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Abstract: To improve the inherent safety of the sodium-cooled fast reactor (SFR), the supercritical CO, (S-CO,)
Brayton cycle is being considered as an alternative power conversion system to steam the Rankine cycle. In the S-CO,
system, a PCHE (printed circuit heat exchanger) is being considered. In this type of heat exchangers, diffusion bonding
is used for joining the thin plates. In this study, the diffusion bonding characteristics of various austenitic alloys were
evaluated. The tensile properties were measured at temperatures starting from the room temperature up to 650 °C. For
the 316H and 347H types of stainless steel, the tensile ductility was well maintained up to 550 °C. However, the
Incoloy 800HT showed lower strength and ductility at all temperatures. The microstructure near the bond line was
examined to understand the reason for the loss of ductility at high temperatures.
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Table 1 Chemical composition of the test materials (in wt%)
Alloy Fe Cr Ni C Ti Mo Mn Al P S Si Cu Others
316H Bal. 17.34 | 10.73 .05 - 2.15 .64 - .02 .005 .60 .25 .16Co
347H Bal. 18.3 8.6 .07 - - 1.28 - .02 .009 .66 - 43Nb
800HT | 423 21.0 33.6 .06 .55 20 93 A48 .003 .001 48 .10 8(5)332

Table 2 Diffusion bonding condition

Alloy Temp. (°C) Pressure Duration time Surface condition
1010
SS 316H 8 MPa SiC #1200
1050
1050
SS 347H 8 MPa Hold (10 min) + SiC #4000
1050 Pressure (60min)
1120
Incoloy 800HT 1150 10 MPa SiC #1200
1180
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TAFH A 1] 7 (SEM, Scanning Electron Microscope),
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Energy Dispersive Spectroscopy)2} A} oL %] =41
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o] g3te] S aatolct.
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Table 3 Diffusion bonding efficiency and location of failure

7

A
>~
>
O
A,

Diffusion Test ]l))grfchllsiilon
Alloy bonding amng " Location of failure
temperature efficiency
temperature (%)
25 83 Parent
500 83 Parent
1010
550 92 Parent
650 55 Parent, bond-line
SS 316H
25 93 Parent
500 100 Parent
1050
550 100 Parent
650 56 Parent , bond-line
25. 100 Parent
500 100 Parent
1050
550 100 Parent
650 100 Parent
SS 347H
25 100 Parent
500 100 Parent
1090
550 100 Parent
650 100 Parent
25 10 Bond-line
500 10 Bond-line
1120
550 Bond-line
650 Bond-line
25 42 Bond-line
500 22 Bond-line
Incoloy 800HT 1150
550 26 Bond-line
650 18 Bond-line
25 71 Bond-line
500 71 Bond-line
1180 -
550 61 Bond-line
650 44 Bond-line

*Diffusion bonding efficiency: similarity between as-received and diffusion bonded in elongation
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Fig. 3 Tensile properties of diffusion-bonded Incoloy 800HT
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Fig. 5 Diffusion bonded Incoloy 800HT (1150 °C, 10 M
Pa): (a) Optical microscope, (b) EBSD
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