Alloys of Copper 

 Brasses 

The most common copper alloys are the brasses for which zinc, as a substitutional impurity, is the 

predominant alloying element. The copper–zinc alloy at α phase is stable for concentrations up to 

approximately 35 wt% Zn. This phase has an FCC crystal structure, and α brasses are relatively 

soft, ductile, and easily cold worked. Brass alloys having a higher zinc content contain both α and 

β’ phases at room temperature. The β’ phase has an ordered BCC crystal structure and is harder 

and stronger than the phase; consequently, α+ β’ alloys are generally hot worked. Some of the 

common brasses are yellow, naval, and cartridge brass, muntz metal, and gilding metal. The 

compositions, properties, and typical uses of several of these alloys are listed in Table 5.1. Some 

of the common uses for brass alloys include costume jewelry, cartridge casings, automotive 

radiators, musical instruments, electronic packaging, and coins. 

 Bronze 

The bronzes are alloys of copper and several other elements, including tin, aluminum, silicon, and 

nickel. These alloys are somewhat stronger than the brasses, yet they still have a high degree of 

corrosion resistance. Table 5.1 contains several of the bronze alloys, their compositions, properties, 

and applications. Generally, they are utilized when, in addition to corrosion resistance, good tensile 

properties are required. 

The most common heat-treatable copper alloys are the beryllium coppers. They possess a 

remarkable combination of properties: tensile strengths as high as 1400 MPa (200,000 psi), 

excellent electrical and corrosion properties, and wear resistance when properly lubricated; they 

may be cast, hot worked, or cold worked. High strengths are attained by precipitation-hardening 

heat treatments. These alloys are costly because of the beryllium additions, which range between 

1.0 and 2.5 wt%. Applications include jet aircraft landing gear bearings and bushings, springs, and 

surgical and dental instruments.   

 

 

 

 

 

 



Table 5.1 Compositions, Mechanical Properties, and Typical Applications for Eight Copper Alloys 

 

 

Aluminum and Its Alloys 

Extraction of aluminium 

Most of the aluminium is produced from its ores. The principal ore of aluminium is bauxite, 

Al2O3.2H2O. Most of the bauxite deposits contain 40-60% Al2O3, with about 25% water. The 

chief impurities are silica, iron oxide and titanium oxide. The ore is thoroughly purified by Bayer 

process before extraction, because removal of impurities from the ore is easier than from the 

metal. 

First of all, the bauxite is concentrated by separating the insoluble residue from it. The 

concentrated bauxite is then transformed into aluminium oxide, called alumina. The is now 

reduced to aluminium by electrolysis process. 

5.3.2 Properties and uses of aluminium 



Aluminum and its alloys are characterized by a relatively low density (2.7 g/cm3 as compared to 

7.9 g/cm3 for steel), high electrical and thermal conductivities, and a resistance to corrosion in 

some common environments, including the ambient atmosphere. Many of these alloys are easily 

formed by virtue of high ductility; this is evidenced by the thin aluminum foil sheet into which the 

relatively pure material may be rolled. Since aluminum has an FCC crystal structure, its ductility 

is retained even at very low temperatures. The chief limitation of aluminum is its low melting 

temperature (6600C), which restricts the maximum temperature at which it can be used. The 

mechanical strength of aluminum may be enhanced by cold work and by alloying; however, both 

processes tend to diminish resistance to corrosion. Principal alloying elements include copper, 

magnesium, silicon, manganese, and zinc. 

Non-heat-treatable alloys consist of a single phase, for which an increase in strength is achieved 

by solid-solution strengthening. Others are rendered heat treatable (capable of being precipitation 

hardened) as a result of alloying. In several of these alloys precipitation hardening is due to the 

precipitation of two elements other than aluminum, to form an intermetallic compound such as 

MgZn2.  

Generally, aluminum alloys are classified as either cast or wrought. Composition for both types is 

designated by a four-digit number that indicates the principal impurities, and in some cases, the 

purity level. For cast alloys, a decimal point is located between the last two digits. After these 

digits is a hyphen and the basic temper designation a letter and possibly a one- to three-digit 

number, which indicates the mechanical and/or heat treatment to which the alloy has been 

subjected. For example, F, H, and O represent, respectively, the as-fabricated, strainhardened, and 

annealed states; T3 means that the alloy was solution heat treated, cold worked, and then naturally 

aged (age hardened). A solution heat treatment followed by artificial aging is indicated by T6. The 

compositions, properties, and applications of several wrought and cast alloys are contained in 

Table 5.2. Some of the more common applications of aluminum alloys include aircraft structural 

parts, beverage cans, bus bodies, and automotive parts (engine blocks, pistons, and manifolds). 

Recent attention has been given to alloys of aluminum and other low-density metals (e.g., Mg and 

Ti) as engineering materials for transportation, to effect reductions in fuel consumption. An 

important characteristic of these materials is specific strength, which is quantified by the tensile 

strength–specific gravity ratio. 



Even though an alloy of one of these metals may have a tensile strength that is inferior to a denser 

material (such as steel), on a weight basis it will be able to sustain a larger load. 

Generations of new aluminum–lithium alloys have been developed recently for use by the 

aircraft and aerospace industries. These materials have relatively low densities (between about 

2.5 and 2.6 g/cm3), high specific moduli (elastic modulus specific gravity ratios), and excellent 

fatigue and low-temperature toughness properties. Furthermore, some of them may be 

precipitation hardened. However, these materials are more costly to manufacture than the 

conventional aluminum alloys because special processing techniques are required as a result of 

lithium’s chemical reactivity.  

5.4 Magnesium and Its Alloys 

Perhaps the most outstanding characteristic of magnesium is its density, 1.7 g/cm3, which is the 

lowest of all the structural metals; therefore, its alloys are used where light weight is an important 

consideration (e.g., in aircraft components). Magnesium has an HCP crystal structure, is relatively 

soft, and has a low elastic modulus: 45 GPa ( psi). At room temperature magnesium and its alloys 

are difficult to deform; in fact, only small degrees of cold work may be imposed without annealing. 

Consequently, most fabrication is by casting or hot working at temperatures between 200 and 

3500C. Magnesium, like aluminum, has a moderately low melting temperature (6510C). 

Chemically, magnesium alloys are relatively unstable and especially susceptible to corrosion in 

marine environments. On the other hand, corrosion or oxidation resistance is reasonably good in 

the normal atmosphere; it is believed that this behavior is due to impurities rather than being an 

inherent characteristic of Mg alloys. Fine magnesium powder ignites easily when heated in air; 

consequently, care should be exercised when handling it in this state. 

These alloys are also classified as either cast or wrought, and some of them are heat treatable. 

Aluminum, zinc, manganese, and some of the rare earths are the major alloying elements. A 

composition temper designation scheme similar to that for aluminum alloys is also used.  

Table 5.3 lists several common magnesium alloys, their compositions, properties, and applications. 

These alloys are used in aircraft and missile applications, as well as in luggage. Furthermore, in 

the last several years the demand for magnesium alloys has increased dramatically in a host of 

different industries. 

Table 5.2 Compositions, Mechanical Properties, and Typical Applications for Several Common Aluminum Alloys 



 

 

For many applications, magnesium alloys have replaced engineering plastics that have 

comparable densities inasmuch as the magnesium materials are stiffer, more recyclable, and less 

costly to produce. For example, magnesium is now employed in a variety of hand-held devices 

(e.g., chain saws, power tools, hedge clippers), in automobiles (e.g., steering wheels and 

columns, seat frames, transmission cases), and in audio-video-computer-communications 

equipment (e.g., laptop computers, camcorders, TV sets, cellular telephones). 

 5.5 Titanium and Its Alloys 



Titanium and its alloys are relatively new engineering materials that possess an extraordinary 

combination of properties. The pure metal has a relatively low density (4.5 g/cm3), a high melting 

point (16680C), and an elastic modulus of 107 GPa . Titanium alloys are extremely strong; room 

temperature tensile strengths as high as 1400 MPa (200,000 psi) are attainable, yielding remarkable 

specific strengths. Furthermore, the alloys are highly ductile and easily forged and machined. 

 

Table 5.3 Compositions, Mechanical Properties, and Typical Applications for Six Common Magnesium Alloys 

 

 

The major limitation of titanium is its chemical reactivity with other materials at elevated 

temperatures. This property has necessitated the development of nonconventional refining, 

melting, and casting techniques; consequently, titanium alloys are quite expensive. In spite of this 

high temperature reactivity, the corrosion resistance of titanium alloys at normal temperatures is 

unusually high; they are virtually immune to air, marine, and a variety of industrial environments. 



Table 5.4 presents several titanium alloys along with their typical properties and applications. They 

are commonly utilized in airplane structures, space vehicles, surgical implants, and in the 

petroleum and chemical industries. 

Table 5.4 Compositions, Mechanical Properties, and Typical Applications for Six Common Magnesium Alloys 

 

 

5.6 The Refractory Metals 

Metals that have extremely high melting temperatures are classified as the refractory metals. 

Included in this group are niobium (Nb), molybdenum (Mo), tungsten (W), and tantalum (Ta). 

Melting temperatures range between 24680C for niobium and 34100C, the highest melting 

temperature of any metal, for tungsten. Interatomic bonding in these metals is extremely strong, 

which accounts for the melting temperatures, and, in addition, large elastic moduli and high 

strengths and hardnesses, at ambient as well as elevated temperatures. The applications of these 

metals are varied. For example, tantalum and molybdenum are alloyed with stainless steel to 

improve its corrosion resistance. Molybdenum alloys are utilized for extrusion dies and structural 

parts in space vehicles; incandescent light filaments, x-ray tubes, and welding electrodes employ 

tungsten alloys. 

Tantalum is immune to chemical attack by virtually all environments at temperatures below and 

is frequently used in applications requiring such a corrosion-resistant material. 



5.7 The Super alloys 

The super alloys have superlative combinations of properties. Most are used in aircraft turbine 

components, which must withstand exposure to severely oxidizing environments and high 

temperatures for reasonable time periods. Mechanical integrity under these conditions is critical; 

in this regard, density is an important consideration because centrifugal stresses are diminished in 

rotating members when the density is reduced. These materials are classified according to the 

predominant metal in the alloy, which may be cobalt, nickel, or iron. Other alloying elements 

include the refractory metals (Nb, Mo,W, Ta), chromium, and titanium. In addition to turbine 

applications, these alloys are utilized in nuclear reactors and petrochemical equipment. 

5.8 The Noble Metals 

The noble or precious metals are a group of eight elements that have some physical characteristics 

in common. They are expensive (precious) and are superior or notable (noble) in properties that is, 

characteristically soft, ductile, and oxidation resistant. The noble metals are silver, gold, platinum, 

palladium, rhodium, ruthenium, iridium, and osmium; the first three are most common and are 

used extensively in jewelry. Silver and gold may be strengthened by solid-solution alloying with 

copper; sterling silver is a silver–copper alloy containing approximately 7.5 wt% Cu. Alloys of 

both silver and gold are employed as dental restoration materials; also, some integrated circuit 

electrical contacts are of gold. Platinum is used for chemical laboratory equipment, as a catalyst 

(especially in the manufacture of gasoline), and in thermocouples to measure elevated 

temperatures. 

5.9 Miscellaneous Nonferrous Alloys 

The discussion above covers the vast majority of nonferrous alloys; however, a number of others 

are found in a variety of engineering applications, and a brief exposure of these is worthwhile. 

Nickel and its alloys are highly resistant to corrosion in many environments, especially those that 

are basic (alkaline). Nickel is often coated or plated on some metals that are susceptible to 

corrosion as a protective measure. Monel, a nickel based alloy containing approximately 65 wt% 

Ni and 28 wt% Cu (the balance iron), has very high strength and is extremely corrosion resistant; 

it is used in pumps, valves, and other components that are in contact with some acid and petroleum 

solutions. 

As already mentioned, nickel is one of the principal alloying elements in stainless steels and one 

of the major constituents in the super alloys. 



Lead, tin, and their alloys find some use as engineering materials. Both are mechanically soft and 

weak, have low melting temperatures, are quite resistant to many corrosion environments, and 

have recrystallization temperatures below room temperature. Some common solders are lead–tin 

alloys, which have low melting temperatures. 

Applications for lead and its alloys include x-ray shields and storage batteries. The primary use of 

tin is as a very thin coating on the inside of plain carbon steel cans (tin cans) that are used for food 

containers; this coating inhibits chemical reactions between the steel and the food products. 

Unalloyed zinc also is a relatively soft metal having a low melting temperature and a suambient 

recrystallization temperature. Chemically, it is reactive in a number of common environments and, 

therefore, susceptible to corrosion. Galvanized steel is just plain carbon steel that has been coated 

with a thin zinc layer; the zinc preferentially corrodes and protects the steel. Typical applications 

of galvanized steel are familiar (sheet metal, fences, screen, screws, etc.). Common applications 

of zinc alloys include padlocks, plumbing fixtures, automotive parts (door handles and grilles), 

and office equipment. 

Although zirconium is relatively abundant in the earth’s crust, it was not until quite recent times 

that commercial refining techniques were developed. Zirconium and its alloys are ductile and have 

other mechanical characteristics that are comparable to those of titanium alloys and the austenitic 

stainless steels. However, the primary asset of these alloys is their resistance to corrosion in a host 

of corrosive media, including superheated water. Furthermore, zirconium is transparent to thermal 

neutrons, so that its alloys have been used as cladding for uranium fuel in water cooled nuclear 

reactors. In terms of cost, these alloys are also often the materials of choice for heat exchangers, 

reactor vessels, and piping systems for the chemical processing and nuclear industries. They are 

also used in incendiary ordnance and in sealing devices for vacuum tubes. 

 

 


