Apex Superlube® and Density Gradient Elimination 

Density gradients are a result of non uniform density inside of a part due to variation less friction at different locations, internally and at the die wall. The non uniform nature is rather predictable (see attached diagram). Upper edges are denser, progressing toward the center the density will be the lowest on the surface. A low density “center line” is accepted as a norm in the industry, therefore formulations with minimal shrinkage or no shrinkage at all so that during sintering are commonly used so that the final part size are predictable.

Let’s explore the causes. Poor efficiency of lubrication is the primary reason that density gradients exist. All conventional solid lubricants Zinc Stearate, Acrawax and Kenolube do not eliminate gradients unless the part is very small. These lubricants cannot allow uniform transmission of force through the powder column with taller parts and therefore gradient build from edge to middle and from top to middle.

Let’s explore Apex Superlube®. Apex Superlube® transforms from a solid to a viscous liquid under shear stress. By using a calculated formula that takes into account volume at target green densities, we can obtain semi hydrostatic conditions (98 to 99.5% of volume at target density). This is a key concept in that this set of conditions allows for uniform transmission of force in the compact. It also allows for side to side movement to find the best fit of the metal particles. Another key concept is the amount of solids that a mix has relative to the base metal. In general the more solids, the more difficult it is to get rid of gradients. Since Apex Superlube® turns from a solid to a viscous liquid, the ratio of Superlube® to other non base metal solids becomes important and can be calculated to facilitate movement and predict the lack of gradients. The last important factor is that the metal has to allow for sufficient movement and particle rearrangement to take place. This can be predicted by green density. In summary the important criteria are:

1) Superlube® gives rise to uniform force transmission in the compact.

2) Superlube® can allow for side to side movement of metal particles.

3) Calculation of the ratio of non base metal solids to Superlube® can predict sufficient movement

4) Green Density needs to be 7.1 g/cc or greater to get sufficient movement in the metal to get a gradient free part.

There are many examples of Apex Superlube® allowing the customer to minimize or eliminate gradients. Not all formulas lend themselves to gradient- free parts. Typically high graphite and high additive levels of alloying elements are the most troublesome for gradient free parts. Apex can calculate a formula and let you know ahead of time and in some cases alternatives can be recommended.
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