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Abstract: With the rapid development of aircraft, titanium alloys have been widely adopted as promising lightweight materials to
resist harsh marine conditions, in particular for compressor engine blades. However, due to their poor mechanical properties, titanium
alloys are vulnerable to erosion damage when operating in a solid-particle sandy environment. CrN coatings are considered the most
promising candidate to suppress erosion damage due to their combined mechanical properties and easily controlled structures during
deposition. However, CrN coatings with a traditional columnar structure suffer from serious erosion damage under the harsh impact of
solid particles. The issue of how to design and fabricate CrN coatings with the necessary comprehensive mechanical performance is of
significant importance for the development of aircraft high-technology. In this study, CrN-zigzag coatings were fabricated by tilting
magnetron sputtering technique, and, importantly, the middle layer exhibited a designed zigzag structure that could dissipate crack
energy and deflect cracks induced by erosion. The morphology and crystallographic structure of the coatings was characterized by
field emission scanning electron microscopy and grazing incidence X-ray diffraction. The nano-indentation was employed to measure
the mechanical properties of coatings, including hardness (H), elastic modulus (E), H/ E, and H*/ E*. The adhesion strength of the
coatings to the substrates was determined by scratch tests. The erosion tests were performed at room temperature by a homemade test
rig according to the ASTM G76-13 standard. The thickness of the CrN-zigzag coatings was 3.7 um. The hardness of the normal CrN
coatings was 22.4+ 3 GPa, while it decreased to 19.2+2 GPa for the CrN-zigzag coatings. Compared with the normal CrN coatings,
the H/ E ratio of CrN-zigzag coatings has increased by ~12.16%. However, the H*/ E* ratio increases from 0.125 GPa up to 0.133
GPa, indicating that the resistance to plastic deformation of the CrN coatings could be significantly improved by introducing the tilted
columnar microstructure within the coating. Scratch tests indicated that similar Lc3 values of 48 N were found for both coatings,

whereas the quantities and widths of ring cracks of the CrN-zigzag coatings were smaller than the normal CrN coatings. Both the
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coatings exhibited a cubic CrN phase (PDF#65-2889) and a hexagonal Cr,N phase (PDF#35-0803). The X-ray diffractogram of the
CrN-zigzag coatings contained five peaks, corresponding to the (111), (200), (220), (311), and (222) planes of cubic CrN, whereas the
CrN coatings exhibited the cubic CrN phase with (200) orientation due to its lowest surface energy. The erosion rate of the
CrN-zigzag coatings, benefiting from their superior mechanical properties, was lower than that of the CrN coatings under the same
erosion conditions. In contrast to the normal CrN coating, the erosion resistance of CrN-zigzag coatings was enhanced by 57.67% at a
90° erosion angle. The results showed that the normal CrN coatings exhibited the predominant brittle failure characteristics. However,
the failure of CrN-zigzag coatings is dominated by the brittle and ductile failure characteristics, which conform to deformation wear
theory and secondary erosion theory. This could be attributed to the easy way to dissipate crack energy and deflect cracks on the tilted
interface within the zigzag layer, resulting in absorbing and balancing the external impact stress from erosion. The results provide new

insights into the relationship between the zigzag structure and the properties, as well as brings forward a strategy to fabricate the

desired CrN-based coatings for erosion protection.
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Fig. 1 Schematic diagram of the experiment arrangement and coating structure
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Fig. 3 Surface and cross-sectional morphologies of the coatings

EDS 75 ) CrN ¥& -2 1 CrN-zigzag 4% 2 (AL 27
A 4b s, CrN 2Rl CrN-zigzag 132+
Cr 5 N Mg r 1 4r t 370k 30.62 1 69.38.30.09 :
6891, WMt ZEAK. F 4a Jy CN BRE K
CrN-zigzag ¥R )2 IO &5 F XRD K. Wil 4a s,

PR A S B 75 CrN Al (PDF#65-2889) Al
7N/ CroN (PDF#35-0803) #H. M XRD [ i) &
WL CrN-zigzag ¥RJZ 77 CN EEH 4 (111),
(200). (220). (311) £ (222) U, =% gk,
M CIN RZEH N (200) W, EERALERZEAKK



%3 W +

W, %: &4 zigzag 454 CIN ¥R JZ 1B 48 S b/t bk g

69

&k

WIERT BOMIBE K JE I b R B AN[R] o zigzag 45
He) CrN R 2= B TURR S 1) i B AR e A A AR B 1 32
g, (AT R AR A, T SR
o PIRRZSLTT CoN e 220 (2000, T

(200) FAAAVIIAE CrN A T HAR R 1) AT SIS

2) (?OO) (ll?) (?02)(201)

N M9@@aty

4200) (220)
e

CIN Q'

\
|
|
|
|
I
-
|
|
|
|

Intensity / a.u.
Z < 2
O

|
|
|

|
|
|
|
|
|
|
|
"
|
|
|
T
|
|

CrN(#65-2889) \

1 1 1 1 1 1 1 1 1 1

1 1 1
20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

(PRI RE, UL R KT HUE S A BRI
e PRI DURR L FEE A R AT B (R 9w fie G i, AT T
BsE (2000 HUn) o ¥RJEAE 42° ~45° Ah R wilE,
X TRV CN (002). CrN (200) ~F kAT
S Y

e CIN
CrN-zigzag

Intensity / a.u.
z

—==r

0 1 2 3 4 5 6 7 8 9 10

20/(°) Energy / keV
(a) (b)
Kl 4 2 GIXRD FIpisy Bk

Fig. 4 GIXRD patterns and chemical composition of the coatings
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