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Ceramic Parts Fabrication 
  

MetaMateria uses a proprietary process (MMCP) for making a wide 
range of components made from micron/submicron powders.  
Initial applications are for fuel cell components where cathode, 
anode, electrolyte materials and structural parts are made.  The 
process is also used to make structural and electronic components, 
including flat tape. 

MMCP is a water based process that contains low amounts of 
organics (typically <5 wt %). The process has several advantages 
over dry processing methods.  These advantages are realized by 
controlling and manipulating the forces between particles in the 
suspension.  The use of a particulate suspension offers an opportunity to break up 
undesirable agglomerates by milling or ultrasonic treatment or completely removing them 
by sedimentation or filtration.  Therefore, the flaw or defect size can be minimized and an 
optimized particle packing and homogeneous green microstructure can be obtained.   

Uniform green density results in uniform shrinkage during drying and sintering.  The flaws 
or defects that occur during drying or sintering due to non-uniform shrinkage can therefore 
be minimized.  The MMCP process involves five basic steps:  

(1)  Powder preparation 
(2)  Suspension formulation  
(3)  Consolidation into the desired component shape 
(4)  Removal of the water 
(5) Densification to obtain desired microstructure for optimal performance.   

Powders for the MMCP process are prepared using heat treatment methods or acquired 
from a vendor.  Powders are suspended in water using suitable surfactants.  High 
concentration slurries are desirable. Studies of charge concentration are frequently 
conducted to obtain desired loading.   

Consolidation into a solid green body is achieved 
without removal of water.  Direct forming techniques, 
such as MMCP that consolidates a suspension into 
a rigid body without liquid removal, have the 
potential to maintain a high degree of homogeneity 
similar to that obtained in the suspension.  After 
forming, the part is solidified (in minutes) and 
removed from the mold.  The green part is then dried 
and fired to temperatures appropriate for the desired 
density or porosity.  Shown at the right are alumina 
tubes before and after firing next to the injection die. 
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Preservation of the structure of a well-designed suspension in the green body is a critical 
advantage of a direct consolidation technique. The solids loading of the suspension 
correlates strongly with green density of the preform.  High solid loading (typically 50 vol % 
or higher) is desirable.  Furthermore, suspensions with high solids loading allow closer 
control of part dimensions during shrinkage associated with drying and sintering. Uniform 
interconnected pore size occurs, making an ideal substrate for separation membranes.   

Typically, the suspension is formed into a shape by injecting or casting into a mold. Doctor 
blade or other tape forming methods were used for making thick films or plates.  Other 
approaches produce specialized shapes, such as spheres.  The controlled tailoring of 
interconnected porosity is important for drying and densification. Other features of the 
process are inexpensive capital equipment is used and the parts can be plastically 
deformed after forming for additional densification or to conform to a desired shape. Tight 
tolerances can be achieved in parts fabricated by injection.   The basic process is below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The MMCP process can also produce shapes with highly specialized features. If required, 
the green parts can be machined prior to sintering.  This proprietary process has been 
used to fabricate a wide range of ceramic shapes and parts from various materials, 
including Al2O3, YSZ, WC and proprietary cathode compositions.  The process is quite 
flexible and can be used with most ceramic materials that are compatible with water and 
particle sizes allow for a high solids loading (~50 vol %). 
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Detailed Parts Cast Features  
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MetaMateria  
MetaMateria was initially established in 2002 with experienced staff to accelerate the 
commercialization of advanced ceramic and composite materials and processes used to 
make components for engineered systems.  MetaMateria works closely with universities 
and industry to develop and apply novel technologies with high commercial potential at a 
reasonable development cost.  Major thrusts are nanoparticle synthesis and processing 
methods to make nanostructured materials, deposition of nanostructured coatings, and 
shape-forming using advanced colloidal processing. 

MetaMateria management and technical team have considerable experience in developing 
novel ways to make and apply advanced and nano-materials.  Offices/labs are located at 
the TechColumbus Incubator, located near Ohio State.   

For more information, contact: 

 
Dr. J. Richard Schorr   Dr. Suv Sengupta      
CEO – MetaMateria    Chief Technical Officer 
jrschorr@metamateria.com   ssengupta@metamateria.com 
614-340-1690 (x2635)   614-340-1690 (x2630)    
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