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Abstract: MAX phase coating with laminar structure possesses the superior combination of ceramics and metals.
Particularly, the rich M-position elements in MAX phase can be oxidized easily to form the lubricating phase at high
temperature friction, which makes it a promising self-adaptive lubrication, excellent oxidation and corrosion resistance
over a wide temperature range. In this study, the dense V,AIC MAX phase coating was successfully fabricated by
arc/sputtering hybrid deposition technology and post-annealing.

The V,AlIC MAX phase coatings were fabricated on nickel-base superalloy substrates (230 mmXx3 mm) using a
home-made combined arc/sputter equipment, followed by vacuum annealing. The rectangular aluminum target (mass
fraction: 99.9%; 400 mm=100 mmx7 mm) and the circular vanadium target (mass fraction: 99.9%; @128 mmx15 mm)
were applied as sputtering source and cathode arc source, respectively. All eight substrates were suspended on a pre-

fixed rack by iron wire and apart 3 cm. Prior to deposition, the chamber was evacuated to a base pressure of 1.5x10" Pa
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to eliminate air, and then the chamber was heated to 100 “C. To improve the adhesion strength, all substrates were pre-
etched by Ar’ bombardment for 60 min, and then a V interlayer (thickness of ~1 000 nm) was deposited by pure arc
technology. During V-Al-C coatings deposition, the reactive gas of CH, and Ar (flow rate ratio: Ar/CH, = 5/40) to keep
a total pressure of 1.3 Pa. To ensure all substrate surface were coated uniformly, the substrates were rotated on their axis
in the front of Al targets with a target-substrate distance of 5 cm. During deposition, the power of V and Al targets was
kept at 17 W and 3.2 kW, respectively. Substrate negative bias voltage of -200 V was applied to the substrate during
both etching and deposition processes. After deposition, a post-annealing treatment was applied to transform the V-Al-C
coating to V,AlC MAX phase coating at the condition of 750 °C and 2.0x10* Pa for 1 h.

Subsequently, the friction behavior and the wear mechanism were focused over a wide temperature range from
25 °C to 700 °C. The results showed that V,AIC coating has serious shear deformation at 25 °C to 300 °C, and wear
failure was mainly caused by abrasive wear. The main friction failure at 500 “C was dominated by adhesion wear and
abrasive wear, and the top layer of the coating showed signs of oxidation. However, when the temperature was beyond
600 °C, the diffusion and oxidation of V element occurred and the layered V,05 lubricating phase emerged, which
favored the significant reduction of friction coefficient, and the wear type was mainly oxidation wear. As a result, the
V,AIC coating presented both the low wear rate and excellent tribological properties at high temperature of 600 °C. At
700 °C, the oxidation degree of the coating increased, and the oxidation wear was the main reason for the lubrication
failure of the coating. It was worth noting that V,AIC coating had poor lubrication performance in the low and medium
temperature range. The low shear oxide V,05 lubricating phase formed at 600 °C was the key to maintaining low friction

and wear and long-term stability of the coating. However, V element was easily oxidized at high temperature, which
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limited the protection application of V,AlC coating at higher temperatures.
Key words: MAX phase coating; V,AlC coating; phase evolution; high temperature friction; oxidization
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Table 1 Deposition parameters of V-Al-C coating
Current/A
Procedure Ar flow/sccm CH, flow/sccm Pressure/Pa Bias voltage/V
Tonbeam Arc Sputter

Etching 200 - 2 200 0.2 - -
TiC layer 50 50 - 80 - 70 -
V-AI-C layer 200 25 1.3 200 - 60 7.5
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Fig. 1 Schematic of the ball-on-disc rotary configuration

employed in the wear test
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Fig. 2 (a) SEM micrograph of surface of the as-prepared V,AlC coating and corresponding EDS mapping; (b) SEM micrograph of
cross-section and corresponding line-scanning; (c) SEM micrograph of surface of the as-prepared V,AlIC coating after polishing;
(d) XRD pattern and Raman spectra of the as-prepared V,AlC coating; (¢) XPS analysis of the as-prepared V,AIC coating
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Fig. 3 (a) Friction coefficient curves, (b) average friction coefficient and wear rate and

(c) hardness and elastic modulus of V,AIC coating
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Fig. 4 XRD pattern of the V,AIC coatings in non-wear area after friction test at different temperatures: (a) 25, 300 and 500 °C;
(b) 600 and 700 °C; (c) appearances of the coated samples after friction test at high temperatures.
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K6 V,AIC IE4RIFE (a) 300 °C, (b) 500 CHI (¢) 600 C &AL 100 min/5 A5 i HTEDS £ 471 1 KA T 234 &

B Hx S E T 0 N 2, AbERDNE VA
O AL, WEXRIMNAUTER N E S, BARAVLAIC Ik)=
1) = AHTF DR B, (HR A2 T THAZE LI, X A2
FVILR AN BT HAERECO, [ A BLE i 5T 28 8

A IS, 1X 4

B VY OB IE AR N E TR NG

BB LA R, T NI R 2 i A, DR i )2 1) JE R
WG 0 228.9 pum. 700 °C B T4 2 EAL 5, Bl
TSI EL.



55

IR, 5 VL,AIC MAXHRJZ B T8 Ik EE B 22 M RE T AL 545

24 V,03RBEEFITANZMN

B 7 BT 7 23 il 2 AN [l B S U 2 PR 48 i 1 S R 1)
=4EBD)ACER . HET7RT LA HAE25. 3001500 CF
(34N U 2 1 it R BB IR AR WL AL, Hoh25 C T BB
IR T8 FE 9100 um, BEIR B BB 300 CF B IR 5
FER200 pm, BE IR AL B 5 1V 22 AN [ RS B0, A
s 500 °CTF BB IR T 5 R IR B S0 o, O (0]
R B S . (HAE600 CHEHL T, 12 LR THIRH G 1
T, A BE IR B8 250 pm, BEIRIRE N1 um, K%
JE RS T, BE R FFH 58 B 700 CINF IR = B IR
B FEIRF]1.5 mm, TR AT, Biis g
FASJE A7 SZ BEH ), TR, 5 HAthlia FE AR EL, 700 <C
IS (R 25 B 47 2 S 1.

KI8T i 2 B R (1 SEMIFR i FAF X6 87 (14 =5 358
O . 7R QS °C)F, B m L EobiE [E8((a).
35 FE T 22300 F1500 CHF[EI8(b, c)], BEIRAS KL,
300 CH B IR 2 T 52 I ok, 2 3R 2 70 BE 453 0 5]
RAE T T E I BIYIAR I ; 500 °CHIBEIR HE300 °CHITE,

Z/pm
5
1.0 c H4

05E ||
= 3

0.0 |
l 2
0.0 02 04 0.6 08 1.0 1.2 14 1.6 1.8 !

x/mm
0
(a)25 C

Z/pm
‘5

w |
=] 4

05 E

= 3
0.0 ‘i 2

1
0.0 0.2 04 0.6 08 1.0 1.2 14 1.6 1.8 0

X/mm
(c) 500 C

EHE R A GRR. X2 A VL,AICER ETE300 CH
BOFAEALIA R 1 H500 °C R g2 BT R Ak (E3),
SEEAE BB, AL, EEBEAFIAER T, R
T I S8 A DV O, 1A B T 3 T, 5 B30 2 0 A% v i A 1
JR BB KBS, IR 2 AR (R, S AR R IR T
W AN BB AR OB AR B D, AN B B R A,
T BOEE R AR HOM B 45 R R I G 0. PRk, XV, ALCTT
B A8 Y FEL P SE B I 2 I v Bk e

600 CHIV,AICIRZEMEBIRES S AR . V,AIC
IRIZAE600 CEE RIS A 55 71 (1 BE IR, 85 5 A T B R
RN, S ELALEE 1S IR A 350 J= ds . X2 R AV, ALC
WEERE T 2w 5 Tk, BERR G &5 EUE R G
KABIARTE, IR AL EE B YIER T BRI B
TAE600 CHF A B Z R AV, 05, 75 1R 7R T J
HH LJZ R, T I R R R R B A e SR
E T R A VRS B IR Ao AT R A 1) B R 5 5 TR T8
TE700 CHF, V,AIC 32 W B HR T A 75 A A B E:
252, T HATRIVE (I B [1&18(e)], IX A2 H#R KV A1 3%

0.0 0.2 04 06 08 1.0 1.2 14 1.6 18

x/mm

(€) 700 °C

Z/pm
-8
1.0 L 7
£
0.5 E HG
=~ 5
0.0 4
£3
(2
0.0 02 04 0.6 08 1.0 1.2 14 1.6 1.8 1
x/mm 0
(b) 300 C
Z/pm
P14
H 12
1.0
E 110
0.5 i
= ;8
0.0 ;6
4
2
00 0.2 04 0.6 08 1.0 1.2 14 1.6 1.8 0
X/mm
(d) 600 C
Z/pm
| 50
1.0 1
g H 40
05E |
= 1130
0.0 ||
i 20
10
0
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