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Uniaxial & Cold Isostatic Pressing
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Objectives

This experiment is designed to introduce the basics of dry pressing to laboratory students.

Introduction

Pressing is a common forming process in the industrial world for the production of simple uniaxial parts.  Pressing includes not only the forming of a powder into the desired shape, but the consolidation of that powder into a handleable, dense compact that is therefore easily sinterable.

There are three primary steps in dry pressing, the filling of the die, the compaction of the powder, and the ejection of the part.  Initially, powders are mixed with processing additives to ease production of the parts and to improve the properties of the unfired or green part.  Common additives include a deflocculant, binder, and plasticizer.  Sometimes a defoamer, wetting agent, or a lubricant is used in the process.

Fine particles are desired for their better sintering properties, but larger particles are necessary to achieve the proper flow characteristics of the system.  It is common to spray dry a fine powder with the additives into larger granules with better flow behavior.

After the die is filled, the fill density of the powder is typically 20 to 35%.  The remaining volume is air that is released during the pressing process.

During compaction of the powder, it is pressed lightly to remove the air from the fill, and then pressures of what are commonly 20 - 100 MPa are used for the primary compaction.  The densification behavior of the powder during the primary compaction step shows three definite stages. These are illustrated by the following Figs. 1 & 2.  

Fig. 1 clearly illustrates the three stages of compaction behavior as a function of applied pressure, while Fig. 2 illustrates why this behavior occurs.  The first stage occurs at relatively low pressures and is due to the rearrangement and flow of the granules into a higher packing order.  In the second stage, the granules can no longer move into higher coordination and they start to deform into the nearby interstices.  This is the stage where primary densification occurs.  The third stage occurs at even higher pressures, where the powder particles themselves arrange into a higher packing order.

Some of the energy of compaction is absorbed elastically by the compact.  As the pressure is released, this elastic energy allows for a small expansion of the compact, called spring-back.  A small amount of spring-back is necessary to allow the compact to separate from the punch, but this is generally less than 0.75%.
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Figure 1:  Compaction diagram of granules with different plasticizer concentrations.
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Figure 2:  Granule and pore size change during compaction process.

The amount of elastic energy stored, and therefore the amount of spring-back, depends upon the applied load.  A higher load will lead to more elastic energy stored and more spring-back.  The amount of spring-back also depends on the binder content of the system, primarily when the temperature is lower than the glass transition temperature, Tg, of the binder system.  This can be alleviated somewhat by the use of plasticizers or a lower binder content.  The binder is, however, necessary to impart sufficient strength to the green part for handling.

A lubricant is often used to ease part ejection by reducing the frictional forces between the part and the die wall.  The lubricant also will reduce the frictional forces generated during compaction.  These forces can cause pressure gradients within the part during compaction, as illustrated below. (Fig. 3)
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Figure 3:  General pressure profiles for pressing from top to bottom.

The lower numbers in the figure denote higher pressures.  Note that the corners near the moving portion of the die, where the pressure build up is highest, and the region furthest from the moving part of the die, where the pressure is lowest.  These pressure gradients, along with the frictional forces at the die wall upon ejection, variations in the elastic compression, or differential spring-back between the ejected and un-ejected portions of the part during removal from the die, are the major reasons for defects in the compact.  Commonly observed defects are laminations, end capping and ring capping, illustrated in figure 4.
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Figure 4:  common defects in pressed compacts.
In addition to using a lubricant, the effects of the pressure gradients described above can be reduced by the use of a double action die as opposed to a single action die.  A single action die applies pressure from only one direction to the compact. The double action die applies pressure to compact from two opposing sides, thus providing high pressure regions on both ends of the compact.

Isostatic Compaction

Further defects can be avoided by isostatic compaction, which applies equal pressure from all directions at once.  This is accomplished by sealing the sample in a collapsible bag and applying pressure by the hydrodynamic force of a liquid medium.  There are two processes used in isostatic compaction, wet bag and dry bag.  In the wet bag process, the powder is sealed in a flexible container or mold, submerged in the fluid chamber and the pressure is applied.  Figure 5 is a schematic showing the processing steps.
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Figure 5:  Stages in wet bag isopressing.

The flexible container is (a) filled, (b) submerged, (c) pressed and (d) .decompressed before removal.

In the dry bag method, the pressure is applied radially from a pressurized fluid between the chamber sides and a flexible container or mold.  Figure 6 is a schematic showing the processing steps.
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Figure 6:  Stages in dry bag isopressing.

The powder is (a) loaded into the (b) open die, (c) pressed, and (d) ejected after the decompression stage.

In isostatic pressing, (as compared to uniaxial pressing) density gradients are reduced, shear stresses are lower and die wall friction is also reduced.  This enables the forming of large complex shapes as well as parts with a high aspect ratio.

In this experiment, we will be using a double acting die to press ceramic, metallic, and polymer powders into pellets.  The ceramic powder will be pre-mixed with 2 wgt% of a binder to improve the green strength.  This process involves dissolving the binder in deionized water and then adding the powder while stirring.  The water is then evaporated off in a drying oven and the powder is ground with a mortar and pestle to break up any agglomerates.

Materials and Equipment

Carver press

Alumina powder (A-16 SG)

Copper powder

Aluminum powder

Titanium powder

Polyvinyl Alcohol powder

Lubricant (Stearic Acid)

½” cylindrical die

balance

calipers

latex gloves (flexible pellet containers)

vacuum pump

Experimental Procedure

Each group will press a set of pellets from the ceramic, metallic and polymeric powders.  Press two pellets from each powder at 2000 lbs, 3500 lbs, and 5000 lbs for a total of eighteen pellets per lab group.  Obtain one of the dies and make sure that it is thoroughly cleaned and dried.  Apply the stearic acid solution (the lubricant) to the punches and inner walls of the die and allow to dry.  Insert the lower punch and fill the die with the proper amount of one of the granulations.  Make the fill level as even as possible to avoid compaction problems or jamming of the die.  Carefully insert the upper punch into the die and allow it to settle to the fill level.  Place the die in one of the uniaxial presses and apply just enough pressure to register on the gauge, then release.  This is to remove excess air.  Then increase the pressure slowly to the prescribed pressure and hold for one minute.  Slowly remove the pressure and use one of the collars to eject the upper punch and the pressed pellet.  Clean the die for the next pressing.

After uniaxial pressing, one set of pellets will be cold isostatically pressed to 30,000 psi for one minute.  The TA will cover the use of the isostatic press during the lab section.

Measure the density of each pellet.

Questions

1. What are common additives used in dry pressing?  Explain why each of them is used.

2. Graph the uniaxial pressure vs. green density for each material including the isostatic pressed density.  Comment on the validity of the results.

3. What was the cause of any visible defects and how could they be avoided.

4. What are some reasons for density gradients in uniaxially pressed parts?  Name at least three ways that these could be reduced.

5. How will these gradients affect the sintered part? (illustrations will help)
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