J. Adv. Mater. Eng., 2025;44(3)87-99. https://doi.org/10.47176/jame.44.3.1089

Journal of Journal of Advanced Materials in Engineering
ADVANCED MATERIALS ‘

— Journal homepage: https://jame.iut.ac.ir/?lang=en
IN ENGINEERING ¢

ISSN: 2251-600X EISSN: 2423-5733

Research Article

Investigating the Oxidation Resistance of HFCZrCTiC Composite at 1200 °C:
The Role of Nano Carbon Black and Silicon

Shahroukh Malae Hezarvandi and Zohre Balak”

Department of Materials Science and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran
* Corresponding author, Email: zbalak1983@gmail.com

(Received: 26 October 2024; Revised: 24 February 2025; Accepted: 25 February 2025; Available online: 16 April 2025)

ABSTRACT

Introduction and Objectives: The HfCZrCTiC composite is part of the family of ultra-high temperature ceramics used in heat
shields for spacecraft, furnace linings, supersonic aircraft components, and nuclear reactor components. The purpose of this research
is to investigate the effect of nanocarbon black and silicon on the oxidation resistance of HfCZrCTiC composite.

Materials and Methods: Four composites, including HfCZrCTiC, HfCZrCTiC containing nano carbon black, HfCZrCTiC
containing silicon, and HfCZrCTiC containing nano carbon black and silicon simultaneously were sintered at 2000 °C by spark
plasma method. The oxidation process was carried out using differential thermal analysis (DTA) and thermal gravimetry analysis
(TGA) at a temperature of 1200 °C. Microstructural evaluation and phase identification were done using a scanning electron
microscope and X-ray diffraction.

Results: The results showed that the weight changes for HfZrTi, HfZrTi-C.Bn, HfZrTi-Si and HfZrTi-C.Bn-Si samples were
obtained to be 13.5%, 16.9%, 12.9%, and 7%, respectively. In addition, the results of differential thermal analysis (DTA) revealed
that in the samples of HfZrTi, HfZrTi-C.Bn, HfZrTi-Si and HfZrTi-C.Bn-Si, the starting temperature of oxidation occurred at 480
°C, 400 °C, 500 °C, and 580 °C, respectively, indicating the lower the starting temperature of oxidation, the higher the weight
changes.

Conclusion: It was found that in HfZrTi and HfZrTi-C.Bn samples, the detected phases after oxidation included hafnium oxide,
zirconium oxide, and titanium oxide. These phases along with silicon oxide were identified in HfZrTi-Si and HfZrTi-C.Bn-Si
samples.
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ultera high temperatior ceramics (UHTCs)
. polymer injection and pyrolysis (PIP)
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