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Abstract 

This Cooperative Research and Development Agreement (CRADA) between Lockheed Martin 
Energy Research Corporation (Contractor) and Performance Research (Participant) was initiated 
to fabricate high performance automotive components of ceramic materials. A further purpose of 
the CRADA was to investigate the use of solid free-form fabrication methods (rapid prototyping) 
to produce these components. There was excellent cooperation between the partners and good 
progress was being made, however, cancellation of half of the project funds at ORNL ended 
work on the CRADA before all of the planned tasks could be completed. 

CRADA Objectives 

The technical objective of the CRADA was to fabricate a high performance automotive 
component of ceramic material for property measurement and engine testing. As a baseline for 
comparison, components were to be gelcast in aluminum molds. Advanced forming methods 
using solid free-form fabrication (rapid prototyping) were to be evaluated for production of this 
component. Two rapid prototyping approaches were to be evaluated. The first was to use a 
stereolithography apparatus (SLA) to produce a resin casting mold directly from component 
drawings. The mold would then be used to gelcast the ceramic components. The second 
approach was to use a IN-curable gelcasting slurry in the SLA to directly form a ceramic green 
body. 

Meeting Objectives 

The CRADA statement of work included six technical tasks. The first three tasks were 
completed and the fourth task was partially completed. Cancellation of half of the project funds 
at ORNL made it impossible to complete the remaining CRADA tasks. 

CRADA Benefit to DOE 

Conduct of research under this agreement served to establish initial capabilities for fabricating 
ceramic components using UV-cured, gelcasting-type slurries. 

Technical Discussion 

Introduction 

The gelcasting process has been used successfully to form ceramic green bodies from numerous 
ceramic materials including: silicon nitride, silicon carbide, alumina; zirconia, etc. In addition, 
numerous component configurations have. been fabricated for use in various industries. The 
ability to produce reliable ceramic components at a competitive price depends upon developing 
more economical methods of fabrication. Solid free-form fabrication is one method which can 
greatly speed the development cycle and, when combined with gelcasting technology, has the 
potential to reduce the cost of component fabrication. The desired result of this CRADA was the 
development of rapid prototyping fabrication methods and the successful fabrication and testing 
of ceramic components in an automotive engine. 



Baseline Component Fabrication 

Component drawings were received from Performance Research and the corresponding mold 
drawings for fabricating the component by gelcasting were prepared by ORNL and sent to the 
Participant. Aluminum molds were machined and anodized by the Participant and shipped to the 
Contractor. These molds were used to cast the baseline components, which were made of silicon 
nitride, a high-performance ceramic material. Some defects were present in the castings and 
attempts to eliminate the defects were unsuccessful. The molds were redesigned and a new set of 
molds was made. These molds eliminated the defect problem, but loss of CRADA funding did 
not allow fabrication of finished components for material property testing at ORNL or engine 
testing at Performance Research. 

Resin Mold Fabrication 

Resin molds were fabricated using a 3-D Systems SLA-250 stereolithography machine. Two 
different resin materials were evaluated for compatibility with the gelcasting chemical systems. 
File conversion from a CAD drawing file to computer control code for building a component on 
the SLA-250 was accomplished successfully. A cured resin mold for gelcasting the automotive 
component was fabricated on the SLA-250 directly from the converted drawings. This mold was 
then used in casting trials. It was found that the stepped surface of the build architecture was too 
rough for easy release of the part from the mold. 

UV-Cured Gelcasting Process Develonment 

As the first step in developing the capability to fabricate ceramic components directly on the 
SLA-250 machine, ultraviolet (UV) curing agents compatible with the gelcasting chemicals were 
identified and tested. Two curing agents were shown to form solid gelled ceramic green bodies 
from standard gelcasting slurries. These were Irgacure 2959 and Darocur 4265, both 
manufactured by Ciba-Geigy Corp. Initial trials were begun to evaluate the UV-curable 
gelcasting systems in the SLA-250, however loss of program funding halted the investigation 
before meaningful progress could be made. 

Conclusions 

This Cooperative Research and Development Agreement (CRADA) was initiated to fabricate 
high performance automotive components of ceramic materials. A further purpose of the 
CRADA was to investigate the use of solid free-form fabrication methods (rapid prototyping) to 
produce these components. There was excellent cooperation between the partners and good 
progress was being made, however, cancellation of half of the project funds at ORNL ended 
work on the CRADA before all of the planned tasks could be completed. 

Report of Inventions 

There were no inventions developed under this agreement. 
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Commercialization Possibilities 

0 The gelcasting process variations that were developed under this agreement may be 
commercialized at some time in the future; however, there are no such plans currently in place. 

& Plans for Future Collaboration 

No plans have been made for future collaboration. 

Conclusions 

Some of the technical objectives of this CRADA were met in a timely manner with good 
interaction between ORNL and Performance Research; however, loss of funding support at 
ORNL resulted in the project ending before all of the tasks could be completed. 
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