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Effects of DLC and TiN Coatings on Sand Erosion Resistance of TC4 Titanium Alloy
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Abstract: DLC and TiN coating were prepared on the substrate of TC4 titanium alloy respectively by combining metal vapor
vacuum arc (MEVVA) technology and filtered cathodic vacuum arc (FCVA) deposition method and megnetron sputtering
method to improve the erosion resistance of TC4 titanium alloy. SEM, Raman, XRD, nano indentation and scratch tester were
used to analyze the phase structure, hardness, elastic modulus and bonding strength of DLC and TiN coating. The performance
of erosion resistance of different samples were evaluated on the erosion test platform under different erosion degrees. The
results show that the DLC coating has compact surface structure with plenty of sp® bond. The hardness, elastic modulus and
adhesion force of DLC coating are 62.1 GPa, 391.64 GPa and 80.4 N, respectively. The TiN coating, however, has large
number of has droplet particles and holes on its surface. The hardness, elastic modulus and adhesion force of TiN coating are
22.72 GPa, 383.18 GPa and 34.7 N, respectively. At the erosion angle of 30°, coating mainly depends on improving the
surface hardness to resist the micro-cutting action of particles, which thereby can improve the TC4 titanium alloy’s
performance of sand erosion resistance. At the erosion angle of 90°, the delay of the substrate’s plastic deformation lead to the
improvement sand erosion resistance of TC4 titanium alloy.
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Table 1 Chemical composition of TC4 titanium alloy!'” W/%)

Element Al \% Fe C
Content 6.06 3.92 0.3 0.013
Element N H (6] Ti
Content 0.014 0.001 4 0.15 Bal.

DLC#R JZ 11l £ 75 b 5 K 2% | E W
MEVVAFEANSFCVAUTIE AL 58, ST
Tid FHEANSTULEZ WU, R N
99.999% =4l Ti; AT DLCIRZDIAA, A
BUA N T 4l A 58(99.99%), B kK& BB S T
2ZHNFR2., K, HAEESEN4x107° Pa,
DLCIRJZ TR, RE I I8 25 % /71 FE 9 180°, UL
130 min, JEEZ1°5300 nm.

KHIGP450 R i ey F 7% 4% W 5 3 /1) 4%
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Table 2 Deposition process and parameters of the DLC coating
Implantation voltage / Implantation dose / Arc current/  Negative bias / Time /
Process KV (10% cm) A v Duty cycle min
Implantation (Ti") 8 3
Deposition (Ti layer) 100 —200 90% 0.1
Implantation (Ti") 12 3
Deposition (Ti layer) 100 —200 90% 7
Deposition (DLC layer) 100 -300 20% 30

$1 2561 (Roman) 2 i € DLCIR J 45 F4 S 5 (1)
Em SR T AU, SRAWITecA 7 4 7= [ Alpha
3008 $7 2 A DLCIR Z BT 40T, BRI K
514nm, JEFEE1000~2 000 cm™. F|FSHIMADZU
XRD-7000 8 X 5 Ze A7 55 43 BT AL BT TINGR J2 [ 4
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B, HJEL ABerkovich® &N k. M3t
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Fig. 1 Schematic diagram of the erosion device

I SFA R FAET10.2 MPa,  BbAS K (X
HE R T, EEB D NS0, KiitHN
100~250 pm FHL T8 1T 8 5% )48 4 T B I3 T v
(Particle image velocimetry, PIV)ill 57143 & -y
80 m/sv LA N10 g/min, WIHEN 128 mm, WK
PEAKFELS mm, b2 il RE 23 750 930°A190°,
T B 18] 20 min,  BTS minfERE 1 min i ECH
Ja 15 minGERES minkHRAFECH, SR BT R
PR BE0.T mg) R B IRFEFI R LR, IR IR &
ko AR P s B 3 IE .

2 H#ERE5WIR
2.1 REMHFESHEREN
TC4%L & &R KX DLC. TiNRJZE MR H IS
WME2FT~. AT LLESR]: DLCIRJZE R &4k g
B, ANAFIE— S KR EA — W RE, X H
TREEHE, 23 T TCAREMERMARE I m,;
TiNZ [H A7 75 VF 2 i B0RL LA & 23 7. 3R ALY
FHRE £ Ra % 591 290.037. 0.015410.238 pm. X EbA]
A RS UE T 261 % FIDLCIRE, BRIk T 5
PRFRTHRRE B, 321 BT B AL TINGR = S A

K3 ADLCRE M 2, FEA T
~1563 cm™, NAXFRTENE, XZEMIDLCEE

Fif 2 iEE. B HE#EITGaussianl &, 7
1566 cm ' BT H A5 1Y) B8 I (GU),  7E1 367 cm'!
FAE— AN EIEDIE). WK : DIEMGIER
SREZ L (Ip/Ig)BN, WEFsp AR, IR
JZE A BB KUS . SCH DLCERZ 1 I/ 16 M0.16,
FRE AR SRR 20 i, R E P W sp i i
fmTsp . E4NTINGREMXRDEE, Hth E
J7 N TiNBIARAERT S5 0, 0T DUE B 7E b i 0§
(200) & T AT 5 06 Ay B b, (H 4R TINIR 2 1
BORATHIEE(IL) AT, X RPTING EEITH
AR, FLAT IR A L) TH AR AR K



a4 W, %5 DLC. TiNIREXTTCALKE SPimb L bt it it 52 63

160

Z @00)
140 | - (111)
EE (220)
L 120 | £ ’ (311)
O 5 L
= 100 - (1D = 55 30 40 50 60 70 80
g 20/ )
g 0t (200) (220)
=
3
~

20 30 40 50 60 70 80
(a) TC4 20/(°)

K4 TiNiR/ZIIXRDIE
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Table 3 Hardness and elastic modulus of TC4 titanium alloy,
DLC and TiN coating

Sample H/GPa H/GPa (H’/E?) | GPa
TC4 3.95 130.5 3.6x10°
DLC 62.1 391.64 1.56
TiN 22.72 383.18 7.99x10
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Fig. 7 Changes of the erosion rate depend on the mass of sand under different erosion angle
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