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Development of anti-erosion material using Cr/CrN multilayer coatings
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This study aimed to improve the erosion properties of titanium aIIo%s using
Cr/CrN multi-layers. In this study, we investigated the effects of the thickness ratio on the
erosion properties and the effect of the amount of droplets on the residual stress generated in the
thin film. As a result, the erosion resistance was improved when the ratio of the Cr layer, which is
a ductile layer, was high. In addition, the residual stress in the film decreased as the amount of
droplets generated during deposition increases. These results indicate that the thickness ratio or
thickness of the ductile layer is important in the design of anti-erosion multi-layer films, as well
as the control of residual stress by deposition conditions.
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Fig.1 Schematic diagram of specimen arrangement.
(1) A5052
A5052 Cr CrN
47 1.1 74 0.4MPa
30°
1
11 4:7 0.59
1g Cr 74
1g 49
0.5g 19
Fig.2 0.59 11 47
1g
Cr:CrN=4.7
Cr 74 - 5
059 23
o EZ
1g < &
CrN Cr P
B
8
% =1t} i il
g S x 37 30pm e Oum | o 30pm
0.59 Fig.2 SEM images of eroded areas; A5052 substrate,
1g 0.4MPa; 6=30°.
Fig.3 Cr:CiN=4:7 1:1 74
0.59 11 4:7 e , N
74 EEE[ N 5 ‘ I
£3F of B L
< 8—4 ! Pusiliné, m " Poailiui, mim : ! I’osiLioi mm 1t
.y 1 10y 10
19 3 L s ’
—E T%;U ) 7 r | =; " ‘J.#‘j#'l"“‘i’“ bt l?. “ "
. . % Cﬁ? é\ ib
11 47 74 6 E 2 Pusimi.mm e Pnsilm: mm : ? l‘usm’u:,mm i
' Fig.3 Surface profiles of eroded parts; A5052
substrate, 0.4MPa; 6=30°.
Cr 74 1.1
4:7 Cr

(2) Ti6AIAV

74



AS5052

Cr
0.4MPa
30°
Fig.4 5009
7:4 SEM
74
0.4 MPa £ 100um _
Fig.4 SEM images of eroded surfaces after 500g glass
N beads projection, 0.4AMPa; 6=30°, (a)bare Ti6Al4V
30 alloy, (b) TiBAI4V alloy with 7:4 multi layers.
0.8MPa
Fig.5 0.8MPa
Cr
7.4 300g
Cr 11
200g
47 100g
Cr:CrN=4:7(100g) 1:1(200g) 7:4(300g)
SEM Fig.5 Surface images after glass beads projection, 0.8MPg;
6=30°.
Cr 47 100g
Spm 11 74 100g
30° Cr
0.4MPa 30°
1 29
90° 0.8MPa 1g
Cr 31 91
Fig.6
Bare(lg) 3:1(4g) 9:1(5g)

~ Macro

SEM

CrrN=4:7 lg

8 100um  |§

1:1(1g) 7:4(1g)

. 100um

100pm

Fig.6 Surface

images after glass beads projection, 0.8MPa; 6=90°.



Cr

Cr Cr:CrN=3:1
31 49 91 59
Cr
©)
Fig.1(a)
{111}
Fig.7(a)
Fig.1(b) Fig.7(b)
{110}
CrN
o] 0 i n < 0 S ————
A |(a) m {111} orientation & [(b), B
C’h 2 Crack @ {110} orientation @f 20 4 /)
Z /,/" #. A Random orientation| % 4 Thin-%-—-"~ @ {110} orientation
z -4p " E
= = -6
3 z ‘_:!;1.:—.'——’.1"
& g moggl__o e @ -2
o 1 2 3 4 5 6 7 1.5 1.8 21 24 27 3.0 33
Area ratio of droplets, % Area ratio of droplets, %

Fig.7 Relationship between arearatio of droplets and residual stress.
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