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TG B FCC-CrN(1 X 1 X 2@ M F ) n(n=1~8)1
Cr Ji 7, M3 2 FCC 4581 Cr;AlNg. CreAlNg.
CrsALiNg. CryALLNg. Cr;AlsNg. Cr,AlgNg. CrAl;Ng
H1 AlgNg 8 > Cry ALN [y AR,

1 FCC-CrN {5 CrN(1 X 1 X 2)iB fu s
Fig. 1 Models of FCC-CrN crystal cell (a) and CrN(1X1X?2)
supercell (b)
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Table 1 Equilibrium lattice constants (a=b=c) or bond length
(d) of solid FCC-Al, BCC-Cr, FCC-CrN and gaseous N,

molecule
Bond length/ A
Material Parameter Error/%
Calculated  Experimental
FCC-Al a 2.8846 2.88 121 0.16
BCC-Cr a 3.9994 405121 1.25
FCC-CrN a 4.0716 4,161 2.13
N, d 1.138 1.098! 3.64
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Fig. 2 Calculated lattice constants (a, b, ¢) and cell volume (V)
of FCC-Cr_,ALLN (x=0—1) crystal cell with different Al solid

solubilities
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Fig.3 c¢/a and ¢/b of FCC-Cr,_,ALLN (x=0—1) crystal cell with
different Al solid solubilities
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Fig. 4 Cr—N bond length values along [100] and [010]
crystal directions of FCC-Cr;_,ALLN (x=0—1) crystal cell with
different Al solid solubilities
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Fig. 5 Calculated cohesive energies of FCC-Cr_ALN
(x=0—1) crystal cell with different Al solid solubilities

2.3 FCC-Cri_ ALN & REBIH 9 BEHLF
HARARICSIR R W, 75— 1) AL [ )% S Ah ikt
BE4AT T, FCC-Cr o ALNG=0~1)3% /= 2 B A AH 10 70
fift, =Rl Al B KA SRS IR A
[Flo SRT, RAHEFEXN AR Al E¥E T FCC-
Crim ALN(x=0~1)% 2 A 400 il % 47 S JE =) 1w i =
AT RGHIT, B, JLHa LRI R i 4E
T, AWgEE— 2% FCC -Cri ALN(x=0~1)i4:2

A BERI I R AR L= (L 6)ET T 4T &
B IIHT, XS4 BTN N R o e AH 384T
WHE, W)~ R

(1-x)(FCC-CrN)+x(FCC-AIN) |

(1=)(FCC-CrNytx(HCP-AIN) |

o L1=0/21CeNH[(1-x)/4]N,+x(FCC -AIN) |

N [ [(1=%)/2]Ce,N+[(1=x)/4]N,+x(HCP -AIN) |

FCC-Cr,_ALN

(1=x)Cr+[(1-x)/2N,+x(HCP-AIN) |

Bl 6 FCC-Cri_ ALNG=0~1)¥Z I R4
Fig. 6 Thermal decomposition paths of FCC-Cr_,ALN
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Phase structure stability and thermal decomposition
mechanism of CrAIN hard cutting tool coating

ZHANG Jian" %, TANG Wang"?, MAO Cong" % TANG Kun"2, YU Xiao-feng" 2,
LONG Chun-guang"?, PENG Ping’

(1. Key Laboratory of Lightweight and Reliability Technology for Engineering Vehicle,
Education Department of Hunan Province, Changsha University of Science and Technology, Changsha 410114, China;
2. Key Laboratory of Security Design and Reliability Technology for Engineering Vehicle,
Education Department of Hunan Province, Changsha University of Science and Technology, Changsha 410114, China;
3. College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: Using first-principles calculations method based on density functional theory, the microscopic geometric
configurations, phase structure stability and thermal decomposition mechanism of the face-centered cubic (FCC)
Cri—,ALLN (x=0~1) hard cutting tool coating with different aluminum solution concentrations were systematically studied.
The origin of phase structure stabilities were also analyzed from the perspective of electronic structures. The results show
that the crystal cell of FCC-Cr,_,Al\N gradually contracts with the increase of Al solid solubility, while the magnitude of
lattice distortion becomes large firstly, and then becomes small. The magnitude of lattice distortion is the largest when the
Al concentration x is 0.5—0.75, which provids the driving force for the precipitation of hexagonal close-packed (HCP)
AIN compound. The calculations of cohesive energy and decomposition enthalpy reveal that the phase structure stability
of FCC-Cr,_,ALN is gradually weakened with the increase of Al solid solubility, and it is likely to decompose according
to the paths of FCC-Cr;_,Al,N—(FCC-CrN)+(HCP-AIN)—(HCP-Cr,N)+N,+(HCP-AIN). The analysis of electronic
structures indicates that the intrinsic reason of the weakened phase structure stability of FCC-Cr—,ALLN with Al solid
solution should be attributed to the weakened covalent bond strength between Cr and N in Cr;_ AlN crystal cell with the
increase of Al solid solubility.

Key words: CrAIN; hard cutting tool coating; phase structure stability; thermal decomposition mechanism;

first-principles calculation
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