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Abstract: Refractory metals and their alloys have high melting points, excellent high-temperature strength, and good
thermal stability and are irreplaceable in aerospace, weapons and equipment, the nuclear industry, and high-temperature
measurement. However, the oxidation resistance of refractory metals is poor, which easily leads to oxidation failure in a
high-temperature environment. The preparation of antioxidation coatings and matrix alloying on the surface of refractory
metals are effective ways to improve the oxidation resistance of refractory metals and their alloys. In combination with the
systematic research of domestic and foreign scholars on the material composition, element ratio, and preparation methods,
the microstructural change, oxidation behavior, and failure mechanism of refractory metals in high-temperature
environments were expounded. The antioxidant effects and mechanisms of Si, Cr, B, W, Ti and Al in coating protection
were analysed. In addition, the effects of different coating preparation methods on the antioxidant energy were investigated.
The mechanism by which matrix alloying can improve the oxidation resistance of refractory metals was subsequently
explored. Among them, a layer of oxide is formed after the oxidation of alloying elements to play a passivation role and
improve the oxidation resistance of the matrix, but excessive addition leads to deterioration of the mechanical properties of
the alloy, and further research is still needed on how to balance the mechanical properties and oxidation resistance under
alloying conditions. Finally, the development direction and trend of oxidation protection of refractory metals in
high-temperature environments are proposed.
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Fig.1 SEM images of the TiAIN-coated Ti48 A12Cr2Nb alloy after 300 h of oxidation at 900 °C: (a, b) surface morphology;

(c¢) cross-sectional imagel
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2 Ti48AI12Cr2Nb 54228 900 °C/300 h 753 % AL J5 SEM [&]: (a, b) F IS 5 (c) #7141 45
Fig.2 SEM images of the Ti48 AI2Cr2Nb alloy after 300 h of oxidation at 900 °C: (a, b) surface morphology; (c) cross-sectional image!"”
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Fig.3 Surface AFM images and 3D surface images of the Cr coatings under different biases: (a, ¢) 0 V; (b, f) -50 V; (c, g) -100 V;
(d, h) -150 v
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Fig.4 Schematic images showing the interlayer and microstructural evolution of the Cr-coated Zry-4 alloy during high-temperature
steam oxidation: (a) Stage [; (b) Stage II; (c) Stage I11*)
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Fig.5 Schematic diagram of the oxidation processes of Mo-W-Si-B-coated samples®”

K6 10B I&)Z27E 1250 °CH AL 50 h J5 1Y EPMA J© % K550
Fig.6 EPMA elemental mapping of the 10B coating after oxidation at 1 250 °C for 50 h"
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Fig.7 Cross-sectional morphologies and EDS results of the ZMW Coating after 300 s ablation: (a) cross-sectional morphology;

(b) oxide layer morphology; (c) solid-liquid sintering zone morphology*
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B8 1000 s BEMG ZMW )2 B9 B #UATE 25 1 EDS 2528 : (a) BURTE AL ; (b) U2 TE 55 (o) AL 2 w8 511
Fig.8 Cross-sectional morphologies and EDS results of the ZMW Coating after 1 000 s ablation: (a) cross-sectional morphology;
(b) oxide layer morphology; (c) oxide layer high magnification morphology™’
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9 1600 °CHf & 5123 19 Mo-Si-B % i # 1 []7
Fig.9 Mo-Si-B isothermal section for Mo-rich compositions
at 1 600 °C™
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