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internal Correspondence 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

November 22,1994 

To: Ron Bradley 
From: Terry Tiegs 

Subject: CRADA No. 90-0035 with Garrett Ceramic Components- 
AlliedSignal, Inc., "Development of Microwave Processing of Silicon 
Nitride Components for Advanced Heat Engine Applications - 
Microwave Annealing of Silicon Nitride with High Additive Contents." 

Attached is the final report on CRADA No. 90-0035 with Garrett 
Ceramic Components-AlliedSignal, Inc., "Development of Microwave 
Processing of Silicon Nitride Components for Advanced Heat Engine 
Applications - Microwave Annealing of Silicon Nitride with High 
Additive Contents." As shown, samples were fabricated at Garrett 
Ceramic Components-AlliedSignal (GCC/AS) , microwave annealed at 
ORNL and transferred back to GCC/AS for mechanical property 
measurements. However, due to other pressures within GCC/AS 
interest in completing all of the planned work was vastly reduced. 
Consequently, it was decided to terminate work on the CRADA prior 
to completion of all tasks. 



CRADA NO.: 90-0035 with Garrett/Allied Signal 

DEVELOPMENT OF MICROWAVE PROCESSING OF SILICON NITRIDE 

MICROWAVE ANNEALING OF SILICON NITRIDE WITH HIGH 
ADDITIVE CONTENTS 

COMPONENTS FOR ADVANCED HEAT ENGINE APPLICATIONS - 

Introduction 

The initial work on microwave annealing of dense silicon nitride showed enhanced grain 
growth and improved creep resistance for materials annealed at temperatures of 1200- 
1500°C.1,2 In those tests, the anneal times were on the order of 10-20 h to achieve the 
observed changes. To further study the effectiveness of microwave annealing, a 
Cooperative Research and Development Agreement (CRADA) was started in the area of 
microwave processing of silicon nitride with Garrett Ceramic Components/Allied-Signal 
(GCCYAS). 

The original plan was for ORNL to microwave anneal specimens of dense silicon nitride 
with high additive contents (>5 %) provided by GCC/AS at various times and 
temperatures. There were to be three sample types and 3-4 annealing conditions for a 
total of 9-12 annealing runs. The materials would then be characterized by both ORNL 
and GCC/AS to determine any changes in the properties. The objectives were: (1) to 
determine the effects of microwave crystallization on mechanical properties, and (2) to 
compare the effectiveness of microwave versus conventional heating. The mechanical 
properties examined that were fracture toughness, flexural strength and high temperature 
stress rupture. Three proprietary compositions of Garrett Ceramic Components/Allied- 
Signal were selected: AS-44, GN-10, and AS-700. 

Results 

Specimens of AS-44 silicon nitride from Garrett Ceramic Components/Allied-Signal 
were annealed. The specimens consisted of hot-isostatically-pressed material the was 
fully dense and 100% B-Si3N4. Conditions used were 1600-1800°C for times of 2-10 h. 
Initial results showed only minor changes due to the microwave annealing. The samples 
were machined into test specimens and tested for mechanical properties. Results the fast 
fracture strength and fracture toughness are shown in Table 1. As shown, the stress 
rupture behavior at elevated temperatures was significantly improved over the baseline 
material (Fig. 1). 

Two sets of samples of GN-10 silicon nitride were fabricated by GCC/AS and microwave 
annealed at ORNL at 1600OC for 10 h and 1800°C for 2 h. The specimens consisted of 
hot-isostatically-pressed material the was fully dense and -55% B-Si3N4. Samples were 
returned to GCC/AS for machining into test bars. X-ray diffraction of the microwave 
sample showed it to be 100% B-Si3N4. Conventional annealing at the same temperature 
did not transform all of the a-Si3N4 to the B-phase. 

Another set of samples of GS-44 silicon nitride was fabricated by GCC/AS and 
microwave annealed at ORNL at 1600OC for 10 h. This material was to be compared to 
conventional annealed samples at 1600 and 1700OC for 10 h done at GCC/AS. Samples 
were returned to GCC/AS for machining into test bars. 



Table 1 - Summary of results on microwave annealing of GS-44 silicon nitride. 

Properties Baseline 1600"C/10 h 170O0C/10 h 180O0C/2 h 
Flexural 
Strength ( m a )  
25OC 961+10 93 1k5 91M3 931+3 
900°C 697+7 69M11 71M5 634+9 
1 l00OC 434+3 448+7 38627 413+5 
Fracture 
Toughness 8.0433.16 8.05m 14 8.0M.14 7.7M.51 
(madm) 
Stress- 
Rupture 
900"C-413 MPa 0.0 h 
900°C-379 MPa 0.3 h 

Microwave exposure Conditions 

>24 h 
>24 h 

4.21 h 
>24 h 

0.01 h 
0.07 h 

Conclusions 

Microwave annealing of dense silicon nitride-based ceramics can result in further a-to-I3 
Si3N4 transformation. No improvements in the room temperature flexural strength or 
fracture toughness were found. However, improvements in the high temperature stress- 
rupture properties by increasing the crystallization of the grain boundary phases were 
observed. Thus, microwave annealing is applicable to materials in applications that 
require good high temperature creep resistance where densification has been previously 
performed. 

In the course of the CRADA, several delays were encountered and extensions to the 
original schedule made. Garrett  Ceramic Components/Allied-Signal under 
went significant changes when they moved their laboratory which resulted in delays in 
fabrication of samples. In addition, they were under pressure by the corporation to 
commercialize their other materials with current facilities and consequently this CRADA 
research project became secondary. As a result, interest decreased and the CRADA was 
terminated. 
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Fig. 1. Stress rupture results from the microwave annealed GS-44 silicon nitride. 


