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Abstract: High-entropy transition metal nitrides (HENS) are renowned for their thermal stability, corrosion and
oxidation resistance, and exceptional mechanical properties, endowing them suitable for use as surface protection
films for structural and moving components. However, mapping relationship between broadly adjustable metal
components and mechanical properties of HENSs is quite complex due to their diversity of HENs components.
Taking (NbMoTaw)N; thin film as the research object, this study prepared (NbMoTaw)N, (x = 0, 0.59, 0.80, 0.95)
thin films with different nitrogen contents by regulating nitrogen flow velocity during the film growth process based

on the magnetron sputtering technique. Following analysis of (NbMoTaW)N, thin films' composition, structure,
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morphology, and performance, the primary influence mechanism that govern their mechanical properties were

explored. The findings revealed that by manipulating nitrogen vacancy, coordinated regulation over the lattice

distortions of the nitrogen and metal sublattices was achieved. Due to high degree of the nitrogen and metal
sublattice distortions, the (NbMoTaW)Nygy sample demonstrated the highest hardness and best wear resistance

performance. After excluding factors such as electronic structure, residual stress, and grain size that affect

mechanical properties, a direct relationship between lattice distortions and mechanical properties of HENs films

was confirmed. In summary, this research has unearthed a straightforward strategy for controlling the lattice

distortions, offering a novel approach to adjust and optimize the performance of nitride films, and ultimately

providing a more effective solution to address the mechanical damage issues that arise in the context of complex

service environments.
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Fig. 1 SEM images and corresponding EDS mappings of the surfaces for (a) NbMoTaw,
(b) (NbMoTaW)Ng s, (€) (NbMoTaW)Ng g, and (d) (NbMoTaW)Ngq gs thin films
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Fig. 2 Analysis of the structural change trends
(a) XRD patterns of (NbMoTaW)N, thin films on Si(100) substrate; (b) Lattice constants of (NbMoTawW)N, thin films obtained
from XRD patterns and DFT calculations, and grain sizes of (NbMoTaW)N, thin films calculated from
XRD patterns; (c) HRTEM image and SAED pattern of (NbMoTaW)Ng g0 Sample
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Fig. 3 Bond-length distributions of (NbMoTaW)N, (x = 0.59, 0.81, 1.00)
(a) Schematic representation of the crystal structure after structural optimization; (b1-b3) 1NN atomic distance distribution of Me-N in the
supercell and Gaussian fitting curves; (c1-c3) INN atomic distance distribution of Me—Me in the supercell and Gaussian fitting curves
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Fig. 4 Schematic diagram of charge density on the (001) plane
of (NbMoTaW)N, compounds when x = (8) 1.00, (b) 0.81, (c) 0.59
Black lines indicating atomic lattice, while dashed lines indicating
empty lattice points
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Fig. 5 Trendsin lattice distortions of nitrogen and metal sublatticesin (NbMoTaw)N;, (x = 0.59, 0.81, 1.00)
as function of nitrogen content x evaluated by two methods
(a) Method one: lattice distortions o obtained from the peak width of Gaussian fitting results as described in Fig. 3; (b) Method two: lattice
distortions ¢ calculated using equations

AR FEAR—2, (NoMoTaW)Noso 7ERE TV s 4
Jig J5R 1 MV 4% v I i 4 e AR B2 23 il - 0.053+0.011
F10.177+0.024, BEAE T (NoMoTaW)N [ &R F 0 &
F AR FE 0.057+0.011, B& /5T (NbMoTaW)N )4 )&
JiR . b Wi A2 - 0.102+0.022.

UbAh, FET 70 IR T AR B AR B Ay M 45 2R
HERATE . 79k H e gt (NbMoTaW)N, (x =
0.59, 0.81, 1.00)# i & i+ 18] I BE &5, Bl s 4K
AL, 2) 7 B EUR TR 4 8 S 7 0 A A g A
BT AR (D)L Me-N 1) AINN JE T FE 1
v 2 S G805 I it A i % 52 (P21 B(bo) i £ 550):

)

Hr, d N5 i Me-N JR 751 INN TR, 4
i Me-N JE 755 (1) °F 3 AINN JE-FBE 85, n 4y INN
JRFEE S Me-N JR-FXH % E . 45 R an i 5(b)fr
R, KRR TSRS E, TN B A A e
AP TR T

NGl 0 e A R e i S I R
HhEE Ak 4 8 G R I 2 KR R 10 S R A AR
FI A 2 (2) 1 5 48 Ji T 0 s A (18] 5(b)
P& ):

)

b, DN @ Pl R TG R A 2R TR B S,
DN N Fhié: )8 e R TR FIRIEE RS, N A EY)
R ICER AR SEL 45 RL ], (NDMoTaW)Nog 1554
HABONEER MR . SERE, Wi
TCER O R, RIS TN HENS 1 i R AR B2 T

RS, B HENs fRZECS AL, 208 08
T AR P S K 5N o I FH T (NBbMoTaW) N so 45
g Z RS AR T2 “g it S ER A
HE A% BN Sy, R k> TR R 4E . A Ek
S 0 SR A% AR, 15 (NDM oTaW)No se AH
X} T (NbMoTaW)No g1 Y 4 5 A8 FE A BT A . A R
(P72, A0 4 i 0 o A 78 P S iR T
FROW, 428 R 0 R e AR (R R B 80 A6 38
SSRGS NS, H(NbMoTaW)Nose 14:
& 5 IV 7 A 5 7% 5 37 /N T (NbM o TaW) N g1 -
23 NEURSW

A8 FH 2K R 0 = DO Fob S 1) H L G ] 6(a)
Fiizx, NbMoTaw st H Al E 435 4(12.1+0.8) Fl
(229.4+10.6) GPa. 4 x = 0.59 Itf, 1T T &L
Y, (NbMoTaW)Noso # [ H. E Y345 2 KM FE 5
1k, 43 ik #)(19.5£3.1) F1(258.1+21.5) GPa. 24 x =
0.80 ¥, (NbMoTaW)Nogo #i i) H 1 E i5 2| f K,
23 99 4(23.2+2.1) F1(274.2+14.0) GPa. 24 4k £5: 4 fin 4
JoE 7 &, (NbMoTaW)Nogs A5 (1) H A1 E S iy F
F] (19.1+0.9) fil (243.3+5.6) GPa. & 6(b)4 i T
(NbMoTaW)N,(x = 0, 0.59, 0.80, 0.95) i fiE () H/E £l
HYE BEERITE SR, kit 56K 6@)
HAS R /A E AR A — 8, BRI RS
/N, FRTE x = 0.80 Bk 2| H K. thah, FIFRA
A& T BT SR T #2245, Bl S8 Stoney
AT T B FR AR N ST W 6(c) o, B
ERE BRI, (NbMoTaW)N,(x = 0, 0.59, 0.80,0.95)
FERRABR 42N YN 0.11. 0.36. —0.01 F1-1.64 GPa,
AR, XA RN HRE x (A R IR AR L
P RIME 2, AT &2 A (NbMoTaW)No os
AN R 2 AL 5 22 (1 (NOMoTaW)Nose, A & R Z
AL I (NDM OTaW) No go 7 /5 1 5 2 B8



%5 6 1 SRR, S GRS AR R IR A B AL (NDM O TaW) N, T8 15 g 2 1k o R i % 4 2k 721
30 400 0.10 0.25 1
(a) -=- Hardness -e- Modulus (b) -=- H/E . H/E? g ©)
o 241 } < 008} " {020 B
% //// \i 1350 & - <~ ot
918 /+ © 006} 0155 %
] - {300 g 8 - -
g2t v 1 3 T 0.04 | 0.10 & q -1
— 1 S -1r
g 6l ; ' If S {250 S 002} 005~
(-2
0 200 0. 0 -2
0 0.59 0.80 0.95 0 0.59 0.80 0.95 0 0.59 0.80 0.95
X X X

K6 (NbMoTaW)N, i#fisfti(a) H & E, (b) H/E R HYE?, VL% (C)AH L (5% 42 A1
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