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Abstract ; As the effect of adding CeO, on the titanium-based/Ni-based clad layer on TC4 surface has been less studied in

the past, a CeO,J (70%Ni60A +30%TC4) composite clad layer was prepared on TC4 surface by coaxial laser feed powder
cladding technique to solve the problem of low hardness and poor wear resistance of TC4 titanium alloy. The morphology and
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grain size of the clad layer were compared using optical microscopy and SEM, the phase composition of the clad layer was
analyzed by XRD and EDS. The results show that the addition of CeO, inhibits the generation of cracks in the clad layer, and
the clad layer is crack-free and has the best quality when the addition amount is 0.3%. When the addition amount is 0.3%, the
organization is the finest. The microhardness of the clad layer is significantly higher than that of the substrate with the most
significant effect, which is around 883 HV at 0.3% addition, which is about 3 times that of the substrate.
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Tab.1 Chemical composition of TC4 titanium alloy
plate (wt%)

Al \% Fe C (0] N H Ti

6.1 401 | 015 | 0016 | 015 | 005 | 0.015 | 4%

R2 BREMROUZRS (RESH, %)

Tab.2 Shemical composition of cladding powders (wt%o)

fem

ME |CrlFe| Al V|S | B|-|O|N/|H/|N|T
Ni6OA|16| 8 | - | - |40/35|07| - | - | - &/ -
TC4 | - 0.0266.28/4.22| - | - 0.0040.0670.0120.001 - it

*® 3 REENEEMHSHZTRESH, %)
Tab.3 Composition design of cladding material
of the coatings (wt%o)

GE IR EL L

0%Ce0, 100%(70%Ni60A+30%TC4)
0.1%Ce0, 99.9%(70%Ni60A+30%TC4)+0.1%Ce0,
0.3%Ce0, 99.79%(70%Ni60A +30%TC4)+0.3%Ce0,
0.5%Ce0, 99.5%%(70%Ni60A+3096TC4)+0.5%Ce0,

m, 4l >99.9%,
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Fig.1 Morphologies of cladding material powders
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Fig.2 Photograph of laser cladding machine
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Tab.4 Optimized process parameters
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Fig.3 Macroscopic photographs of the cladding layers
with different CeO, contents
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Fig.4 Surface penetration probe macro-photos
for different additions of CeO, to the clad layer

22 BERENEAK

& 5 2k TC4 Ni60A ¥ K 44 7 )2 1 XRD [
Tk, HE5AIWL,TCA By R FEH o-Ti F1 B-Ti 4
A%, NiBOA #3 oK = 2140 & JL 4R Ni F1 4 JE [l ik &9
(NisB Fll CrB) , J57 2 F i o-Ti k84 )8 71k

-121-



#INTTZ
Hot Working Technology

@TCa - e Ti (b)Ni6oA § oNi (O R AL
oBTi Aghg 1 =NiTi ¢ TiC
vir 0.5%CeO. ‘
° .2 L A?_,gf‘{.’ 3 Aig; °
1 1 1 |0.3%cCe0, ,‘w,
%) N |25 Y Y A A A
o o & |
@) * @) o
. 0.1%Ce0, I
. I e AN M A A ]
IR T oo |
1 M Tl ! VM en ]
b sk 'V‘ML.JMKM L. ‘\A UMJMMWLL \ . U. , . . )
20 40 60 80 100 20 40 60 80 100 10 20 30 40 50 60 70 80 90
20/() 20/() 201()

K5 GamARMEEE XRD i
Fig.5 XRD patterns of aloy powders and cladding layers
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Fig.6 Optical microscope photographs of middle part of the cladding layer
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Tab.5 EDS results for each phase in the coating (at%o)

M| B| C|A | S| Ti|C|F|N/|V/|Ce

69.88| 0.03| 0.01| 0.02|29.42/0.10| - |013|041| -

- |36.43] 3.32| 0.60 |39.24| 299 | 1.52 |15.80, - |0.10

11.01/14.77| 5.45| 0.80|31.01| 253 | - |33.82|0.61| -

- |45.70| 1.33| 0.50 |46.03| 1.11 | 0.55| 4.76 | - -

m o0 w| >

14.63|23.33| 2.06 | 0.65|17.11| - - |14.82/ 0.39 27.01
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Fig.7 SEM photos of the cladding layer middle part with different CeO, additions
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Fig.8 Microhardness distribution curves
of the cross-section of the coatings
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