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MILESTONE REPORT
Milestone Milestone Description Due Date Revised Completion
Designation Due Date Date
3-1 Investigate the use of an exothermic heat source (Al-CuO) as a means of melting 11/30/06 11/15/06
the Ag-Cuo binary braze in-situ; i.e. without need of an external furnace or other
3.2 Complete and report on the study of the Pd-Ag-CuO filler metal system. 02/28/07
3.3 Report on the initial PNNL-Alfred University investigation into conventional braze 05/31/07
joining of the ORNL porous gas separation tubes.
3.4 Complete the first round of coal gas exposure testing of a standard air braze filler 09/30/07

metal.




TECHNICAL HIGHLIGHTS

Investigate the use of an exothermic heat source (Al-CuO) as a means of melting the Ag-Cuo binary braze in-situ; i.e. without need of an external
furnace or other heat source (in completion of Milestone 3-1)

A series of thin A//CuO dyad layered films (less than 2microns thick total film thickness) have been fabricated via sputtering onto a 1' wide polymer
carrier foil. When properly processed, the dyads are stable and only ignite when a sufficiently strong spark or heat source is introduced. DSC
measurements are being conducted to determine the amount of energy/g evolved and thereby calculate the equivalent adiabatic temperature rise to
determine the number of dyads required to melt the Ag-CuO filler metals.

Complete studies on the Pd-Ag-CuO filler metal system (in partial completion of Milestone 3-2)

As a means of increasing the use temperature of ceramic-ceramic and ceramic-metal air brazes, palladium was investigated as possible ternary
addition to the currently employed silver - copper oxide system. The silver component was directly substituted with palladium to form the following
series of alloys: (100-y)[(100-z)Pd - (z)Ag] - (yY)CuOx where y = 0 - 34 mol% CuOx and z = 50 - 100 mol% silver and where x = 0, 0.5, or 1
respectively denotes copper metal, Cu20, or CuO. From differential thermal analysis, it was determined that the addition of palladium causes an
increase in the solidus and liquidus temperatures of the resulting Pd-Ag-CuO brazes. In general, the liquidus was found to increase by approximately
220°C for the (100-y)(25Pd - 75Ag) - (z)CuOx filler metal compositions relative to comparable Ag-CuOx alloys. Likewise, the solidus was found to
increase for these alloys, respectively by 185°C and 60°C, respectively for CuOx contents of y = 0 - 1mol% and 4 - 10 mol%. For the (100-y)(50Pd -
50Ag) - (y)CuOx alloys, the solidus increased between 280 - 390°C over a copper oxide compositional range of x = 0 to 8 mol%. It was determined
from sessile drop experiments conducted on alumina substrates that in all cases the palladium causes an increase in the wetting angle relative to the
corresponding binary braze. Alloy compositions of (100-y)(25Pd - 75Ag) - (y)CuOx displayed increased wetting angles of 5-20° relative to comparable
binary compositions. (100-y)(50Pd - 50Ag) - (yY)CuOx alloys exhibited an increase in contact angle of 10-60° and compositions containing less than 10
mol% CuOx were not able to wet the substrate. Metallographic analysis indicated that the microstructure of the braze consists of discrete CuOx
precipitates in an alloyed silver-palladium matrix. In both the binary and ternary filler metal formulations, a reaction layer consisting of CUAIO2 was
observed along the interface with the alumina substrate. This reaction product appears to be beneficial in promoting wetting by the remaining braze
filler metal. However the formation of this layer is hindered as the concentration of palladium in the filler metal is increased, which appears to be the
primary cause of poor wettability in these compositions, as indicated by the substantial amount of porosity found along the braze/substrate interface.
Joint strength studies using the Pd-modified filler metals have been completed and the results are currently being analyzed.

Papers Submitted/Published During the 1st Quarter of FY2007

1. J. T. Darsell and K. S. Weil, “The Effect of Pd Additions on the Solidus/Liquidus Temperatures and Wetting Properties of Ag-CuO Based Air
Brazes,” Journal of Alloys and Compounds, published online, hardcopy is currently in press.

2.J.T. Darsell and K. S. Weil, “Experimental Determination of the Eutectic and Monotectic Points and Misciblity Boundaries of the Silver-Copper
Oxide System at High Temperature,” Scr. Mater., accepted for publication.

3.J. S. Hardy, J. Y. Kim, E. C. Thomsen, and K. S. Weil, “Improved Wetting of Mixed lonic/Electronic Conductors with Ti-Modified Reactive Air Braze
Alloys,” J. Electrochem. Soc., 154(3) P32-P39 (2007).

4. K. S. Weil, J. T. Darsell, J. S. Hardy, and J. Y. Kim, "Air Brazing: A New Methodology for Sealing Solid Oxide Fuel Cells," Mater. Sci. Forum, in
press.

ISSUES

Currently the project is being funded with carry-over from FY06 - no new FYO7 funding has been received. This may impact meeting the milestones
3-2 - 3-4 in a timely manner.

Report Prepared By Date
K Scott Weil 01/25/07
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A series of thin A//CuO dyad layered films (less than 2microns thick total film thickness) have been fabricated via sputtering onto a 1' wide polymer carrier foil. When properly processed, the dyads are stable and only ignite when a sufficiently strong spark or heat source is introduced. DSC measurements are being conducted to determine the amount of energy/g evolved and thereby calculate the equivalent adiabatic temperature rise to determine the number of dyads required to melt the Ag-CuO filler metals.


Complete  studies on the Pd-Ag-CuO filler metal system (in partial completion of Milestone 3-2)

As a means of increasing the use temperature of ceramic-ceramic and ceramic-metal air brazes, palladium was investigated as possible ternary addition to the currently employed silver - copper oxide system. The silver component was directly substituted with palladium to form the following series of alloys: (100-y)[(100-z)Pd - (z)Ag] - (y)CuOx where y = 0 - 34 mol% CuOx and z = 50 - 100 mol% silver and where x = 0, 0.5, or 1 respectively denotes copper metal, Cu2O, or CuO. From differential thermal analysis, it was determined that the addition of palladium causes an increase in the solidus and liquidus temperatures of the resulting Pd-Ag-CuO brazes.  In general, the liquidus was found to increase by approximately 220°C for the (100-y)(25Pd - 75Ag) - (z)CuOx filler metal compositions relative to comparable Ag-CuOx alloys. Likewise, the solidus was found to increase for these alloys, respectively by 185°C and 60°C, respectively for CuOx contents of y = 0 - 1mol% and 4 - 10 mol%. For the (100-y)(50Pd - 50Ag) - (y)CuOx alloys, the solidus increased between 280 - 390°C over a copper oxide compositional range of x = 0 to 8 mol%. It was determined from sessile drop experiments conducted on alumina substrates that in all cases the palladium causes an increase in the wetting angle relative to the corresponding binary braze. Alloy compositions of (100-y)(25Pd - 75Ag) - (y)CuOx displayed increased wetting angles of 5-20° relative to comparable binary compositions. (100-y)(50Pd - 50Ag) - (y)CuOx alloys exhibited an increase in contact angle of 10-60° and compositions containing less than 10 mol% CuOx were not able to wet the substrate. Metallographic analysis indicated that the microstructure of the braze consists of discrete CuOx precipitates in an alloyed silver-palladium matrix. In both the binary and ternary filler metal formulations, a reaction layer consisting of CuAlO2 was observed along the interface with the alumina substrate. This reaction product appears to be beneficial in promoting wetting by the remaining braze filler metal. However the formation of this layer is hindered as the concentration of palladium in the filler metal is increased, which appears to be the primary cause of poor wettability in these compositions, as indicated by the substantial amount of porosity found along the braze/substrate interface. Joint strength studies using the Pd-modified filler metals have been completed and the results are currently being analyzed.
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