The basics of near full density and high performance lean alloys

In 2007 Apex Advanced Technologies in conjunction with Engineered Pressed Materials announced that near full density P/M parts could be made (ref. Metal  Report, July/Aug No7 2007). 

It has been the desire of the powdered metal industry to achieve full density for many years. This objective has been referred to as the Holy Grail of powdered metal. Full density takes away the biggest shortcoming of powdered metal, being good enough for some applications but not as good as wrought.  Four basic criteria must be met to have a chance to achieve this goal.

Particle Intimacy- Basically the closeness of the particles has to be a prerequisite. If we depend on sintering, the necking of particles is the most efficient if they are the closest together. To get particles to be the closest together we need to have a system that allows for rearrangement of particles as the pressing action takes place. To accomplish this we use a lubricant that changes from a solid to a liquid with shear stress, the energy developed in the press. This allows for movement of particles during the complete pressing cycle, therefore achieving best fit. Another criterion is predicting when you achieve best fit. Best fit can be calculated based on total achieved volume. The components - iron, alloying additives, lubricant, and other additives - can be projected to give a volume at density and to know where the best closeness will be achieved and to what green density a part will need to be pressed.

Gradients- The elimination of density gradients in the green part is also a prerequisite. Many would think of this as die split which would be inclusive of the problem. Non- uniform shrinking would stop any full density project, since shrinkage during sintering will follow the green density. The higher the green density, the higher the sintered density, the lower the green density, the lower the sintered density. If this is happening in the same part in different areas severe distortion will occur and render a part useless. Several conditions have to be met to get rid of gradients which center around the use of Apex Superlube for these applications. 
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 obtain sufficient movement in the metal to result in a gradient free part.

Surface Cleanliness-Ideally we would like to have no oxides present on the surface of the iron particle. Most common grades of metal powder have between 1000-2000ppm as oxygen present as iron oxides. It is well known that oxides inhibit sintering efficiency. The Apex near full density system has an in situ cleaning step built in as part of the chemistry and process. This step efficiently removes the major amount of oxides leaving a clean reactive surface at the last possible point in time before sintering.

Liquid Phase- The final step in the process is to have sufficient additives in the process to promote formation of a critical volume of liquid phase which along with intimacy, gradient free green compacts and clean surfaces can cause the compact to knit together. It is ideal to create the liquid phase faster than it can diffuse thus giving an ideal situation for a part to go to full density. Other mechanisms of liquid phase can also work efficiently with this set of conditions.

Summary- Full density parts can be made that are dimensionally stable and have superior physical properties to wrought steels and forgings. This is due to higher purity of powdered metal and alloy content that is generally higher than wrought or forging but lower than traditional P/M. A wrought heat treating process will be needed to obtain maximum properties.
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