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INNOVACERA  Machinable Aluminium Nitride

Get Product Info Widely used for the semiconductor equipment and integrated circuits:

Hardness describes the resistance that a material exhibits to permanent indentation or marking by scratches. Hardness is not a
material property, rather a value ascribed to a material as a result of empirical testing.

There are six main hardness tests that can be carried out: Vickers, Rockwell, Brinell, Mohs, Shore and Knoop. Which one to apply
depends on the type of material to be tested and the equipment available. Most hardness tests involve using machinery that indents

the material over a certain time period, applying a predetermined force or loading.

This article will look at each type of hardness test independently, comparing the testing method, applications and the type of results

obtained.

Mohs hardness test
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The Mohs hardness test is one of the earliest attempts at defining and comparing the hardness of mineral materials. The Mohs scale
consists of values from 1 to 10, which correlate with the ability of the test material to withstand scratching by progressively harder
minerals. It is typically used for geological purposes.

The Mohs scale of mineral hardness is as follows:

* Talc

* Gypsum
* Calcite

* Fluorite

* Apatite

* Feldspar
° Quartz

* Topaz

e Corundum
e Diamond

The testing method itself is very basic and involves scratching the surface of the test material with another material similar to those
assigned in the scale above. The actual minerals are rarely used, particularly diamond, as it is expensive to procure.

For instance, a fingernail is often used to represent hardness scale 2.5 and a steel file for 6.5. The testing process involves starting at
the soft end of the scale and working through until one of the minerals/materials leaves a permanent indentation.

The results of the Mohs hardness test are not highly accurate as the applied force is not constant and the results are subjective.

Shore hardness test

The Shore test involves using a spring-loaded indenting machine to measure the hardness of a material. The Shore hardness test is
typically used to qualify and compare the hardness of polymers such as plastics or rubbers.
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There are two types of Shore scale used - A and D. They both use a different diameter for the needle-shaped indenter tip and are

applied to different types of material.

The indenting instrument used is known as a ‘durometer’, which includes a calibrated spring applying a defined and constant load.
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Type of material

Indenter tip
diameter (mm)

Applied Load

Soft polymers and

thermoplastics

Shore A elastomers, e.g. 0.79 822 g (1.812 Ib)
rubber
Hard polymers, e.g.
Shore D 0.1 4536 g (10 1b)

The results vary between a minimum Shore hardness of 0 to a maximum shore hardness of 100 which relates to zero penetration.

Brinell hardness test

The Brinell hardness test was the first standardised test to be widely used, especially on metals. It is defined in ASTM E10. The testing
process involves pressing a carbide ball indenter into the surface of the test material over a set period of time with a constant applied

force.

The most frequently used forces range between 500 kgf (typically used for non-ferrous metals) to 3000 kgf (typically used for steel).

The result of the testing process is a round indentation that can be measured and used along with the applied load to calculate a
hardness value. The disadvantages of the Brinell test are that it is slow compared to other methods and is destructive, leaving a large

indentation in the test sample.
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F ) Test force, in N

D Diameter
of the ball, in mm
<y

f Diameters of the indentation,
di, dﬂ in mm, in two directions

at right angles to each other

h Depth
of the indentation, in mm

Rockwell hardness test

The Rockwell test is probably the most commonly used hardness test today, mainly since it is the fastest and most accurate form of
testing. It is defined by the standard ASTM E18.
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There are three stages to the Rockwell hardness test. A preliminary load is applied by a diamond or ball indenter for a short period of
time. The preliminary load is then removed and the indentation is measured. The load is subsequently increased and applied, known
as the major load. The major load is then released, and the preliminary load re-applied for a short time. The indenter is removed and
the final indentation measured. The Rockwell hardness value of the material is calculated from the difference between the final and

preliminary indentation depth measurements.

Applied forces range between 15 kgf and 3000 kgf depending on the test material type.

Diamond indenter

Surface of test piece
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Position of indenter under
A preliminary test force before
application of additional

test force
B Position of indenter under
total test force

Position of indenter under
C‘ preliminary test force just after
removal of additional

test force

: Permanent depth of
h indentation under preliminary
test force just after removal of

additional test force

Elastic recovery
e ) just after removal of

additional test force
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Vickers hardness test

The Vickers hardness test is known as a ‘microhardness’ test, which means it is typically used for small or thin material sections.
Micro-indentation testing of materials is defined by ASTM E384.

The testing process involves using a diamond indenter to apply a light force to the surface of the material and the depth is measured
optically. Due to the small indentation, the surface of the material must be smooth and highly-polished.

The typical loading values range between 10 g to 1 kgf, although ‘macro’ loads are infrequently used that extend up to 30 kgf.
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F J Test force, in N
h J Depth of the

indentation, in mm
R

? - Length of the
dai, dﬂ diagonals

of the indentation, in mm

<

Knoop hardness test

Similar to the Vickers test, the Knoop hardness test is used on small and thin parts, using loads of 1 kgf or less.

The process is identical to the Brinell hardness test but uses a rhombus-shaped indenter and a microscopic measurement system.
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F J Test force, in N

h Depth of the
indentation, in mm

Length of the
' ViV short diagonal
of the indentation, in mm
=

/ 4 ' Length of the
> l ) long diagonal

of the indentation, in mm

Sources

* https://geology.com/minerals/mohs-hardness-scale.shtml

* https://willrich.com/understanding-different-types-hardness-tests/

* https://www.labtesting.com/services/materials-testing/mechanical-testing/hardness-testing/
* https://www.hardnesstesters.com/test-types/brinell-hardness-testing
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The main hardness tests and their most common applications include:

Try our hardness converter tool to convert values for different material categories and testing methods.

Mohs, for minerals
Shore, for polymers
Brinell, for metals
Rockwell, for metals
Vickers, for thin materials
Knoop, for thin materials

Q_ Materials

EN AW-6060 T5/T6

EN AW-6082 O/ H111

EN AW-6082 T4

CTUOS5E (cemented carbide)

Pure Molybdenum (Mo)
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Pure Tungsten (W)

Hardness: Vickers, Rockwell, Brinell, Mohs, Shore and Knoop - Matmatch

NEXTREMA® Transparent (724-3) Sheet

Applications

Fluid Systems

Pipelines

Metal Fittings

Automotive

Consumer Goods

Kitchen Equipment

Furniture

Decorative Trim

Mechanical Systems

Wear Parts

Food Industry

Food Industry Equipment

Glass & Ceramics

Equipment For The Glass & Ceramics Industries

Industrial Machinery

Fluid Storage

Pressure Vessels

Show all @

Manufacturing Energy Industrial Furnaces Surface Treatment & Coating Sputter Targets Solar Energy
Electronics Semiconductor Devices Construction Lighting Equipment For The Semiconductor Industry
Defense Domestic Commercial & Industrial Heating Appliances Heating Elements Healthcare

Medical Equipment

Welding

Welding Equipment

Electrical Engineering

Lamps & Related Equipment

Discharge Lamps

Additive Manufacturing

Refractories

Domestic Electrical Appliances

Heating Appliances
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We connect engineers, product designers and procurement teams with the best materials and suppliers for their job.
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