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Figure S1. Microstructural and crystallographic characterization. (a) Microstructure of
the DD5 base metal. (b) XRD pattern of the DD5 alloy. (c) Inverse pole figure (IPF)

map of the NiCrWMoAIRe interlayer.



Table S1. Elemental results of the EPMA points at the marked positions in

Supplementary Figure 1 (at.%).

Point Ni Co Al Cr w Mo Ta Hf Re C

1 442 093 0 133 348 136 4156 464 0 41.19
2 20.65 2.66 459 3.00 2.60 0.67 36.61 3.29 027 24.88




Figure S2. Morphologies of metal ingots and foils. (a) Metal ingot and (b) foil

morphology of NiCrSiB; (c) Metal ingot and (d) foil morphology of NiCrWMoAlRe.



Figure S3. Dimensions of tensile test specimens (unit: mm)



Table S2. Chemical compositions of the EPMA points at the marked positions in Fig. 2 (at.%).

Point Ni Cr W Mo B Si Ta Al Possible Phase
16.13 24.85 6.25 4.62 3830 0.51 034 0.76 Cr/Mo/W-rich borides

[a—

2 2389 27.87 279 164 3095 131 0.12 193 Cr/Mo/W-rich borides
3 7428 890 054 018 0 475 056 4.32 v+

4 7647 499 027 0.10 834 041 194 3.06 o _

s 7596 856 020 014 0 861 000 21a rSiBeutecte
6 4666 1582 203 221 2344 244 023 3.95 Cr/Mo/W-rich borides
7 1440 4077 538 728 2699 0 0 0.9 Cr/Mo/W-rich borides
8 770 485 017 011 764 020 126 448  Ni-rich borides
9 3062 2255 381 1024 2722 102 0 164 Cr/Mo/W-rich borides
10 72.03 830 1.84 242 005 228 0 886 ;

11 7555 879 044 028 0 390 032 6.07 y+y

12 7716 743 052 021 0 478 040 7.67 v+y
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Figure S4. Microstructure of precipitated phase of the joints. (a) The microstructure of overall SC-

joint. (b) The microstructure of ISZ and DZ. (c) The microstructure of CBZ. (d) The

microstructure of overall SS-joint. (e) The microstructure of RZ, ISZ-S and DZ. (f) The

microstructure of DBZ.



Figure S5. Elements mapping results of Figure 2f.



Table S3. Comparison of welding processes

) Si/B-free ) Mortise-tenon
This work Partial TLP
fillers structures
1100 °C for 20 1200°C for 1260°C for 60 i
Parameters ) ) ) 1280°C for 60 min
min 30 min min
Key microstructural Dispersed . Epitaxial Polycrystalline
] No borides )
features Boride Zone Growth Zone Joint
Complexity Moderate Moderate Precise Very High
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Figure S6. Nanoindentation results across different regions of the joints. (a) SC-joint. (b) SS-joint.
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Figure S7. TEM analysis of the M;B,/y interface. (a) A bright-field TEM image. (b) STEM-EDS

mapping corresponding to each element of the region in (a). (¢) Line scan results in (a)



Table S3. The formation enthalpy (AHj) for all studied binary borides'

Phase AH¢ Phase AH¢ Phase AH¢

Crp3Bg -17.47 Mo,;3B¢ -18.47 W,3Bg -15.74
Cr;B -17.26 MosB -23.62 W;B -17.26
CrsB3 -47.87 MosB; -42.31 WsB; -31.96
Cr;B, -49.42 Mo;B, -45.68 W;B, -33.96
CrB -59.99 MoB -58.31 WB -43.79
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Figure S8. Nanoindentation results across different regions of the joints. (a) SC-joint. (b) SS-joint.
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