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1. Tool Materials 

 

✓ Cutting tool materials are materials that are used to make cutting tools that are used in machining (drill 

bits, tool bits, milling cutters, etc.) but no other cutting tools like knives or punches. 

✓ Cutting tool materials must be harder than the material of the workpiece, even at high temperatures 

during the process. 

✓ The following properties are required for the cutting tool 

• hardness, hot hardness (hardness at high temperature)  

• bending strength and toughness 

• wear & abrasion resistance 

• oxidation & chemical resistance 
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1.1 Different Cutting Tool Materials  

Most common engineering materials used in tool making are: 

a) Carbon Steel Tool: 

Carbon Steel is widely used for machining soft materials like, Magnesium, Aluminum, Wood etc. It contains 

carbon, silicon and magnesium as its constitute.  This material used for making hand drills narrow blade, taps, 

dies, chisels etc. Its cutting speed is about 10 mm and highest temperature up to which it can work is 200 – 250 

degree centigrade. 

b) High Speed Steel (HSS): 

High speed steel is very common tool material which is an alloy of steel tungsten, Chromium and Vanadium. It 

contains 18% Tungsten, 4% Chromium and 1% Vanadium. This material is deep hardening and can be quenched 

in oil, air or salt. It has highest toughness. Its cutting speed is about 30 – 50 mmm. It can work up to 650 degree 

centigrade. 

c) Cemented Carbide Tool: 

It is made by powder metallurgy technique.  In this material, cobalt acts as binding material.  

Its highest speed up to which it can work is about 60-200 mm and its working temperature limit is up to 1000-1200 degree 

centigrade. All carbides when finished are extremely brittle and weak in their resistance to impact and shock loading. 

That’s why vibrations are very harmful for carbide tools. 

d) Ceramics: 

This tool is combination of silicon carbide and aluminum oxide. It is also made by powder metallurgy. 

It cannot work at low speed. This tool material has very high abrasion resistance and hard compare to cemented carbide 
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tool. It is particularly used for machining cast iron and high tensile steel with higher cutting speed compare to cemented 

carbide tool.  Its highest working temperature is about 1400 degree centigrade. Its cutting speed is about 300 – 600 mm. 

e) Cubic Boron Nitride 

It is the second hardest material after diamond. It is not a natural material. It consists of atoms of nitrogen and boron. This 

has high hardness and high thermal conductivity. CBN is chemically inert and is used as a substitute of diamond for 

machining steel. It is mostly used as abrasive in grinding wheel.  Its highest cutting speed is about 600 – 800 mmm. 

f) Diamond 

Diamond is a highest known hard tool material on the earth. It has good thermal conductivity, low thermal expansion and 

low friction coefficient. It’s cutting speed is about 1500 – 2000 mmm. It is used for machining hard material like hard 

carbide, nitrides etc. It is mostly used to machining nonferrous material. 

g) SiAlON 

SiAlON ceramics are a specialist class of high-temperature refractory materials, with high strength at ambient and high 

temperatures, good thermal shock resistance and exceptional resistance to wetting or corrosion by molten non-ferrous 

metals, compared to other refractory materials such as, for example, alumina. A typical use is with handling of molten 

aluminium. They also are exceptionally corrosion resistant and hence are also used in the chemical industry. SiAlONs also 

have high wear resistance, low thermal expansion and good oxidation resistance up to above ~1000 °C.  

SiAlONs are ceramics based on the elements silicon (Si), aluminium (Al), oxygen (O) and nitrogen (N). They are solid 

solutions of silicon nitride (Si3N4), where Si–N bonds are partly replaced with Al–N and Al–O bonds. The substitution 

degrees can be estimated from the lattice parameters. 
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2. Steel 

✓ Steel is an alloy made up of iron with typically a few tenths of a percent of carbon to improve 

its strength and fracture resistance compared to other forms of iron. Many other elements may be present or 

added. 

✓ The carbon in typical steel alloys may contribute up to 2.14% of its weight. 

2.1 Advanced Steel 

a) Case Hardening Steel 

✓ A tough core and a hard case are the desired attributes of case-hardened steel components. 

✓ Case-hardening steels have a relatively low carbon content mostly ranging between 0.10 and 0.30%. They are 

intended for case hardening, a special variant of hardening. It consists of the process steps carburizing, hardening 

and tempering. 

✓ A diffusion process is used to introduce carbon into the surface layer up to a C content of approx. 0.8%. The surface 

hardness and the properties of the core are obtained by hardening and tempering. This process leads to a hard, 

wear-resistant surface layer, while the core is comparatively tough, which enables the steel to withstand impact 

stresses without fracture and lends it a high resistance to wear. 

✓ Case-hardening steel is used in automotive engineering as well as in mechanical and plant engineering for parts 

such as cardan shafts, coupling parts, gears and bolts. 

b) Cold Work Tool Steel 

 

✓ Cold work tool steels are high carbon steels containing smaller amounts of manganese, tungsten, molybdenum, 

and chromium. They have good dimensional stability and hardenability. They are further classified into three 

subgroups: Air-hardening steels, High-carbon, high-chromium steels, Oil- hardening steels. 

✓ The applications of the oil-hardening cold-work steels are as follows: 

• Shear blades, draw dies, stamping dies, coining tools, and burnishing tools. 

• Trimming, blanking, flanging, drawing, and forming dies and punches. 

• Machinery components and gages in order to achieve good dimensional stability and wear resistance 

properties. 

• Blanking and piercing dies, gages, forming and banding rolls, shears, mandrels, lathe centers, reamers, 

broaches, threading dies, taps, and knurling tools. 

• Molds for wire cutting, rolling cutters, wheels, screw molds, and drawing dies in screw industry, and 

shaping wheels in steel tube industry. 

 

c) Hot Work Tool Steels 

https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Iron
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https://en.wikipedia.org/wiki/Fracture_toughness
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✓ Hot work tool steels are steels capable of withstanding high abrasion, heat and pressure conditions that prevail in 

manufacturing units that perform processes such as forming, shearing and punching of metals at high 

temperatures of 480 to 760°C (900 to 1400°F). 

✓ In general, hot-work steels are of the medium and high-alloy type and most of them has relatively low carbon 

content (0.25 to 0.6%). Hot work steels should have the following physical characteristics: 

• Resistance to deformation at the working temperature. 

• Resistance to shock. 

• Resistance to wear at the working temperature. 

• Resistance to heat treating deformation. 

• Resistance to heat checking. 

• Good machinability in the annealed condition. 

d) High-Speed Steel 

 

✓ High-speed steel is special alloy steel which is obtained by alloying tungsten, Chromium, Vanadium, Cobalt  

and molybdenum with steel. 

✓ HSS is an alloy of 18% tungsten, 4% chromium and 1% Vanadium  

✓ This term is descriptive of their ability to cut metals at 'high speeds'. 

✓ It is superior to the older high-carbon steel tools used extensively through the 1940s in that it can withstand higher 

temperatures without losing its temper (hardness). This property allows HSS to cut faster than high carbon steel, 

hence the name high-speed steel. 

✓ The main use of high-speed steels continues to be in the manufacture of various cutting tools: drills, taps, milling 

cutters, tool bits, hobbing (gear) cutters, saw blades, planer and jointer blades, router bits, etc., although usage 

for punches and dies is increasing. 

 

3. Cast Iron 
✓ Cast iron is a class of iron–carbon alloys with a carbon content more than 2%. 

✓ Carbon percentage varies from 2 to 4 percent along with varying amounts of silicon and manganese and traces 

of impurities such as sulfur and phosphorus. It is made by reducing iron ore in a blast furnace. 
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Aspect Steel Cast Iron (CI) 
Definition Alloy of Fe & C; %C is less than 2% Alloy of Fe & C; %C is more than 2% 

Furnace Electric Cupola 

Hardness Less More 

Ductility More Less/Brittle 

Wear Resistance Less More 

Vibration Damping Less More 

Compressive Strength Less High 

Tensile Strength High Low 

Castability Low High 

Machinability Low High 

Melting Point High Low 

Cost High Low 

 

3.1 Malleable Cast Iron 
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3.2 Gray Cast Iron 
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4. Powder Metallurgy 
✓ Powder metallurgy (PM) is a metal processing technology in which parts are produced from metallic 

powders. 
✓ In the usual PM production sequence, the powders are compressed into the desired shape and then heated 

to cause bonding of the particles into a hard, rigid mass. Compression, called pressing. 
✓ The heating treatment, called sintering, is performed at a temperature below the melting point of the metal. 
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4.1 Making Metal Powder 

The first step in the overall powder metallurgy (PM) process is making metal powders. There are four main processes used 

in powder production: solid-state reduction, atomization, electrolysis, and chemical. 

Solid-State Reduction 

In solid-state reduction, selected ore is crushed, typically mixed with carbon, and passed through a continuous furnace. In 

the furnace, a reaction takes place, reducing the carbon and oxygen from the powder, that leaves a cake of sponge metal 

which is then crushed, separated from all non-metallic material, and sieved to produce powder. Since no refining 

operation is involved, the purity of the powder is dependent on the purity of the raw materials. The irregular sponge-like 

particles are soft, readily compressible, and give compacts of good pre-sinter ("green") strength. 

Atomization 

In this process, molten metal is separated into small droplets and frozen rapidly before the drops come into contact with 

each other or with a solid surface. Typically, a thin stream of molten metal is disintegrated by subjecting it to the impact 

of high-energy jets of gas or liquid. In principle, the technique is applicable to all metals that can be melted and is used 

commercially for the production of iron; copper; alloy steels; brass; bronze; low-melting-point metals such as aluminum, 

tin, lead, zinc, and cadmium; and, in selected instances, tungsten, titanium, rhenium, and other high-melting-point 

materials. 

Electrolysis 

By choosing suitable conditions, such as electrolyte composition and concentration, temperature, and current density, 

many metals can be deposited in a spongy or powdery state. Further processing—washing, drying, reducing, annealing, 

and crushing—is often required, ultimately yielding high-purity and high-density powders. Copper is the primary metal 

produced by electrolysis but iron, chromium, and magnesium powders are also produced this way. Due to its associated 

high energy costs, electrolysis is generally limited to high-value powders such as high-conductivity copper powders. 

Chemical 

The most common chemical powder treatments involve oxide reduction, precipitation from solutions, and thermal 

decomposition. The powders produced can have a great variation in properties and yet have closely controlled particle 

size and shape. Oxide-reduced powders are often characterized as "spongy," due to pores present within individual 

particles. Solution-precipitated powders can provide narrow particle size distributions and high purity. Thermal 

decomposition is most often used to process carbonyls. These powders, once milled and annealed, exceed 99.5% purity. 
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4.2 Blending and Mixing of The Powders 

✓ Blending refers to when powders of the same chemical composition but possibly 

different particle sizes are intermingled. Different particle sizes are often blended to reduce 

porosity.  

✓ Mixing refers to powders of different chemistries being combined. An advantage 

of PM technology is the opportunity to mix various metals into alloys that would be difficult 

or impossible to produce by other means. 

✓ Other ingredients are usually added to the metallic powders during the blending and/ 

or mixing step. These additives include (1) lubricants, such as stearates of zinc and 

aluminum, in small amounts to reduce friction between particles and at the die wall during 

compaction; (2) binders, which are required in some cases to achieve adequate strength in 

the pressed but unsintered parts; and (3) deflocculants, which inhibit agglomeration of 

powders for better flow characteristics during subsequent processing. 
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5. Non-Ferrous Alloys 
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