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Fig. S1. XRD patterns of ZrW2O8 after calcination at different temperatures and for different durations under Ar atmosphere

Fig. S1 presents the XRD patterns of pure ZrW2O8 calcined at different temperatures and holding times in an Ar atmosphere. The results show that ZrW2O8 remains stable below 700 ℃ without obvious decomposition products. When the temperature reaches 700 ℃, characteristic diffraction peaks of ZrO2 and WO3 appear, indicating the decomposition of ZrW2O8. 
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Fig. S2. XRD patterns of MSABs adhesive doped with different concentrations of ZrW2O8 after calcination at various temperatures in Ar atmosphere (a: 40 wt.%; b: 60 wt.%)
Fig. S2 presents the XRD patterns of 40 wt.% and 60 wt.% ZrW2O8-modified MSABs adhesives after heat treatment at 700-900 ℃. The adhesives with different modification contents exhibit consistent phase evolution behavior: the main phase is incompletely decomposed ZrW2O8 at 700 ℃; ZrW2O8 decomposes significantly to form ZrO2, WO2, and WO3 at 800 ℃; and new phases such as AlPO4 and SnxWO3 are formed at 900 ℃. As the ZrW2O8 modification content increases from 40 wt.% to 60 wt.%, the intensities of the characteristic diffraction peaks of the decomposition products ZrO2, WO2, and WO3 gradually increase, indicating that a higher ZrW2O8 dosage promotes the formation of decomposition products.
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Fig. S3. FT-IR patterns of MSABs adhesive doped with different concentrations of ZrW2O8 after treatment at various temperatures (a: 40 wt%; b: 60 wt%)
Fig. S3 displays the FT-IR spectra of MSABs adhesives modified with 40 wt.% and 60 wt.% ZrW2O8 after calcination at 700-900 ℃. The W-O-Zr peak at 885 cm-1 gradually weakens and the W=O peak emerges with rising temperature, indicating the progressive decomposition of ZrW2O8. Notably, the B-O peak at 1367 cm-1 exhibits concentration-dependent evolution: it is insignificant at 700 ℃ and only prominent at 800-900 ℃ for the 40 wt.% ZrW2O8-modified MSABs, while it is clearly observable at all three temperatures for the 60 wt.% ZrW2O8-modified MSABs. This is because  higher ZrW2O8 content introduces more lattice defects and heterogeneous interfaces to accelerate B4C oxidation kinetics. The Si-O peak at 448 cm-1 reflects the ceramization process of the silicone resin matrix.

[image: TG-DSC 40+60]
Fig. S4. TG-DSC curves of different adhesives from room temperature to 800 ℃ (a: 40 wt.%; b: 60 wt.%)
[bookmark: _GoBack]Fig. S4 presents the TG-DSC curves of 40 wt.% and 60 wt.% ZrW2O8-modified MSABs adhesives from room temperature to 800 ℃. Within 400-800 ℃, the 40 wt.% ZrW2O8-modified MSABs shows a continuous mass loss up to 8.25%, while the 60 wt.% ZrW2O8-modified MSABs stabilizes at 6.60% after 700 ℃. The 40 wt.% ZrW2O8-modified MSABs exhibits multiple exothermic peaks, whereas the 60 wt.% ZrW2O8-modified MSABs shows a single exothermic peak. Higher ZrW2O8 content effectively compensates for mass loss and restrains resin exothermic oxidation, an effect absent in the 40 wt.% ZrW2O8-modified MSABs due to insufficient modification.
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