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Preparation of MAX Phase Films at Low Temperature .
Research Progress of Phase Formation and Properties

HUANG Shenghui LUO Yangwei TANG Jiaoning GU Kunming
(College of Material Science and Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: MAX phase thin film materials are one of the hotspots of materials research. The preparation technology of MAX phase film
is reviewed, the typical methods to promote MAX phase film formation at low temperature in the literature are introduced, and the
influencing factors and growth mechanism of low temperature deposition MAX phase film are analyzed and discussed. It is pointed out
that the main difficulties in the preparation of MAX phase film are lower the temperature and reduce the generation of impurity phases.
Statistics and comparative analysis of the several main performance data of MAX phase film materials in the literature, including
electrical conductivity, corrosion resistance, hardness and modulus, point out that the corrosion resistance data of MAX phase film
materials are not sufficient and systematic, even there is a certain inconsistency, and more research is needed on the behavior and
mechanism of its corrosion resistance.
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Fig. 1 Typical MAX phase structure diagram'"’
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Table 1 Statistics of resistivity and mechanical properties of Max phase materials

Resistivity of bulk

Resistivity of films

Modulus of bulk

Modulus of films Hardness of bulk Hardness of
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p/(pQ-cm) p/ (pQ-cm) E/GPa E/GPa HV/GPa HV/GPa
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corr corr

in different solutions

Solutions Type 1.,./( Arem™?) E../V  References
Ti, AlC 2.49x107° -0. 635 [126]
Ti,AIC, 2.52x107° -0. 699 [126]
2.16x107° -0.376 [119]
{M RS0, T Sic, 1. 68x107° -0.699  [126]
Ti, AIN : :
Cr, AlC 2.63x107 -0.551 [126]
- ~=0.4 [71]
Ti, AIC 1.3x107° -0. 699 [126]
Ti,AIC, - -0. 699 [126]
4.96x107° -0. 459 [119]
1 M NaOH Ti;SiC, - -0. 699 [126]
Ti, AIN 1.55x107* -0. 697 [126]
Cr,AlC - ~=0.7 [71]
Ti, AIC 4.18x107° -0. 699
Ti; AlC, 1.18x107* -0. 699 [126]
I MHCl Ti;SiC, 2.17x107° -0. 699
Ti, AIN 2.7x107* -0. 699
Cr,AIC - ~=0.4 [71]
Ti, AIC 5.82x10°° -0.301 [122]
3.5% NaCl Ti,8iC, (7.389+2.6) %107’ 0.02 [127]

(3.86+0.02)x1077 —0.015£0.02 [128]
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