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Abstract. In the present study, the fracture behavior of polycrystalline alumina is investigated at the 

microscale under controlled humidity conditions to elucidate the role of humidity-driven slow crack 

growth (SCG) in degrading fracture resistance.  

Alumina is widely used in biomedical applications due to its biocompatibility and chemical stability 

[1]; however, its intrinsic brittleness and sensitivity to environmental moisture can significantly 

influence long-term performance in physiological environments [2]. 

 

 Microcantilever specimens were fabricated by laser ablation and plasma-focused ion beam milling 

and subsequently tested using a displacement-controlled nanoindenter within a controlled-humidity 

setup. A phase-field modeling framework was developed to interpret the experimental observations, 

integrating SCG effects through humidity-dependent degradation of fracture properties informed by 

the measured Kp–RH trend. 

 

The experimental results revealed a sigmoidal dependence of the fracture resistance on relative 

humidity, delineating two distinct regimes. At low humidity levels, alumina exhibited a nearly constant 

fracture toughness of Kp = 2.53 MPa√m, indicating negligible SCG activity. As humidity increased, 

moisture-assisted crack propagation became dominant, reducing Kp to 1.92 MPa√m (Figure 1).  
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Moreover, the proposed numerical model accurately reproduced these behaviors, achieving a 

Concordance Correlation Coefficient of 0.93, and thus providing a validated approach to simulate SCG 

phenomena in brittle ceramics. 

 

This study advances the understanding of moisture-driven fracture mechanisms in bioceramics and 

introduces a computational tool capable of capturing environmentally assisted crack growth, thereby 

enabling more reliable calibration of predictive numerical models supporting the design and long-term 

durability of biomedical components operating in hydrated environments, such as dental implants and 

ceramic crowns. 
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