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ABSTRACT: Carbon/carbon (C/C) composites are considered as one of the most promising structural materials in aerospace

field owing to their excellent mechanical properties at high temperature. However, the oxidation problem at high temperatures in
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oxidizing environments significantly restricts their practical application. Coating technology is an effective method to improve
oxidation resistance of the substrate and ZrB,-SiC ceramic coatings are very suitable as high-temperature protection coatings for
C/C composites due to their excellent oxidation resistance, ablation resistance and thermal shock resistance. The microstructure
evolution of ZrB,-SiC ceramic coatings during the process of oxidation and ablation was introduced, and the high temperature
protective mechanism was clarified. Then, the advantages and disadvantages of the main preparation methods (pack
cementation, CVD, plasma spraying) of the coatings were reviewed, and the oxidation resistance and ablation resistance of
coatings prepared by different methods were compared. Moreover, in view of the problems existing in the research and
application of this coating, such as low density of the coating, uneven distribution of elements, narrow application temperature
range and the poor thermal compatibility with the substrate, the modifications research status of the coatings were summarized
from the aspects of powder modification and doping modification, and the significance of spray drying and induction plasma
spheroidization (IPS) for ZrB,-SiC powders to improve the performance of plasma sprayed coatings was emphasized. Finally,
the main problems and future development directions of this coating system were pointed out from the aspects of coating
preparation, structure design, modification and performance test.

KEY WORDS: ZrB,-SiC; ceramic coating; oxidation resistant coating; plasma spraying; pack cementation; C/C composites
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Fig.1 Macroscopic images of SiC/ZrB,-SiC/ZrB,/SiC coated on graphite before and after ablation:

a) before ablation; b) after ablation
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Fig.2 Basic principle of plasma spraying
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Fig.3 Cross-sectional micrographs and element mappings of ZrB,-SiC coatings:
a) cross-sectional micrographs, b) EDS element mappings
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Tab.1 Comparison of oxidation resistance of coatings prepared by two methods

Oxidation

Substrate Coatings temperature/'C Time/h  Weight change/% Prepare method Ref.
Graphite Z1rB,-SiC/SiC 1500 10 +1.7 Two-step PC [16]
Graphite ZrB,-SiC/SiC 1500 19 -2.9 Two-step PC [20]
C/SiC composites Z1B,/SiC 1700 2 -5.19 painting slurry+CVD  [21]
C/C composites SiC/ZrB,-SiC/SiC 1500 110 No details PC+CVD [41]
C/C composites ZrB,-SiC 1500 4 +4.25 PS [42]
C/C composites SiC/ZrB,-SiC-Si 1500 150 +0.89 Two-step PC [60]

F2 BMFTEHEFHRETRMERERT L

Tab.2 Comparison of ablation resistance of coatings prepared by two methods

Ablation Linear ablation

Flow rate/(L-h™")

Substrate Coatings time/s rate/(um-s ') o o, Prepare method  Ref.
Graphite SiC/ZrB,-SiC 200 4.647 1300 1900 Two-step PC [3]
C/SiC composites Z1B,/SiC 30 23.6 1512 1116 shi)rii;an%D [21]
C/C composites ZrB,-SiC 40 4.4 720~1080  360~720 PC [26]
C/C composites SiC/ZrB,-SiC 60 0.6 1512 1116 PC+SAPS [24]
Graphite SiC/ZrB,-SiC/Z1B,/SiC 298 0.57 1800 1900 PC+CVD [31]

C/C composites ZrB,-SiC/SiC 60 0.56 880 650 SPS+CVD [41]
C/C composites SiC/ZrB,-SiC-Si 30 0.21 1440 1440 Two-step PC [60]
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Fig.4 Diagram of a common laboratory scale spray
dryer (droplets and granules are depicted
oversized for better visibility)!*”!
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JE HBMARTE SR 5 BioR, nTRLE B, Wk R

TRFRIH ZrB, Al SiC UKL M 145, KLARHU/INGY SiC
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L, BRI ECE TR o N A5 S 1 BR AL AL BRI 4 5
I 6 s, WLAE H, B ARy eRip Bt — 4

s WS RLG ZrB,-SiC BRIE R4 b i JE 40 e )
Fig.5 Morphologies of agglomerated ZrB,-SiC powders after
spray drying: a) low magnification; b) single powder'®!

b HURBORL A R X

Kl 6 IPS ALFRIS Y ZrB,-SiC ALY
Fig.6 Surface morphology of the IPS-treated ZrB,-SiC
powders: a) single powder; b) %ranular and
cutectic-like zones®"!
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b IPSAEHS

K7 B3 ZiB,-SiC UIBUEM G
AN A S A R T (1T 35 )
Fig.7 “Single splat” morphologies of the a) agglomerated,
b) IPS-treated ZrB,-SiC powders on the
mirror-polished steel substrates!™

3.2 ZrB,-SiC jyis &M1&
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