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ABSTRACT 

Ross Ceramics Ltd. is a leading supplier of ceramic cores for the investment casting 

industry, with the cores being used in the formation of specialised turbine blades.  The company 

fabricates a large array of cores with varying complexity to meet different customer 

requirements.  

 Fabrication of complex ceramic components can be achieved through the process of 

Particle Injection Moulding (PIM) due to the ability of the process to allow high throughput and 

precision components to be formed (1). In this process a feedstock comprising of ceramic 

powders suspended in an organic carrier system (binder) is forced, at elevated temperatures, into 

preformed moulds. The organic binder is then thermally removed and the remaining powders are 

sintered to consolidate the ceramic. The carrier system is critical for developing the desired 

properties of the feedstock to enable flow and mould filling during injection and to sustain the 

integrity of the formed component during the subsequent firing process.  

The fired ceramic components are used in a secondary process which involves 

interactions with molten metal. Here the component must be chemically compatible with the 

metal, be crushable when the metal solidifies, as well as maintaining enough strength for 

handling purposes and to be resistant to thermal shock and dimensional changes.  Components 

also need to yield a suitable surface finish and be removed from the final metal component 

without damage (2). 

This investigation describes the effect of three development carrier systems of high, 

medium and low viscosity, containing identical components but differing ratios, on component 

fabrication.  The binder viscosities with respect to reducing temperature are highlighted in Figure 

1, against paraffin wax as a reference. 

  

 
 

Figure 1: Effect of temperature on viscosity of the three development binders                                                              
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 The feedstock was optimised in solids loading and plasticiser additions, with the 

equivalent amount for ‘5 layers’ of plasticiser adsorption onto the powder surface being used. 

The ‘layers’ of absorption was a theoretical value based on the amount of plasticiser that could 

adsorb based on 100% efficiency. A monolayer was calculated by finding the surface area of 

powders by Brunauer-Emmett-Teller (BET) analysis. The amount of surfactant required to cover 

the powder surface was determined by finding the projected surface area of one surfactant 

molecule and dividing this by the total powder surface area to get the total number of surfactant 

molecules required. The projected surface area of surfactant on the powder surface (assumed to 

be spherical) was determined by using the diameter of the stearic acid polar head as 5.11x10
-10 

m 

as stated by Li et al. (3).  By using Avogadro’s number and the molar mass of stearic acid, the 

mass of the surfactant required to form a monolayer could be determined.  

 The critical loading for each binder and powder formulation was determined 

experimentally, using a technique by Shengjie et al, which involves comparing the density 

measurements of mixes with varying solids loadings to determine the critical solids loading (4).     

A PIM press was used for the moulding of test bar components and before injection the 

feedstock was conditioned for both short and long mixing times.  Images of the mould and fired 

components are given in Figure 2.  The process was characterised through rheometry, mechanical 

testing and interferometry. 

 

 
 

Figure 2: Mould used for component fabrication and fired components shown. 

Experimental data illustrates that conditioning time and viscosity of the binder affects the 

surface roughness of components. Conditioning time also influences the flexural profile of the 

components under load.  The ceramic strength properties using the low and medium viscosity 

binders were similar, however, a reduction in strength properties was observed when using the 

high viscosity binder.   
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