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ABSTRACT: To design and prepare long-life tool coating used for high speed cutting the difficult-to-machining materials. In
this paper, using three target magnetron sputtering technology, V-Al-C-N nano-composite coatings with different C content were
prepared by changing the sputtering power of graphite target and adjusting the ratio of different lubricating phases. The
mechanical and friction properties of the coatings were tested by a nanoindentation instrument and a high-temperature friction
tester. The microstructure and friction and wear surface morphology of the coating was observed by transmission electron
microscope and scanning electron microscope, and its wear mechanism was analyzed. The V-Al-C-N nanocomposite coating
had excellent mechanical properties. When the content of C was 29.40at.%, the hardness and elastic modulus of the coating was
as high as 36.3 GPa and 370.5 GPa respectively and had good tribological properties in a wide temperature range from RT to
650 ‘C. RT friction conditions are mainly in the form of abrasive wear, with very shallow wear marks. The coefficient of
friction (COF) is 0.43. When working at 300 C, compared with VAIN coating, the structure of amorphous wrapped
nanocrystals reduces the COF by 14% to 0.72 after C doping. The wear mechanism includes abrasive wear and oxidation wear.
At 650 C, a large number of furrows appear in the wear marks, and a large number of wear debris are compacted on both sides
of the friction track. At this time, the oxidation reaction is obviously intensified, V,0s lubricating phase is formed on the coating
surface, and the friction coefficient is stable at 0.35. Using the preparation method of three target magnetron sputtering
technology, introduction of C can improve the mechanical properties of VAIN coating, reduce the friction coefficient of the
coating at the range of the medium to high temperature to a certain extent. The change of friction coefficient of different coatings
is related to the wear mechanism of the coating.

KEY WORDS: V-AI-C-N; lubrication in a wide temperature range; mechanical property; nanocrystalline wrapped by

amorphous; V,0s
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Fig.1 Schematic of magnetron sputtering equipment
with three targets

®1 AECEEM V-A-CNEEMTIRSH
Tab.1 Deposition parameters of V-Al-C-N coatings

. . Ar flow/ N, flow/ Target power/W Pressure/ Deposition Distance/
Coatings Bias/V L . . .
(mL-min") (mL-min™) C Pa time/min cm
Etching -400 65 30
Ti layer —-180 20 90 0.3 60 6.5
V-AI-C-N layer  —180 20 5 0, 20, 50, 80, 110, 120 0.5 180
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W R a4 2 R (H ) RSP (E), Ml
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Tab.2 Composition, thickness, and roughness of V-Al-C-N coatings with different C contents,
and sputtering power of graphite target

Elemental composition/at.%

Sample (ID) v Al C N Thickness/um Ra/nm Graphite target power/W
S1 25.06 29.95 0 43.49 1.50 1.42 15.30 0
S2 13.46 23.02 14.03 47.62 1.27 1.55 14.80 20
S3 12.12 23.14 18.36 45.33 1.06 1.59 8.01 50
S4 15.69 22.70 23.58 36.58 1.45 1.59 7.53 80
S5 12.62 22.13 29.40 34.72 1.12 1.54 7.02 110
S6 9.68 15.19 32.02 42.01 1.10 2.00 6.76 120

a S1 (0%C)

d S4(23.58%C)

b S2 (14.03%C)

e S5(29.40%C)

£ S6 (32.02%C)

Bl 2 AR C &Y V-AL-C-N 2 1 HUH E 3
Fig.2 Cross-sectional SEM micrographs of V-Al-C-N coatings with different C contents
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Fig.4 (a) H and E of the V-Al-C-N coatings with different C content, (b) load displacement curves of samples, (c) H/E and H*/E*
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Fig.5 Friction coefficient of the V-Al-C-N coatings with different C contents tested at (a) RT, (b) 300 C, (c) 650 C

Distance/m
¢ 650 °C

fiim. K 6a 25T 2K [R] i EE 520 3k s B R 1)
XRD fiifH, 7T 52.3°4b i R L iR A& 4 )
FLARIEE ) 33.1°400 AIN 0§, R iR 2 HR0E 2457 7%,



- 82 - * m ¥ AR 2022 4E 2 A
—— 650 C  NipyCrosFes VN Vanadium nitride/ j Amorphous
— 300 C #V,0, » AIN carbide region | carbide region
«— > = >
- R’f v VO, * » VN * ! 2V,0;
£l Sleet o A 650 C
Sl oyaly T, a3 ! J\ o] S :
2 % 2 300 C
£ D g : D G
1=t [ I | = 1
= e , aalis !
10 20 30 40" 50 60 70 80 90 500 1000 1500
20/(°) Raman shift/cm™
a XRDi%HE b hEEHE

Bl 6 S5 U2 1A [ i B2 B SR PR PN ) XRD 3% P A 0% ]
Fig.6 (a) XRD, (b) Raman spectra from the worn surface of S5 tested at different temperatures
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Fig.7 TEM image and selective area electron diffraction (SAED) pattern (a), high-resolution TEM images
for the S5 worn surface after friction test at 300 C (b)
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Fig.8 Worn morphologies and corresponding elemental surface distribution for S5 sample after
friction teat at different temperatures: (a) room temperature
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Tab.3 The composition of worn scars at different locations
at.%
Position C N o Al A% Ni

A 21.56 31.71 8.66 21.36 15.96 0.75
B 30.12  35.86 1.25 17.67 14.61 0.49
C 12.85 18.66 2523 16.74 1198 14.54
D 19.61 35.20 3.11 2371 17.44 0.93
E 8.95 6.97 28.57 32.04 2221 1.26
F 8.59 5.62 3095 30.81 22.64 1.39
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