Abstract
A study has been carried out on processing and microstructure-property relations of ZrB2 and
HfB2 based ultra-high temperature composites for applications in leading edges of hypersonic
vehicles. The effect of SiC content, additives (B4C and C), and process parameters on
densification and structure–property relations have been studied for pressureless sintered ZrB2–
(10–40 vol. %) SiC particulate composites. The amount of densification is found to increase with
sintering duration, and by prior holding at 1250 and 1600 °C for reduction of oxide impurities.
Both SiC and WC appear to aid in reduction of oxide impurities. Elastic moduli, hardness and
indentation fracture toughness increase with increasing SiC content. Presence of 20 vol. % SiC
leads to the most optimum combination of mechanical and thermal properties among the
pressureless sintered composites.
Composites having compositions of ZrB2-20 vol.% SiC (ZS), ZrB2-20 vol.% SiC-5 vol.%
Si3N4 (ZSS), ZrB2-20 vol.% ZrC-20 vol.% SiC-5 vol.% Si3N4 (ZZSS) and HrB2-20 vol.% SiC
(HS) have also been processed by hot pressing at 2000 °C. These composites have been found to
possess >99% of the theoretical density. The elastic moduli, Poisson’s ratio, hardness, flexural
strength, and fracture toughness have been measured. Among the hot pressed composites, the
ZSS composite has shown the most optimum combination of room temperature mechanical
properties. Whereas thermal conductivity of ZrB2 or HfB2 is increased on addition of SiC,
coefficient of thermal expansion (CTE) is reduced on reinforcing with SiC, Si3N4 or ZrC.
The non-isothermal, isothermal and cyclic oxidation behaviors of the hot pressed
composites have been studied. The oxide scales have been examined using X-ray diffraction,
scanning electron microscopy accompanied by energy dispersive spectroscopy facility as well as
electron probe microanalyzer with wavelength dispersive spectroscopy. These studies have
shown that the oxide scales have an outer layer of borosilicate (B2O3 + SiO2) and inner layer
comprising ZrO2 or HfO2 in case of ZS or HS, respectively. It has been observed that oxidation
resistance of HS is superior to that of ZS on isothermal exposure at 1200 °C and 1300 °C.
However, the trend gets reversed on cyclic oxidation, because of greater coefficient of thermal
expansion mismatch between oxide scale and the substrate is greater in HS than that in ZS.
Addition of Si3N4 is found to increase oxidation resistance by enhancing kinetics of borosilicate
scale formation.
Compressive creep tests have been performed for ZS and ZSS at constant load in air at
different combination of stress (93−140 MPa), temperature (1300−1425 °C) and time duration
(20−40 h). The stress exponents of ZS and ZSS have been found to decrease from 1.7 to 1.1 and
from 1.6 to 0.6, respectively with increase in temperature. Furthermore, the activation energies
have been found to be ≈95±32 kJ/mol at temperatures ≤ 1350 °C, and as ≈470±20 kJ/mol, at
higher temperatures. These results along with study of post−creep microstructures suggest that
grain boundary sliding is the operating mechanism and it is accompanied by O2− diffusion
through intergranular glassy film at temperatures ≤ 1350 °C, whereas it occurs by viscoplastic
flow of at higher temperatures. Addition of Si3N4 is found to enhance mechanical properties at
ambient temperature besides oxidation resistance, but it lowers the creep resistance at elevated
temperatures. This study has shown that addition of 20 vol. % SiC leads to the best combination
of desirable mechanical, thermal and oxidation properties. However, damage resistance during
ablation at 2200 °C is enhanced by ZrC addition. The mechanisms of thermal transport, creep,
oxidation and damage during ablation have been established through this study.
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