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1. DFT calculations
[bookmark: OLE_LINK258]        In this work, the theoretical calculation methods of Zr, Sc, Y and La were based on density functional theory (DFT) and implemented in the plane wave set Vienna Ab-initio Simulation Package (VASP) [1]. The electron exchange and correlation energy in DFT calculations were estimated by the projector augmented wave (PAW) method with the Perdew, Burke, and Emzerhof (PBE) exchange-correlation functionals. In the DFT calculations, the models of samples were constructed. Additionally, a vacuum thickness of 15 Å was added in the z direction of all configurations to avoid the interactions between periodic images [2, 3]. For the structural relaxations, the convergence criterion for the electron self-consistent iteration and the force on each atom were set to below 10–6 eV atom–1 and 0.02 eV Å–1, respectively. The plane-wave cutoff energy was set as 550 eV and the Brillouin zone was sampled using 4 × 4 × 1, 4 × 3 × 1, 3 × 3 × 1 and 4 × 3 × 1 k-points for the geometry optimization and the calculations of electronic structure, respectively [4, 5]. The adsorption energy (Eads) of oxygen was calculated by incorporating oxygen molecules into slab models, which was defined as follows:
ΔEads = Eslab + O – Eslab – EO2	                  (Equation S1)
[bookmark: OLE_LINK1]where Eslab + O is the total energy of oxygen adsorbed on slab models after the relaxation, Eslab is the total energy of bare slab models, and EO2 is the total energy of an isolated oxygen molecule in the ground state.  In order to simulate the oxidation process, an oxygen molecule was set with a distance of 2 Å upon the (100) surface.
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Fig. S1. The particle size distribution of (a) SiC powders, (b) Sc2O3 powders, (c) Y2O3 powders and (d) La2O3 powders.
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Fig. S2. SEM images of additives: (a) SiC, (b) Sc2O3, (c) Y2O3, (d) La2O3.
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[bookmark: OLE_LINK90]Fig. S3. Microstructural characterization of ZS20: (a) macrographs, (b-e) EDS elemental maps of the surface.
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Fig. S4. Oxidation testing of the fabricated ZrB2-SiC composites at (a) 1273 K, (b) 1473 K, and (c) 1623 K.
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[bookmark: _Hlk216687048]Fig. S5. The Arrhenius plot of the parabolic rate constants of the samples: (a) ZS20, (b) ZS20S5, (c) ZS20Y5, (d) ZS20L5.
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Fig. S6. The plots of (ΔW/A)2 versus oxidation time of the samples at 1773 K: (a) ZS20, (b) ZS20S5, (c) ZS20Y5, (d) ZS20L5.
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Fig. S7. Oxidation cross-sections of the samples: (a, b) ZS20, (c, d) ZS20S5, (e) ZS20Y5, (f) ZS20L5.
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Fig. S8. Ablation-resistant performance (MAR and LAR) of ZS20 and ZS20L5 composites in this work compared with other UHTCs from literature [6−12].
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