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Putting Research into Practice

•	 The EERC is working with Siemens Power Generation to develop new methods for joining 
high-temperature alloys for use in advanced hydrogen-burning turbines.

•	 Focus on joining high-strength CM247LC (NiCrAl directionally solidified) to oxidation-
resistant Kanthal APMT (FeCrAl dispersion-strengthened) using transient liquid-phase 
bonding.

•	 DICTRA used to calculate heat treatments.
•	 Multiple joining alloys tested, one of which evaporates from the structures.

Project Overview

•	 Welding of advanced alloys is not possible because critical structures are destroyed.
•	  Transient liquid-phase bonding uses a reactive braze that diffuses away from the 

joint.
•	  Bonding alloys need to have low melting points, be soluble, and not form 

intermetallics.
•	

Transient Liquid-Phase Bonding – Previous Work

•	 Transient liquid-phase bonding has been successfully used to bond 
CM247LC to APM and APMT.

•	 Articulation of the joints is necessary because of the very thin nature of 
the joining foil.

•	 All failures were within the FeCrAl, usually well away from the diffusion-
affected zone.

•	 APM tubing was dramatically strengthened within the diffusion-affected 
zone, but the APMT plate was not.

•	 Some joining alloys diffuse through the structures and evaporate from 
their surfaces in what we call "evaporative metal bonding."

Conclusions

•	 Two joints for each of the four 
joining alloys were tested at 950°C 
using the 100-hour APMT rupture 
stress.

•	 All samples broke similarly, within 
the APMT, not the joint.

•	 The APMT was much weaker than 
anticipated.

950°C Stress Rupture Tests of Rods

•	 1-mm- and 4-mm-thick layers of 
APM (not dispersion-strengthened) 
were sandwiched between rods of 
CM247LC.

•	 All high-temperature ruptures 
occurred in the APM.

•	 APM is strengthened by metal 
diffusion from the CM247LC.

•	 Thick layers (4 mm) were not 
strengthened all of the way through, 
but thin layers (1 mm) were.

•	 Diffusion increased lifetime of thin 
layer by 20 times or more.

•	 Different joining alloys had different 
effects on interdiffusion.
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•	 Scanning electron microscopy 
photo on top, x-ray map on 
bottom.

•	 Needle growth and interdiffusion 
create a joint stronger than the 
APMT.

•	 Nickel diffuses up to 700 µm into 
APMT.

•	 Iron diffuses 200 µm into the 
CM247LC.

•	 One bonding alloy diffuses to the 
surface and evaporates. We call 
this evaporative metal bonding.

Microstructure of Joints
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•	 Joined actual turbine ring segments 
of CM247LC with an APM and APMT 
sheet in between.

•	 Joints were stronger than the APM or 
APMT.

•	 APM sheet was not strengthened as 
the rods were.

•	

Joining Thin Layers to Actual Turbine Structures

•	 Room-temperature 
ultimate tensile strength 
results for joints made with 
four joining alloys.

•	 All samples broke within 
the APMT, showing the 
joints are stronger than the 
APMT.

Tests of Multiple Joining Alloys

•	 Initial tests done with rods polished flat.
•	 Clamp made from low-CTE metal (Mo).
•	 Ceramic hemispheres used to articulate the 

pieces, which is necessary because of the 
thinness of the foils.

•	 Later joints done with thin sandwiches of APM 
and APMT and with complex curves.

•	

Articulated Clamping System

Clamping System for Joining APMT to CM247LC
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