
Unlocking the Secrets of Hardmetals:
Structure, Properties, and Applications
Welcome to the world of hardmetals, a fascinating class of materials that blend
the exceptional hardness of metals with the superior properties of ceramics. In
this article, we will delve deep into the structure, properties, and applications of
hardmetals, providing you with a comprehensive understanding of their unique
characteristics and how they are changing the landscape of various industries.

A Brief Overview

Hardmetals, also known as cemented carbides, are composite materials made up
of hard carbide particles embedded in a metallic binder. The most common
carbide used is tungsten carbide (WC),which is combined with a cobalt (Co)
binder. Other carbides such as titanium carbide (TiC),tantalum carbide (TaC),and
niobium carbide (NbC) are also utilized to customize the properties of hardmetals
based on specific industrial requirements.

Due to their unique structure, hardmetals exhibit exceptional hardness, high wear
resistance, and impressive strength, making them ideal for applications that
demand extreme durability. The structure of hardmetals consists of hard carbide
grains dispersed in a binder matrix, creating a strong and rigid composite. The
binder phase acts as a binder and provides toughness and ductility, while the
carbides contribute to the high hardness and wear resistance.
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Understanding the Structure

The microstructure of hardmetals plays a crucial role in determining their
properties. The carbide grains can vary in size and shape, affecting parameters
such as hardness, toughness, and fracture behavior. The distribution of the
binder phase is also essential in controlling the mechanical properties of
hardmetals. A uniform dispersion of the binder results in improved toughness,
while an uneven distribution can lead to weakened areas and increased
susceptibility to cracking.

Advanced techniques such as electron microscopy, X-ray diffraction, and
computational modeling are employed to study and optimize the structure of
hardmetals. These methods allow researchers to analyze the grain size, grain
boundaries, phase distribution, and defects, ultimately leading to improved
understanding and control of the material's properties.

Impressive Properties

Hardmetals possess a range of exceptional properties that make them
indispensable in various industrial applications:
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High Hardness: Hardmetals are renowned for their outstanding hardness,
often surpassing that of traditional tool steels. This property makes them
ideal for cutting tools, drills, wear-resistant parts, and mining equipment.

Superior Wear Resistance: The hard carbides present in hardmetals offer
excellent resistance to abrasive wear, ensuring prolonged tool life and
reduced maintenance costs.

Exceptional Strength: Hardmetals exhibit impressive strength, allowing
them to withstand high forces and pressures without deformation or failure.
This property is advantageous in metal forming dies and wear plates.

Good Thermal Conductivity: The metallic binder phase in hardmetals
provides efficient heat dissipation, making them suitable for applications
involving high-speed machining and metal cutting.

Chemical Stability: Hardmetals are highly resistant to chemical
degradation, enabling their use in aggressive environments such as drilling
for oil and gas.

Applications in Various Industries

The unique combination of properties offered by hardmetals has opened up
opportunities for their application in a wide range of industries. Some notable
applications include:

Manufacturing and Machining: Hardmetals are extensively used in the
manufacturing sector for machining operations, including cutting, drilling, and
milling. They have significantly improved productivity and reduced machining
costs.

Mining and Construction: Hardmetals find widespread usage in mining
tools, rock drilling equipment, and cutting tools for excavation. Their



exceptional wear resistance ensures durability and longevity in harsh mining
conditions.

Aerospace and Defense: Hardmetals play a critical role in aerospace
applications, where high-performance cutting tools, engine components, and
armor-piercing projectiles require exceptional hardness and strength.

Oil and Gas: Hardmetals are utilized in drill bits, drilling tools, and wear-
resistant components for oil and gas exploration. Their resistance to high
temperatures and abrasive environments makes them an ideal choice.

Automotive: Hardmetals find application in the automotive industry for
machining engine components, cutting tools, and wear-resistant parts. Their
superior properties contribute to improved efficiency and durability.

Hardmetals, with their unique structure and impressive properties, have
revolutionized several industries by providing unparalleled hardness, wear
resistance, and strength. From manufacturing and aerospace to mining and
automotive, the applications of hardmetals are continually growing, driven by the
need for enhanced performance and durability. As research and technological
advancements continue, the potential of hardmetals in various industries is
poised to expand further, making them an indispensable material for the future.
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This book embraces the entire range of problems associated with phase
equilibria in “tungsten – carbon” binary system and related ternary systems,
nonstoichiometry, disorder and order in different tungsten carbides, electronic and
crystal structure of these carbides.
The main application of tungsten carbides is constituent in hardmetals for cutting
tools. In the last 20 years, the most active efforts were made in synthesis and
application of nanocrystalline tungsten carbide for the production of
nanostructured hardmetals. The present book describes in detail different
methods for production of nanocrystalline tungsten carbide. The peculiarities of
sintering of Co hardmetals from nanocrystalline powders having different particle
sizes are discussed. Materials scientists using tungsten carbide to create novel
superhard and tough materials will find this book particularly useful.
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