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MAX phases are hybrid nanolaminates with a hexagonal structure, composed of three elements, called 

M, A, and X, which were discovered in the 1960s. Due to their unique properties, MAX phases are now 

the subject of intensive research, especially for their mechanical and thermal properties. MAX phases 

are considered as a bridge between metal and ceramic, combining the properties of both of these 

materials . 

 

This work is focused on the development and characterization of advanced hybrid nanolaminates based 

on ternary Mn + 1AXn, (where M = Hf, Zr, Sc; A = In; X = C and n = 1) and binary MXene, (where M = 

Ti and X = C) in the form of thin films . Thin films were prepared using a LEIF technique and further 

were irradiated with 35 keV Ar
+
 with a fluctuation of 10

15
 cm

-2
 [2]. Characterization of all thin films 

was performed to describe the physical, chemical, and mechanical properties, and their structure. 

HRTEM studied the microstructure and SAED analysis confirmed the formation of M2AX (Hf2InC, 

Zr2InC a Sc2InC) and M2X (Ti2C) phases. Nuclear RBS analysis was applied to determine the 

stoichiometry of samples. The values of Young's modulus of elasticity and microhardness were found by 

nanoindentation. 

 

HRTEM/SAED analysis showed the formation of M2AX phases: Hf2InC, Zr2InC and Sc2InC (Fig. 1a-f) 

and Ti2C (MXene) (Fig. 2a-c). The formation of nanograins within the Hf2InC and Zr2InC films Hf2InC 

was observed. They are destroyed and damaged by radiation with an Ar+ ion beam with high fluences. 

Nanoindentation has shown that the modulus of elasticity and microhardness of Hf2InC and Zr2InC thin 

films is comparable to the MAX phases known so far. The Sc2InC phase has these lower values. Ion 

bombardment of Hf2InC thin films leads to a gradual decrease in the values of the modulus of elasticity 

and microhardness, while after a high dose of irradiation there is a large decrease in these properties due 

to increased radiation damage and degradation of the MAX crystalline structure. 

 

Nanoindentation of the Ti2C phase shows excellent mechanical properties. These even exceed the values 

measured for MAX phase thin films. HRTEM analysis of the studied Ti2C thin film showed an 

amorphous structure along with the crystalline TiC particles at the edge of the sample plane before 

irradiation. The probability of the formation of the Ti2C phase is also confirmed by the RBS (NRA) 

spectrum, where it was found that the stoichiometry of the elements corresponds to Ti2.2C. 
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Figure 1. HRTEM/SAED analysis of (a) Hf2InC, (b) Zr2InC, (c) Sc2InC and their corresponding 

electron diffraction (d) Hf2InC, (e) Zr2InC and (f) Sc2InC. 
 

 
Figure 2. HRTEM analysis of (a) Ti2C, (b) SAED of Ti2C and (c) cubic TiC. 
 

 
Figure 3. Nanoindentation results of (a) MAX phases Hf2InC, Zr2InC and Sc2InC and (b) 

MXene phase Ti2C. 
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