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DENSITY DEVELOPMENT IN CONVENTIONAL POWDER METALLURGY and the Role Apex Superlube® can  play

Apex hears from many clients that report they cannot press more than 40 - 45TSI. Others believe that anything over 6.8g/cc or 7.0g/cc will break the tools. Most tooling engineers will report that tools will take 70 TSI . There seems to be a disconnect between tool design and reality. Most clients have developed the rules for good reason. They have broken expensive tools.  Apex has found that the disconnect is due to variations in compressibility of different base formulations and ineffective lubrication. When the movement in the metal compact stops, the TSI can go to 70TSI in an instant. However, when the compact movement does not stop, and the force can be transmitted uniformly into the compact, the limitations become the formula itself. Under these conditions, the only reason to come close to a tool breakage situation is if one tries to reach a density greater than 100% in the compact concidering the metal, lube, and other components. Apex has experienced situations where clients are now understanding and utilizing this new rule, have eliminated the old rules and are now pressing parts up to 7.4g/cc. The following write-up will attempt to  explain the mechanism and improve its understanding.

Compacting pressures need to be increased as parts become thicker or longer in typical or conventional pressing situations. This condition results because a percentage of the pressing forces are absorbed by the densifying powders at each incremental level away from the pressing member and by die-wall friction, which causes the densifying material to resist compacting pressures as this increasing frictional component overcomes the material's ability to slide along the vertical tooling surfaces.

The amount of absorption is not the same from one material to another – perhaps to no others.  The conditions which affect this and result in differences among materials include:


1.   Compressibility of the base material

Different methods of manufacturing powders, composition and subsequent treatments given them produce different levels of compressibility


2.   Compressibility and percentages of any admixed alloying ingredients

Some metallic ingredients in admixed powder grades will have better compressibility levels than the base metal, while others will have worse.  As the percentages of these materials change, so will the pressed density with a given pressing pressure.


3.   Percentage of admixed graphite

Graphite has a different compressibility than do the base materials with which it is admixed. It also has a much lower specific gravity. It takes up space in the green compact, and, therefore, restricts density development. 

4.   Lubricant type and percentage

Like graphite, lubricants also have different levels of compressibility and much lower specific gravities than do the metal components in a mixture.  They take up space, and, therefore, restrict some density development. Lubricants also have different degrees of efficency at the interface of the compact and die wall.      

            5.   Die and core rod material/s

Tool steels, sintered iron-base tooling materials and tungsten carbide have different frictional coefficients.  Consequently they will each exhibit different levels of die-wall-friction.


6.   Tooling surface finishes

The better the finish on tooling surfaces, the easier the powders will slide against them.

Because the effecting variables can change from one time to another, it is virtually impossible to predict with precision what the rates of pressure absorption will be without a new way to look at the problem.  

Apex Advanced Technologies has developed its Superlube®, a product that transforms from a solid to a viscous liquid as shear stress is applied. It is then possible – with a calculated formula – to press to near hydrostatic conditions (98-99.5% of volume at target density). Near hydrostatic conditions in the compact change the rules relative to density development and the density achievable.  For illustrations see below: 
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Figure 1-Schematic illustrates a typical green part cross-section when the material making it was pressed with a conventional type and percent of powder lubricant.  It illustrates how density quickly builds up against the faces of the pressing members.  It further illustrates the density increase at the external corners where the powder interfaces with the die resulting from die-wall friction.  Further, one sees a neutral-zone in the center of its length with wider, lower density regions at the die wall resulting from powders being entrapped by friction at the upper and lower ends, which limits their ability to transmit the pressing forces as they should.

Figure 2- Schematic illustrates a similar part.  It shows one pressed using the Superlube® powder lubricant.  Here one sees a representation of a pressed body having uniform density development over its entire length.

Each of the parts in the above schematics has the same average green densities.

Now, examine the mechanisms involved.
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Other Effects Derived With This Lubricating System:  

1.   Increased green density.  Since there is no longer the same resisting effects from die-wall friction build-up – nor that of the interparticulate friction, the same – or less – pressing force will produce higher green densities.  Not only will they – or can they – be greater, they will be uniformly distributed over the full length of the part.

2.   Lesser tonnage is usually needed to achieve the desired green densities.  Therefore, a lesser tonnage press can often be used to press a part requiring a larger one with conventional lubricating systems.

3.   Less difficulty in lubricant removal in the sintering furnace.  Since there is approximately half as much lubricant used there will be less of it to be removed.  Besides that, some of it has been flowed out onto the parts' outer surfaces where they can be removed very easily. The lubricant also has a staggered de-composition, which further facilitates easy removal.

4.   Surface pore retention.  The complete removal of vaporized lubricant is an easy activity since the die walls are so well lubricated, there is little smearing over of surface porosity, and the near hydrostatic conditions keep internal porosity open. 

5.   Improved infiltrant entry.  With the retention of surface porosity, along with there being uniformity of it over the full length and other outer surfaces as well as an open internal lattice of porosity, infiltration is greatly enhanced both from its ease of entry standpoint as well as the uniformity of the available capillaries.

6.   Green fractures disappear.  Because the density is uniform, and because the die walls are so well lubricated, much of the cracking disappears – especially those cracks that are caused by material laminating both during pressing and during ejection.

7.   Increased green strength.  With the absence of the internal lubricants filling pores and in the particle boundaries – as would have been seen with conventional lubricating systems – green strength is greatly enhanced.

8.   Improved mechanical properties.  The development of uniform densities over the full length of parts improves their mechanical properties.  This is at least partly due to there being no low-density regions in the parts.

9.   Lower ejection forces required.  Ejection forces, both breakaway and sliding, are reduced due to the excellently lubricated tool surfaces.  

10. Part size concerns are diminished.  Part size is less of an issue with this type of lubricant since the process is dependent on the physics of a viscous liquid moving as shear stress is applied; either big or small, the mechanism works the same.  
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Conventionally pressed part, using 0.75% Acrawax, showing density build-up near punch faces and effects of die-wall friction.
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Part pressed using  Superlube® 


illustrating uniform pressed density and no effects from die-wall friction.








Standard Fill Depth for Part








Conventional Pressing – 0.75% Lube 


Upper Punch has begun to press powder.  Initially the individual powder particles begin to deform and also attempt to squeeze between others alongside and/or beneath themselves.  As they do they cause others to move sideways resulting in a general flow of material somewhat horizontally.  When these particles encounter the vertical tool surfaces they can move no further.  They bunch there, unable to move downward – or move with difficulty due to die-wall and inter-particulate friction.  The typical lubricant system cannot properly provide the level of help needed to cancel the frictional condition at the tooling surfaces.  


Those against the die walls have such frictional attraction that they cannot transmit the pressing forces beneath them to other particles to the same degree as do those that are away from the tool surfaces.  The dry lubricant particles also begin to compress in the vacancies between the metal particles further resisting the movement and deformation of their neighbor particles.


Much of the available energy is absorbed in these stages of pressing, reducing the available forces, to some degree, at each level away from the punch faces.   
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Conventional Pressing – 0.75% Lube 


Upper Punch has closed off die.  Compacting has not yet begun.

















Pressing with Superlube®





Punches are exerting pressure against powder column.  This results in the Superlube® transforming from a dry powder to a viscous liquid.  With this change it begins to flow away from the descending and deforming metal powder particles.  This activity results in some of the lubricant (about 0.05% or more) moving against the tool surfaces and coating them with a film of high lubricity material.  As a result the die-wall friction that occurs with conventional lubricants no longer exists, and the powder interfacing the tool surfaces can easily slide down transferring the full effects of the pressing force to the particles below.


The liquid lubricants also fully coat the particles allowing them to see a great reduction in the inter-particulate friction.  This coupled with a near hydrostatic pressure condition permits the full energy forces to be transmitted completely through the powder column resulting in uniform density development over the full length of the part.
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Pressing with Superlube®


Initial powder arrangement is same as in figure 3.  What is not shown is the reduction in volume of the dry lubricant. 


Upper Punch has closed off die.  Compacting has not yet begun.

















