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ABSTRACT: The work aims to study the effects of chromium (Cr) element content on the microstructures and properties of
laser cladding Ni-Al coating on TC21 titanium alloy to improve the surface properties. The Ni-Al coatings with different Cr
contents were prepared on the surface of TC21 by laser cladding. The microstructures and phases of cladding layer were
analyzed with scanning electron microscopy (SEM), energy dispersive spectrometry (EDS) and X-ray diffractometry (XRD).
The microhardness distribution and wear resistance were tested with microhardness tester and multifunctional material surface

performance tester, respectively. The results showed that the surface quality of cladding layer was good. The main phases of the
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cladding layer were Ni(Al,Ti), Ni,AlTi and TiNi when there was no Cr element. However, a-Cr precipitation phase appeared

after the Cr element was added into the cladding layer, and the relative content of TiNi, Ni,AlTi, a-Cr increased gradually with

the increase of Cr content. The microstructure of cladding layer was mainly composed of Ni(ALTi) dendritic structure and its

surrounding reticular intergranular structure of TiNi, Ni,AlITi and a-Cr. The microhardness of the cladding layers increased to

about 2 times of the substrate. Although the Cr content had little effect on improving the microhardness of the Ni-Al coating, it

was able to reduce the microhardness fluctuation of the cladding layer to stable. The toughness of the cladding layer was

improved with the increase of Cr content. When 20% atomic percentage of Cr was added into the cladding layer, the wear

resistance was the best, about 2.948 times than that of the substrate. It reveals that Cr element contributes to the precipitation of

a-Cr phase and the generation of TiNi/Ni,AlTi eutectic structure. It effectively reduces the room temperature brittleness, and

improves the toughness and wear resistance of the cladding layer.

KEY WORDS: laser cladding; titanium alloy; Ni-Al Coating; Cr element; cladding layer; microstructure; microhardness; wear

resistance
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Tab.1 Chemical composition of cladding powders

at.%

Sample Ni Al Cr

S1 75 25 0

S2 72 24 4

S3 69 23 8

S4 66 22 12

S5 63 21 16

S6 60 20 20
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Fig.1 Cross-sectional morphologies of cladding layers
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Fig.3 Microstructure morphology of cladding layers
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Tab.2 EDS analysis results in different regions of the
cladding layers

at.%
Sample  Position Ni Ti Al Cr

S1 A 49.36 36.31 14.33 0

B 40.52 54.92 4.56 0
2 A 53.45 31.15 15.39 0

B 41.95 51.68 6.37 0

A 50.20 34.82 14.98 0
S3 B 47.01 42.09 4.77 6.13

C 16.38 23.31 1.55 58.75
4 A 50.86 34.74 14.35 0

B 45.20 49.21 5.60 0

A 53.77 29.04 17.19 0
S5 B 10.83 38.07 3.34 47.76

C 2.77 16.95 1.62 78.67

A 50.12 34.44 15.44 0
S6 B 2.52 14.80 1.58 81.10

C 35.73 60.03 4.23 0

Al R d A 4 o Y bR R B 0% s 2 A
filit, HCJR BRAOAE L Ni R AL A ARG, Ti
SRR, BE T TING MBI | 454
ek RS, FRIEBIFERALK R, HE
SEAUER . AR 3¢ o C IR AT, LT
W PR AV FRAR Y o-Cr UKL, LAAT AR 08 X
FEMARZHZY TiNi -, X2 T Cr £E Ni(ALTi)AHF Y
BAEAABR, CrotEREgE L, el o-Cr Ui
FEAHRTE AT Y, N P RER 1, o-Cr FE R
TEFH AL Wr e 434, 76 Ni(ALT)A EILF-3E , 216
FEARIAE], AMUEA RPN TIERILER, Kili&i
W2 2 PERE, Xt R R S3 M )E B B

BRI K 3d Hr, IR SR FE AR BT8R T R AR
o R A B AR Sy AR ) 43 A B A0/ 2 ROR S5 A 1)
M4, 454 XRD EEATHL, NiAITi AH 09 AH X 47
SPT AR B AT R A R v, U B AR X B i A T
fne NiAITi # HARKH T /B A TiNi, I 5288
HEATIEAZ A KGR, e 278 b (B TR 8 DA 40 25 IR B
PRI TINU/NLAIT JEFhH4, BEE Cr mR & &
QAL N, BriAH o-Cr SR EWN L, B
L35, OB S i BRI RN B AR i A8 SRy R BR )
Hok Bk, wilEl 3e th € S 35 B SR, 4
Cr JCE I N 20%0F, TiNi/NiL,AITi 254 H 405 1
g, JRRREGME AL, SRR o-Cr HT
AHFNZ R TINUNLAIT el U AR , 45505040

23 EBUMBEESH

Fos 7L )22 3 T B A 0 ket 3 At 2 Al 4 BT
Ao MUAE Y, WEARIRGERIX, HEREZE, 2
TR B2 S BB B PR S Ik 3. ST, S2 S3 ilkEM

1100

Substrate
1000

900 |-
800 -
700 |-

600 -

Microhardness/(HV,.)

S00F —=-8] —4-83 S5

400 ——S2 —~v-S4 —<-S6
1

1 1 1 1 1
-1.0 0.5 0 05 10 15 20 25
Distance from the interface/mm

K4 Je )z AU o A
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Fig.5 Morphologies of indentation of cladding layers
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Tab.3 Wear data of TC21 substrate and cladding layers

Wear scar Wear Wear rate/ Wear resistance/

Sample width/um loss/mm® (mm*-h™") (h'mm™)

TC21 1676.7 1.458 2.916 0.343
S1 1245.1 0.567 1.134 0.882
S2 1225.6 0.540 1.079 0.927
S3 1253.5 0.575 1.151 0.869
S4 1158.8 0.453 0.907 1.103
S5 1212.0 0.521 1.042 0.960
S6 1191.8 0.495 0.989 1.011
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