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Characterization of Vacuum Brazed Advanced Ceramic 

and Composite Joints 

Significance 
 

Ceramics are difficult to machine. Ceramic parts are made either to net-shape or assembled from simpler units 

that are bonded together to make complex shapes. Ceramics also need to be joined to metallic alloys. Because 

of the very different physical and chemical natures of metals and ceramics, joining ceramics and metals is 

technically more difficult than brazing, soldering or welding of like materials. Because of high temperatures used 

in bonding, the joined materials chemically interacted with molten braze alloys yielding significantly altered bond 

structure and mechanical properties such as hardness.  

Objective 
 

This research evaluated the bond integrity, microstructure and micro-hardness of nineteen 

advanced ceramic/ceramic and ceramic/metal joints of interest to the aerospace industry 

including some new and promising material combinations that are still under development and 

have not been used in industry. 

Methods 
 

Vacuum Brazing  
 

Metallurgical Polishing  
 

Microhardness testing  
 

Stress Analysis  
 

Joint Structure  

 

Materials 
 

The materials used included silicon nitride ceramics (Si3N4) and zirconium diboride-

based ultra-high-temperature ceramic (ZrB2) composites bonded to titanium, nickel-

base super alloys, and copper-clad-molybdenum. The joints were vacuum brazed at 

the NASA Glenn Research Center by Dr. Rajiv Asthana using a range of active braze 

alloys with melting temperatures as high as 2,260°F.  
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Both are (ZrB2) brazed to another material, but in 

sample #9 the residual stresses of being bonded 

to a metal caused cracking along the joint. 
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Based on calculated residual stresses  along with 

microstructure evaluation under high magnification  

and joint integrity (cracks and voids), we can 

characterize the material combinations into several 

different groups. Key factors that are at work 

include: brazing temperature, expansion 

coefficients of both materials, possibility of inter 

layers, bonding methods used, and effective 

microstructure change. Different combinations of 

each of the factors can produce a gamut of results. 
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