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Abstract— This  paper mainly focus on the properties of 

Tungsten carbide being a popular material for tools and dies 

and wear parts because of their property of resistance to 

wear. Unfortunately user that finds difficulty in matching 

the proper grade of tungsten carbide for proper application. 

They may also face problem when component fails during 

the operation. So this paper  provide the industry guideline 

for properties and failure analysis .Thus understanding the 
properties and what different circumstances can cause the 

failure can help users to pinpoint the problem and solve 

them. 
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I. INTRODUCTION  

Cemented Tungsten carbide is a composite material a 
mixture of either cobalt or nickel or hard carbides like WC, 

Mo2C, Tac (Tantalum carbide), chromium carbide Cr3C2, 

Vanadium carbide VC, etc. Cemented tungsten carbide 

offers great wear resistance due to the combination of hard 

materials particles and soft binder making tungsten carbide 

one of the oldest and most important powder metallurgy 

product having wide range of application like nozzles, 

cutting tools , seals in slurry pumps , drill bits etc. In WC 

wear properties are more important. The relation between 

hardness and modulus of elasticity, friction and wear can be 

investigated on Microstructure. However a deeper 

understanding of tungsten carbide failure and its remedies is 
more important. 

A. Manufacturing of Tungsten Carbides  

Basically consist of four steps Production of powder, 

Milling, Pressing the powder to get the required shape, and 

then presintering followed by sintering. 

Detailed process of manufacturing Mix carbon 
black, Tungsten carbide and metal oxides then heat the 

mixture until the carbon bonds with the tungsten, we get 

tungsten carbide powder. Mix this powder with Wax and 

cobalt then mix this very thoroughly using the ball mill. This 

gives us a final powder. Put the final powder in mould and 

pressed in to the desired shape then presenter the pressed 

component followed by sintering. 

 

II. PHASES OF TUNGSTEN CARBIDE 

Cobalt is the most commonly used binder for tungsten 

carbide because of its adhesion properties. Cobalt exists in 

two allotropic forms, the hexagonally packed form which is 
stable at temperatures below 4170c and the face centred 

cubic form which is stable up to a temperature of 1495o c, 

the melting point of cobalt  

Tungsten carbide tungsten combines with carbon to 

form two carbides WC which has a maximum micro 

hardness of 24 GPa and W2C with a micro hardness of 30 

GPa. Pure wc does not melt under standard atmospheric 

conditions, but decompose into a liquid phase and graphite 

above a temperature of approximately 27800 c as seen in the 

W-C phase diagram 

A. Diagram 

Micro structural features of WC-CO alloys the grain size of 

the WC powder used the amount of cobalt and the 

processing parameters such as the sintering time and 

temperature determine the microstructure are the WC grain 

size, cobalt contain, binder mean free path and contiguity. 

The WC grain size is defined as the mean linear intercept of 
WC phase and this can vary from ultra fine (200nm) up to 

coarse grained (5µm) 

 

B. Properties of tungsten carbide 

1) Extremely high compressive strength 

2) Rigidity – approximately 2.5 times steel and 5 time cast 

iron and brass  

3) High heat properties retention 

4) Impact Resistant about equal to hard tool steels. 

5) Oxidation resistance – app. 1000oF in oxygen and 
1500oF in vacuum or protective atmospheres. 

6) Cryogenic toughness and strength to app.45oF 

7) Twice as thermally conductive as steel. 

8) Electrical conductivity about that of steel. 

9) Hot hardness – hardness retention up to 1300F 

10) Lubricity-tungsten carbide can be polished to a 

relatively low friction surface. 

11) Wear resistance about 100times that of steel 

12) Dimensional stability. 
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C. Failures  

Failures can be metallurgical or mechanical manifest in 

either internal-stress or external-stress risers. 

Internal-stress problems stem from the creation of 

the material itself while, 

External-stress failures occur from use or initial 

fabrication  

Identifying the exact internal or external stress on 

tungsten carbide helps user better understand and trouble 
shoot material failure. 

Internal failure internal failure is caused by micro 

or macro porosity in the carbide 

Carbon deficiency A carbon deficiency, known as 

ETA phase, occurs if powder preparation and sintering are 

not performed properly. This is an intermediate phase of 

cobalt and tungsten carbide that causes embrittlement and 

the lower forms of carbides known as W2C.In the ETA 

phase, the cobalt binder is absorbed into the tungsten, 

creating areas of binder less carbide. 

The dark areas in the embrittled ETA phase show a 
carbon deficiency with no cobalt binder. In this condition, 

the tungsten can break like glass.  

 

D. Cobalt or Nickel 

Binder phase lacking is a pooling condition caused by 

improper mixing of powder and poor manufacturing 

process. This condition leads to premature component 

failure. 

 

Large Condition grain are grain agglomerates are caused by 

a poor milling process that produces high internal stresses in 

the form of soft spots in the carbides. These softs spots 
propogates throughout the tool or parts and cause it to break 

when the force is applied.  

 
Carbide grain clustering sometimes occurs when 

grain size and dispersion is not properly controlled in the 

manufacturing process .with this phenomenon grain tends to 

grow turning in to cluster which cause internal stress 

fracture of parts under the load. Grain cluster can cause 

internal failure stress fracture when carbide parts are under 

the load.  

 
Grain Clustering 

E. External Failure 

Micro Chipping is a micron size hard chipping of the 
carbide edges or surfaces .it can occur either when there is 

in sufficient cobalt. The chipping is so small it can’t be seen, 

leaves an edge that cannot support when chipping is found it 

means that the grade is too hard for the application.  

Macro chipping Hit defines a visual mechanical 

hard chipping of the carbide edge or surface. It is 

approximately 25mm or larger in size and distinctly more 

visible.  
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Micro and Macro Chipping 

Notching is a mechanical condition that is common 

with carbide .It is a fracturing of carbide at point load stress 

areas that leads to premature carbide failure. This is the 

prelude to micro and macro chipping. 

 
Notching 

Galvanic Corrosion another mechanism leading to 

components failure is caused by galvanic electrochemical 

cell that leaches cobalt binder from tungsten carbide die or 

wears part. It is Corrosion breaks the cobalt binder down in 

to solution, causing cobalt leaching. 

 
Galvanic Corrosion 

F. Adhesive wear  

Another external stress is frictional adhesion, a byproduct of 

temperature and pressure, which can occur on a tungsten 

carbide tool or wear part at the point where it impinges with 

the work piece. This cause tendency for the steel work piece 

to weld to the cobalt binder 

 

G. Application 

Widely used in Industries of textiles, steel, petrol, chemical, 

mining mechanical and electronics industries  

 Mining tools like buttons, Bits 

 Metal cutting tools, Inserts. 

 Blade, End Mills. 

 Drilling rods like Micro drills 

 Drawing dies 

 Sealing rings 

 Bush, Rollers.      

III. CONCLUSION 

In this paper a review is done on the failure of tungsten 

carbide hard metals. There is an important relationship 

between tungsten carbide grain size and binder percentage 

.Both must be precisely balanced to get the desired 

combination of strength, toughness, wear resistances and 
shock resistance for a given application. 
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