
Magnetic Properties of Highly Pure (Cr1-xMnx)2AlC MAX-Phase 
 

K. Sobolev1, A. Pazniak2, O. Shylenko3, A. Mielewczyk-Gryń4,  
A. Emelyanov5 and V. Rodionova1 

 
1Laboratory of Novel Magnetic Materials, Immanuel Kant Baltic Federal University, Alexandra Nevskogo 

Street 14, 236041, Kaliningrad, Russia, rodionova@lnmm.ru 
2Institute of Physics, Faculty of Science, Pavol Jozef Šafárik University, Šrobárova 1014/2, 040 01, Kosice, 

Slovakia, shilenko_oleg@mail.ru 
3Institut PPRIME, Département de Physique et Mécanique des Matériaux, Bd Marie et Pierre Curie 11, 

86962, Poitiers, France, poznyak.a87@gmail.com 
4Faculty of Applied Physics and Mathematics, Gdansk University of Technology, Narutowicza 11/12, 80-

233, Gdansk, Poland, sabishizuko@gmail.com 
5National Research Center “Kurchatov Institute”, Academica Kurchatova Square 1, 123098, Moscow, 

Russia, emelyanov.andrey@mail.ru 
KSobolev1@kantiana.ru 

 
 
MAX-phases are the family of layered ternary compounds, with the common Mn+1AXn 
chemistry, where M is an early transition metal, A is an A-group element (mostly IIIA and 
IVA) and X is either C or N. MAX-phases possess the unique set of physical 
characteristics, combining metallic and ceramic ones which are high values of thermal and 
electrical conductivity, great oxidation resistance, easy machinability, tolerance to thermal 
shock and mechanical damages [1]. The major part of MAX-phases is paramagnetic, 
although the Cr2AlC compound was anticipated to be an antiferromagnet [2]. Doping of 
Cr2AlC MAX-phase with manganese on Cr-site was proposed to enhance the net magnetic 
moment of the compound [3]. However, due to the closeness of ferromagnetic (FM) and 
antiferromagnetic (AFM) states on an energy scale [4] and the poor quality of samples [5] 
it is still an actual goal to analyze the magnetic nature of (Cr1-xMnx)2AlC MAX-phase.  
 
Samples of (Cr1-xMnx)2AlC MAX-phase with x = 0, 0.025, 0.05 and 0.1 were synthesized 
using the arc melting technique and characterized by means of XRD and SEM-EDX 
analysis. Magnetometry measurements were performed using SQUID and the vibrating 
sample magnetometer. Magnetization (M) versus temperature (T) and magnetic field (H) 
dependences were obtained in the range of T from 2 K to 350 K and H from zero to 7 T. 
When the fascinating feature of the canted AFM behavior was revealed by SQUID-
magnetometry, the complex optimization procedure of the arc melting technique was 
performed to produce the highly pure phase of (Cr1-xMnx)2AlC. XRD and SEM-EDX 
analysis revealed the high quality of samples and the uniform distribution of Mn. Magnetic 
properties measurements showed the designated competition of FM and AFM interactions. 
These results provided deeper insight into the understanding of the magnetic nature of Cr-
based MAX-phases and may be used for the further application-oriented investigations. 
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