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Hardness
This is one of the most important properties of cemented carbide.  

although this property alone does not dictate the success of a carbide grade in a wear
application.  Hardness is determined by indenting a sample with a diamond penetrator
per ASTM standard B-294.  Hardness values for cemented carbide are usually
expressed in terms of Rockwell “A” or Vickers values.  Steels are measured in a similar
fashion and are expressed in terms of Rockwell ”C”.  Figure II-1 depicts the approximate
conversion of Rockwell “A” to “C”.  It can be seen that a D2 tool steel heat treated and
hardened to a Rockwell C value of 62 is still quite soft when compared to a 6% cobalt
binder grade of carbide with a value of 92 Rockwell ”A”.

Density

Density is determined according to the ASTM standard B311.  Since cemented carbide
is a composite material, and its constituent ingredients have varying individual densities,

.  Combining these materials in
various proportions creates variation in the density of the cemented carbides in line with
their composition.  A density of 14.5 g/cc is typical for a 10% cobalt binder material.  This
value is twice the density of a 1040 carbon steel, which is an important consideration
when weight is a factor in design.

 Rockwell “A”  Rockwell “C” 
 91.8-92.8  79.5-81.5 
 91.5-92.5  79.0-81.0 
 90.5-91.5  77.0-79.0 
 90.2-91.2  76.5-79.5 
 89.8-90.8  75.6-77.6 
 89.0-90.0  74.0-76.0 
 88.5-89.5  73.0-75.0 
 88.0-89.0  72.0-74.0 
 87.5-88.5  71.0-73.0 
 87.0-88.0  71.0-72.0 
 86.0-87.0  69.0-71.0 
 83.0-84.5  63.0-66.0 
 81.5-83.0  61.0-63.0 
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rather than a tensile test commonly used for steel.  The reason for this is that brittle
materials are extremely sensitive to misalignment of the tensile test apparatus and
sensitive to any notch or surface defect, which would cause a stress concentration and
lead to incorrect test results.  The transverse rupture strength (TRS) is determined by
placing a standard sample (per ASTM B-406, ISO 3327) between two supports and
loading it until fracture occurs, as shown in Figure II-2.  The value obtained is called the
transverse rupture strength or bending strength and is measured as the load that is
needed to fracture the sample.  This is shown as load per unit area, expressed in psi or
N/mm2.  Several tests are conducted and the value is taken as the average of all
observed tests because cemented carbide exhibits a range of fracture values caused by
the existence of micro-voids, inherent in all brittle materials.

The values for transverse rupture strength of cemented carbide grades that appear in
various suppliers’ properties charts are based on the above standard test and thus,
reflect the mechanical strength for this sample size only.  Many designers, even those in
the carbide industry, often regard the TRS values as the design strength value for a
grade and use it in designating which grade should work in a particular application,
expecting that value to hold true.  In reality, these values decrease as the size of the part
increases and the design strength value for larger pieces must be calculated due to the
size effect.  More on this in Chapter III.  The TRS values increase with increasing binder
content as shown in Figure II-3.

LOAD
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Another factor that affects the mechanical properties of cemented carbide, specifically the 
transverse rupture strength, is the grain size.  The effect of grain size is shown in the
chart below.  As grain size increases, TRS values increase and wear resistance decreases.
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The modulus of elasticity or Young’s Modulus (E) is a measure of the “stiffness” of a
material and is measured as the rate of change of tensile or compressive stress “σ“ with
respect to unit strain “є ” and is expressed as:

    E =    σ

              є

The Young’s Modulus for cemented carbide is as high as 94,000,000 psi (>650 kN/mm2)
and is 2 to 3 times higher than steel.  It increases linearly with decreasing binder
content.  This property of carbide is used to resist deflection and is extremely useful
when employing this material in a cantilever beam, such as a boring bar application.

This property is also one of the most important attributes of cemented carbide.  Ductile
materials under compression loading merely bulge or swell without fracture but a brittle
material will fail, due mostly to a shear fracture than true compression.  Cemented

material and the value increases with decreasing binder content and decreasing grain
size.  (Figure II-5) Depending on the grain size and binder content, values between
400K-900K psi (7 kN/mm2) are typical for cemented carbide.
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Finding exact solutions to impact problems can be extremely complex.  Formulae for
impact stresses show that stress varies directly with the modulus of elasticity hence,
cemented carbide, having a high modulus of elasticity, is not suitable for all impact
applications.  However, 

.  Transverse rupture is often mistakenly used
as a measure of impact resistance when, in fact, fracture toughness is a better indicator
of the ability of cemented carbide to withstand mechanical shock or impact.  Fracture
toughness varies according to grain size and binder content as shown in Figure II-6.

With the skillful use of design techniques, the impact energy imposed on the carbide can
be transmitted in many instances to a more ductile mating part, thereby allowing the use
of a higher wear resistant grade of carbide.  This utilizes the best characteristics of  
both materials.



w w w. generalcarbide.com

T H E  D E S I G N E R ’ S  G U I D E  T O  T U N G S T E N  C A R B I D E

When a material is subjected to repeated cycles of stress reversal or fluctuation, failure may  
occur even though the maximum stress is less than what would have caused a failure had the 
loading been constant.  Fatigue properties are determined by subjecting test specimens to 
stress cycles and counting the number of cycles to failure.  This usually results in a plot of values 
shown on an S-N diagram where failure stress is the Y axis and the number of cycles at which 
failure occurred is shown on the X axis.  Several large companies in the carbide industry have  
conducted such tests and have reported their findings.  Sandvik reports that the fatigue strength 
of cemented carbide under pulsating compression loading can be taken to be 65–85% of the 
static compressive strength at 2 x 106 cycles.  No definite fatigue strength limit, which corre-
sponds to an infinite life, has been found as in the case of steel and other metals.  

content.

.  This 
property is quite useful when shrink fitting a carbide die into a steel casing, which is described 
thoroughly in Chapter IV.  Compared to steel, WC-Co cemented carbides have values of  
approximately half that of ferritic and martensitic steels while the ratio is closer to 1:3 for auste-
nitic steels.  The value for CTE increases with increasing binder content as shown in Figure II-7 
and can be increased with the addition of alloying agents.
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Pure WC is  
.  Grain size has no noticeable effect 

on this property, however, the presence of titanium carbide or tantalum carbide additives will 
decrease the thermal conductivity factor significantly.

WC-Co cemented carbides have low electrical resistance with a typical value of 20 μΩ cm.   
Consequently, cemented carbide is a good electrical conductor having a value of about 10%  
of the copper standard.  This property is useful because it  

 as a fabrication tool for cemented carbide.  See more on this technique  
in Chapter V.

Cemented carbides show  due to the presence 
of the metallic binder phase, cobalt or nickel.  This property is useful in nondestructive testing of 
a piece of carbide to determine magnetic saturation and coercivity.

Low magnetic permeability is a characteristic of WC-Co cemented carbides that contain a  
ferromagnetic binder phase.  It increases with the cobalt content and the typical range of values 
is 1.01 to about 12 when the standard is considered a vacuum with a value of 1.  This property 
can be useful in abrasion resistant applications involving computer or disk drive media where 
magnetism would have a deleterious effect.  A low magnetic permeability is important in a  
compacting die for pressing magnetic powders.

More detailed information on corrosion resistance is presented in Chapter III but some
fundamental information is presented here.   

.  The binder material will leach from the surface 
of cemented carbide, leaving a skeletal structure, which is unsupported.  The carbide particles 
will then abrade away quite readily, exposing new surface area to be attacked.  When binder 
content is low, the carbide skeleton is denser.  Low binder grades show a slightly higher com-
bined wear and corrosion resistance than those grades with a higher binder content.

Straight WC-Co grades are corrosion resistant at neutral pH, which is a value of pH7.  This is also 
true for WC-Co grades that contain additives like titanium carbide (TiC), tantalum carbide (TaC) 
or niobium carbide (NbC).  Certain alloyed titanium carbide/nickel binder based grades possess 
the highest corrosion resistance down to about pH1.  When compared to straight WC-Co grades 
these grades are brittle and have inferior thermal conductivity.


