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Objectives

Describe the relative hardness and toughness of 
carbides. 
Describe a carbide. 
Describe the advantages of carbide tools. 
Identify common types of carbides. 
Describe the sintering process. 
Describe carbide coatings. 
Describe the strength of insert shapes. 
Describe carbide grade classifications. 
Describe the ANSI classification system. 
Describe the ISO classification system. 
Compare carbide classification systems. 
Identify machining advantages provided by carbide.

Figure 1. A variety of carbide inserts.

Figure 2. Magnified image of carbide with several 
coatings.
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The Importance of Carbide Tools

Without question, the most common cutting tool materials are the
cemented carbides, or simply carbides. You may also see these 
tools referred to as sintered carbides because these tools are 
manufactured by a sintering process. Almost every 
high-production machine shop relies on carbide inserts, such as 
those shown in Figure 1.

Figure 2 illustrates that carbide tools are effective "all-purpose" 
tools that combine hardness and toughness. These tools are 
particularly effective for machining the various grades of steel. 
This is not to say that carbides are the hardest or the toughest 
tools available. Many tools made from high-speed steel are 
tougher than carbide, and both ceramic and cubic boron nitride
tools are harder and more wear resistant. However, carbide tools 
are often the most efficient combination of these attributes for 
cutting most steels.

Figure 1. A variety of used carbide inserts.

Figure 2. The relationship between hardness and 
toughness.
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What Is Carbide?

All carbides are composites that combine ceramic particles in a 
metallic binder, as shown in Figure 1. Carbides exhibit the hardness of 
ceramics with the toughness of metals in one material. The ceramic 
particles in carbide are very small, but nevertheless they are very wear 
resistant. The metallic binder acts as a glue that holds these tiny 
particles together.

If you glue together a small pile of pebbles, you have created a 
composite. The pebbles are the hard particles, and the glue is the 
binder. However, with carbide materials, the ceramic particles begin as 
a fine powder. This powder is combined with the metallic binder to 
create a more uniform material; you cannot see the separate particles 
in carbide. The binder normally consists of only 5-15% of the actual 
material. You would potentially need a greater percentage of glue to 
hold the pebbles together. Figure 1. A microscopic view of carbide.
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Common Uses

In today’s high-production machine shops, carbide tools are used 
constantly. When this cutting material was first introduced during 
World War II, it was too brittle for most machines. Eventually, the 
methods for producing carbide tools improved, and the development
of more rigid machines provided a more sturdy setup and faster 
cutting speeds.

Figures 1 and 2 show carbide inserts for turning and milling. Because
carbide tools effectively balance toughness with hardness, they can 
be used for both continuous and interrupted cuts. This is a distinct 
advantage over other tool materials. For example, HSS tools are not 
hard enough to be effectively used for continuous cuts. Ceramics are
not tough enough for interrupted cuts. The balance of properties 
that carbide tools offer helps to explain their popularity. Nowadays, 
coated carbide tools are used to machine all sorts of steels, stainless
steels, and cast irons. Nonferrous alloys can be machined with 
carbides as well.

Figure 1. Single-point cutting tools.

Figure 2. A multi-point face mill containing six 
inserts.
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Types of Carbide Materials

The original carbide cutting tools contained tungsten carbide (WC), 
which used cobalt as the metallic binder. Tungsten carbide tools are 
very hard, but they tend to crater if they are used to machine steel. 
Figure 1 shows a crater that formed on the face of the tool.

Eventually, manufacturers developed carbide tools containing titanium
carbide (TiC), which is very effective at resisting cratering. Pure 
titanium carbide tools are not as hard as tungsten carbide. 
Consequently, cutting tools are also made that contain a combination 
of both carbides in order to blend hardness with crater resistance.

Nowadays, manufacturers produce tools containing all sorts of different
carbide combinations. Cobalt is still used as the metallic binder. A 
common carbide added to tools is tantalum carbide (TaC), which 
increases hot hardness. Other materials may be added as well. Figure 1. Craters may form on carbide tools.
Manufacturers are continually tinkering with various carbide recipes to 
create cutting tool grades with improved properties.
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Sintering Process

Carbide cutting tools are made by a process called sintering. 
Figure 1 illustrates the sintering stage in carbide production. 
During sintering, fine powders of carbide and binder metal are 
pressed together and heated. During this heating process, the 
metallic binder heats up and dissolves some of the carbide into 
the binder. The rest of the powdered carbide remains solid. As 
the material cools, the dissolved carbide precipitates back out
of the metallic binder and gradually cools into a solidified 
shape.

One of the key advantages of sintering is that it creates a tool 
with a very uniform composition. All materials in the cutting 
tool are evenly distributed. Keep in mind that the metallic 
binder only consists of approximately 5 to 15% of the tool. 
Hardened ceramic particles make up the rest. By increasing the
percentage of binder material, manufacturers can create a tool 
with greater toughness. If manufacturers decrease the binder 
percentage, they create a cutting tool with greater hardness 
but less toughness.

Figure 1. Sintering combines a carbide powder with a 
cobalt binder.
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Carbide Coatings

Carbide tools are available either coated or uncoated. About 85% 
of the carbide tools sold today are coated, mostly through 
chemical vapor deposition (CVD) or physical vapor 
deposition (PVD) processes. Figure 1 shows the three most 
popular carbide coatings:

Titanium nitride (TiN) increases crater resistance and 
reduces the friction between the workpiece and cutting tool.
2O . A common coating element for carbide tools because 3

it reduces abrasive wear of the tool.','ToolingU Glossary'); 
Aluminum return true;" onMouseOut="nd(); return true;">

oxide (Al O ) helps to prevent the abrasive wear of the tool 2 3

and allows higher cutting speeds. 
Titanium carbide (TiC) increases wear resistance and 
strengthens the bond between the coating and the material.

Other coating materials are used as well. Coated tools tend to be 
more brittle than uncoated tools. However, these special coatings 

Figure 1. Coating materials are layered on top of one can triple the life of the tool by increasing hardness and wear 
another.resistance and reducing friction. Most carbide tools combine three

or more layers of different coating materials, as shown in Figure 
2.

Figure 2. Modern carbides often have multiple 
coatings.
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Insert Shapes

Indexable inserts are designed in a variety of shapes and sizes to 
match the various cutting operations. Figure 1 illustrates the 
various insert shapes, from weakest to strongest. Weaker inserts 
are used for finishing operations; stronger inserts are used for 
roughing operations. As you can see, the strongest insert shape is 
circular. A weaker insert used for finishing often has a smaller 
insert angle.

The geometry of operations other than turning or boring are 
described differently. Figure 2 shows an insert that is used for 
threading operations. You can see the noticeable notch that creates 
the thread in the workpiece. If an insert is used in a milling cutter, 
the group of inserts will have its own unique geometry.

Workpiece material also dictates the shape of the insert. Cast alloys
can be machined by an insert with a plain face. However, various 
grades of steel will require a chipbreaker in order to prevent long, 
stringy chips from developing. Figures 3 and 4 compare inserts with 
and without a built-in chipbreaker.

Figure 1. Insert shapes, arranged weakest to 
strongest.

Figure 2. A threading insert creating a chip.
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Figure 3. An insert with a sintered chipbreaker.

Figure 4. A plain-faced insert without the 
chipbreaker.
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Carbide Grade Classification

As you can see in Figure 1, there is an incredible range
of carbide tool shapes and insert grades with varying 
material content for numerous types of machining 
operations. Unfortunately, such diversity has made 
the classification of carbide grades quite difficult. Two 
major classification systems are used by today’s 
manufacturers:

The ANSI classification system, which is also 
called the C-system. Carbides are designated by 
"Industry Code."
The ISO classification system, which uses the 
letters "P," "M," and "K" to distinguish various 
carbide grades. Carbides are designated by "ISO 
Standard Grade."

Both of these systems categorize the grades of carbide Figure 1. Carbide manufacturers offer inserts in an incredible 
tools according to their use. However, the actual range of styles and material grades.
content of carbide tools in a certain category may vary 
greatly. These classification systems are only meant as
general guidelines. The specific manufacturer of 
cutting tools will supply the more detailed information 
about carbide content, grades, and selection.
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ANSI Classification System

The ANSI system is also known as the C-system because every 
category includes the letter "C" in its designation. As you can see in 
Figure 1, this classification system divides carbide tools into two 
major categories:

C1 through C4 grades are best used to machine cast irons, 
nonferrous alloys, and materials yielding short chips. These 
tools contain tungsten carbide for improved wear resistance.
C5 through C8 grades are best used to machine the various 
grades of steel. These tools contain additions of titanium 
carbide and tantalum carbide to reduce cratering.

Within each of these two groups, carbide tools are ranked from 
roughing to finishing operations. C1 and C5 tools are best suited for 
roughing operations; C4 and C8 tools are best used for precise 
finishing operations. As tools approach the finishing grades, the 
amount of binder material decreases, the toughness decreases, and 
the hardness increases.

Figure 1. The ANSI system for carbide grade 
selection.
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ISO Classification System

The ISO classification system also categorizes carbide tools 
according to their use. However, this system consists of three major 
categories instead of the two categories of the C-system. Figure 1 
shows these major ISO categories:

P grades are best suited for the various steels. These tools 
operate at the highest speeds. Blue designates a P grade tool.
M grades are intermediate grades best suited for ductile irons,
harder steels, stainless steels, and high-temperature alloys. 
Yellow designates an M grade tool.
K grades are best suited for cast irons and nonferrous metals. 
These tools operate at the highest feeds. Red designates a K 
grade tool.

P grade carbide tools typically contain percentages of titanium 
carbide or tantalum carbide to prevent cratering. The K grade 
carbides often contain straight tungsten carbide for the most 
hardness.

Figure 1. The ISO system for carbide grade 
selection.
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Classification System Comparisons

Though the ANSI system uses two major categories and the ISO
system uses three broad categories, it is possible to draw some 
comparisons. Steel workpiece material demands its own tool 
category because of its tendency to cause cratering. 
Consequently, tools for machining steel contain additions of 
titanium carbide. However, TiC also reduces hardness. This is 
why tungsten carbide tools without TiC are most preferred when 
machining nonferrous metals or cast irons.

Figure 1 compares ISO grades to the matching ANSI carbide 
grades. At one extreme are tools containing only tungsten 
carbide. These are the hardest tools with less crater resistance. 
At the other end are carbide tools with additions of TiC and/or 
TaC. These tools offer improved crater resistance, but less 
hardness.

Keep in mind that the actual content of carbide tools within 
these categories will certainly vary from one manufacturer to 
another. Also, many manufacturers will attempt to create more 
general coated carbide tools that can conceivably fit in a range 
of categories.

Figure 1. ANSI grades can be roughly matched with 
ISO grades.
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Economics of Machining

The type of workpiece material, the type of cutting 
operation, and the selected cutting variables 
determine the most appropriate carbide grade. 
Almost every carbide manufacturer supplies 
information that assists in the selection of tool grade
and insert shape.

One of the distinct advantages of carbide tools is 
increased material removal. Carbide tools allow 
operators to run machines at high cutting speeds. In
fact, most carbide tools require higher speeds to 
perform successfully. Figure 1 shows a carbide tool 
being applied under these conditions. Though tools 
made of high-speed steel often cost less than 
carbide tools, the improved material removal rate of
carbide tools often makes them the most 
economical choice for many materials.

Figure 1. The proper carbide material permits faster feeds and Proper tool selection often requires a moderate 
speeds, which increase metal removal rates.amount of experimentation. Manufacturers are 

constantly producing new tool grades with various 
coatings and manufacturing methods. However, the 
best tool inevitably is the one that lasts the longest, 
encourages the fastest rate of material removal, and
costs the least per cut.
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Summary

Carbides combine the hardness of ceramics with the 
toughness of metals in one material. Carbide tools are
used to machine steels, stainless steels, and cast 
irons at high temperatures and fast cutting speeds.

Carbide tools are sintered. Tungsten carbide and 
titanium carbide are the most common forms of 
carbide. Tungsten carbide offers exceptional 
hardness, while titanium carbide provides crater 
resistance. Tantalum carbide can increase hot 
hardness. Cobalt is used as the metallic binder to add 
toughness to the tool.

Coatings such as TiC, TiN, and Al O  can help extend 2 3

tool life by increasing wear resistance, increasing 
crater resistance, and preventing abrasive wear.

The ANSI C-system classifies carbides into two major 
categories: C1-C4 for cast irons and nonferrous alloys

Figure 1. Carbides are often coated to reduce friction, increase and C5-C8 for steels. The ISO classification divides 
wear resistance, or prevent cratering.carbides into three groups: P for steels; M for ductile 

irons, stainless steels, and harder steels; and K for 
cast irons and nonferrous metals.

Carbide tools encourage increased metal removal 
rates and faster cutting speeds. In fact, most carbide 
tools require higher speeds to perform successfully. 
Proper tool selection often requires a moderate 
amount of experimentation.

Figure 2. The ANSI C-system has two major categories for insert 
materials.
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Figure 3. The ISO system divides insert materials into three 
groups based on different applications.
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Class Vocabulary
Term Definition

Al O . A common coating element for carbide tools because it reduces abrasive wear of the tool.aluminum oxide 2 3

American National Standards Institute. A private, non-profit organization that administers and ANSI
coordinates voluntary standards and systems. The C-system is an ANSI classification system for carbide 
tool materials.

A material acting as the medium that holds together the particles of a sintered material. Cobalt is the binder
most common binder for sintered carbide tools.

A joining process that is used to combine dissimilar metals at temperatures lower than welding.brazing
A compound developed by the combination of carbon with usually tungsten, titanium, or tantalum that iscarbide
used in metal cutting tools for its hardness and wear resistance.

A hard, brittle material that can withstand high temperatures. Cemented carbide tools contain very fine ceramic
ceramic particles.

A special process that uses chemical reactions at high temperatures to coat a cutting tool with fine layerschemical vapor 
of coating material. Carbide tools are coated by chemical vapor deposition.deposition
A feature designed to prevent chips from forming into long pieces. Most chipbreakers are grooves or chipbreaker
indentations that are part of the actual design and dimensions of the cutting insert.

A machine controlled by a computer that runs special programs driven by numerical data. CNC machines CNC machine
are very rigid and are capable of fast cutting speeds.

A shiny, grayish metal that is brittle and hard, with magnetic properties similar to iron. Cobalt is a cobalt
common binder for carbide cutting tools.

A material combining other materials from two or more of the following groups: metals, plastics, and composite
ceramics. Carbide tools are composites that combine metals and ceramics.

A depression that forms on the face of a cutting tool above the cutting edge during machining. A crater crater
is typically caused by diffusion as the chip works its way up the face of the tool.

A type of cutting tool material offering a hardness that is second only to diamond. CBN tools are very cubic boron 
effective at machining most steels and cast irons, but they are also very expensive.nitride
The ability of a metal to resist penetration and scratching.hardness
A common cutting tool material that is relatively inexpensive and that offers excellent toughness. Many high-speed steel
HSS tools are coated.

A cutting bit that has multiple cutting edges. Once a cutting edge is excessively worn, it can be indexed indexable insert
to another edge, or the insert can be replaced.

The angle formed by the two sides of the insert that join together at the cutting point.insert angle
The International Organization for Standardization. ISO establishes documented standards, rules, and ISO
guidelines to ensure that products, processes, and services are fit for their purpose.

An ISO category that includes carbide cutting tools best suited for machining cast irons and nonferrous K grade
metals and alloys.

An ISO category that includes carbide cutting tools best suited for machining ductile irons, harder steels,M grade
stainless steels, and high-temperature alloys.

A metal alloy that does not intentionally contain iron.nonferrous alloy
An ISO category that includes carbide cutting tools best suited for machining a variety of steels.P grade
A special process that bombards the surface with coating material to produce fine layers of coating. physical vapor 
Carbide tools are coated by physical vapor deposition.deposition
To separate as either a solid from a liquid solution, or a liquid from a gaseous solution.precipitate
The heating and pressing of powdered metal to create a solid shape. Sintered metals create very uniformsintering
contents.

A more recent material used in carbide cutting tools that offers improved hot hardness and reduced tantalum carbide
thermal deformation.

TiC. A material used to make carbide cutting tools that offers improved chemical stability and crater titanium carbide
resistance.

TiN. A common coating element for high-speed steel and carbide tools because it reduces friction.titanium nitride
The ability of a metal to absorb energy without breaking or fracturing.toughness
The original carbide tool material. Tungsten carbide offers excellent hardness. However, it is somewhat tungsten carbide
expensive and tends to crater when machining steel.

The ability of a metal to resist the gradual wearing away caused by abrasion and friction.wear resistance
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