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Article Information Abstract
Accepted: Introduction: Mullite is a key high-temperature ceramic phase widely
2026/04/28 recognized for its outstanding properties in advanced refractory and
structural applications. Accordingly, it has attracted considerable attention
Recceived: for the development of advanced high-temperature structural and refractory
2026/02/22 ceramics.
Keywords: Methods: In this study, the synthesis and sintering behavior of mullite

ceramics derived from lIranian andalusite through mechanical activation

were investigated. After initial characterization, the andalusite powder was
subjected to 60 h of high-energy ball milling, and its phase evolution,

Andalusite , microstructural development, and densification behavior over the
Mechanical temperature range of 800-1500 °C were compared with those of the
activation , untreated sample.

Mullitization , Findings: The XRD results showed that 60 h of mechanical activation
Phase evolution , completely disrupted the crystalline structure of andalusite and significantly
Sintering behavior, | increased its structural microstrain. Heat treatment in an electric furnace
High-temperature revealed that mechanical activation lowered the onset temperature of
ceramics mullite formation by approximately 400 °C, so that mullite formation

started at 800 °C and became the dominant phase above 1200 °C. The
crystallite size, calculated using the Scherrer equation, remained within the
nanocrystalline range of approximately 8-13 nm. In addition, Williamson-

Hall analysis indicated that the lattice microstrain was about 0.55 at 1000
°C and gradually decreased with increasing temperature, approaching nearly
zero at 1500 °C. SEM observations of the samples sintered at 1500 °C
showed that mechanical activation promoted the formation of finer, more
elongated, and more uniformly distributed needle-like mullite crystals, with

Corresponding . ! ) .
an aspect ratio of approximately 8-15, along with a denser microstructure

Author: . . ;
Mohammad compared with the untreated sample. As a result, the mechanically activated
Sadegh Abdi powder exhibited more stable densification behavior and achieved higher

relative density at lower temperatures.

Conclusion:Overall, the findings demonstrate that mechanical activation
is an effective approach for producing fine-grained and homogeneous
mullite ceramics and offers strong potential for high-temperature aerospace

and defense applications.
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