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Table 1 Chemical composition of alloy powder (/%)

Material Ti Al \Y Cr Nb Mo Ni
TC4 Balance 5.5-6.8 3.5-45 - - -
IN718 0.7-1.1 0.2-0.8 Balance 17.0-21.0 4.8-5.5 2.8-3.3 50.0-55.0

1 &JEH KRR SEM TS
Fig.1 SEM morphologies of metal powders: (a) TC4, (b) IN718, and (c) Cu
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Table 2 Process parameters for directed laser deposition of TC4/IN718 bimetal structure

Material Laser power/W Scan speed/mm min?  Powder feed rate/g min Focal diameter/mm  Layer thickness/mm
IN718 1700 420 7.5 3 0.6
TC4 1800 420 5.2 3 0.6
Cu 1200 420 7.2 3 0.6
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Fig.2 Schematic diagrams (a, ¢) and physical diagrams (b, d) of TC4/IN718 bimetal structure: (a, b) without interlayer and (c, d) with Cu interlayer
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Fig.3 XRD pattern of interlayer-free TC4/IN718 bimetal structure

near cracks
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Table 3 EDS point scanning results of the microstructure near cracks marked by 1, 2, and 3 in Fig.4 (at%o)
Microzone Ti Ni Fe Cr Al Nb \Y Possible phase
1 73.23 6.66 5.59 4.14 6.08 0.74 3.56 B-Ti
2 56.38 22.98 9.55 6.89 2.93 0.72 0.55 B-Ti+TioNi
3 50.50 24.21 5.47 8.49 7.58 1.50 2.25 TioNi
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Fig.6 XRD patterns of interface of Cu interlayer bimetallic structure
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Fig.7 Microstructure morphologies of interface of Cu interlayer bimetallic structure: (a, b) interface 1, (c, d) interface 2, (e, f) interface 3, and

(g, h) interface 4
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Table 4 EDS composition analysis of Cu interlayer bimetallic structure microzones marked by 1~10 in Fig.7 (at%o)

Microzone Ti Ni Cu Fe Cr Al Nb \Y Possible phase
1 52.51 7.19 24.17 2.58 341 5.64 0.79 3.71 Ti,Cu
2 39.8 10.92 34.24 4.75 4.21 3.99 0.23 1.86 TiCu
3 30.27 31.09 17.05 6.81 5.60 3.91 3.63 1.64 TiNi
4 10.12 32.89 30.25 12.87 7.31 2.61 2.54 1.41 y-Ni y-Cu
5 48.15 19.10 12.35 6.14 4.33 4.87 1.32 3.74 TioNi
6 29.24 12.17 36.29 5.73 7.00 4.99 1.02 3.56 TiCu
7 30.40 33.44 11.68 12.31 8.03 0.99 1.34 1.81 TiNi
8 7.79 29.27 46.57 5.18 3.25 3.05 251 2.38 y-Ni y-Cu
9 6.34 43.65 10.89 16.40 14.96 0.91 6.34 0.51 y-Ni+Laves
10 7.55 47.74 12.58 14.19 14.93 1.23 121 0.57 y-Ni
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Fig.8 EDS line scanning results of Cu interlayer bimetallic structure: (a) TC4 region/Cu transition region and (b) Cu transition

region/IN718 region
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DRI, &5 DX PR A 8 44 2 oK ok LA 40U B RO TR
)1 W 4 & M B AF I BRI E R TR bR, N B R4
JEGERFAT I RAL B BLR, 0 45 X3R4T AR HEA T
B, 18R AR SUBURIER H 1.
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1) TCiLVEZ ) TCA/INT18 W& @45 #, i T-#£ TC4
5 IN718 454 X3k A6 & R B SR E DL TipNi vE
() Ti-Ni ffiitE & Bk &9, fELEk R RN ZES
JASE i (A EE BT P2 AR R TR E TR, 38
TE 456 DX A BT O TURR T ) (R B 1 4 244

2) CuidiZ5INJG, £ TC4 5 IN718 Z Al %
FE29759 1600 pm HJ Cu ik IX, BR#I T TC4 5 IN718 (1)
HEGS,  Ti-Ni &EREDmkD, FRK T 280
A, MR A R RE™ . HEE e R IT
RIMHEY #, 7 Cu I ENE R E R T /b
= Ti-Ni (b &Y. Fiy, BT Cu s TC4 kKAERE
MM T /b Ti-Cu &g Atk &40,

3) TCA/INT18 4 Ja 4 1 (1) 4k OB 2 4y A e,
BHRT MRS & &, TdEER BT TC4 5
IN718 7o KA ES RN, HERKES MR Ti-Ni
ffa A, A gh A X 4E FCRE {8 B =8 8281 MPa. 1fij
CudEZ5I NG, BEAER T MaflHAE X /N Ti-Cu e
PEAH, 5 Cu Jdh i X ()7 A2 KIE FER/D 1 Ti-Ni Jfi 14 AH i)
T, A Cu LVEIX 14k FAl % = 1A 5801.6 MPa.
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Effect of Cu Interlayer on Microstructure and Properties of TC4/IN718 Bimetallic
Structure Fabricated by Directed Laser Deposition

Wang Chenyang®, Xing Fei', Liu Xiangyu?, Bian Hongyou®, Xu Guojian®?
(1. School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)
(2. Liaoning Additive Manufacturing Industry Technology Research Institute, Shenyang 110200, China)
(3. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Titanium alloys and nickel-based alloys have unique properties. The bimetallic structure formed by them has a broad application
prospect in the aerospace field. However, due to the large differences in physical and chemical properties between the two metals, cracking is easy
to occur at the bonding zone. Based on directed laser deposition (DLD) technology, TC4/IN718 bimetallic structures without interlayer and Cu
interlayer were fabricated. The results of test and analysis results indicate that the TC4/IN718 bimetallic structure without interlayer has cracking
due to the formation of the Ti-Ni brittle phases at the bonding zone, which leads to the increase of crack sensitivity. In the bimetallic structure with
Cu interlayer, the Cu transition zone is formed between TC4 and IN718, which inhibits the direct combination of TC4 and IN718, reduces the
crack sensitivity, and there is no metallurgical defects such as cracks. Due to metallurgical reaction and element diffusion, a small amount of Ti-Cu
and a very small amount of Ti-Ni compound phases are formed in the Cu transition zone. Due to the formation of the compound phase, the Vickers
hardness of the transition zone of TC4/IN718 bimetallic structure with Cu interlayer is about 5801.6 MPa. However, it is much lower than the
Vickers hardness of the bonding zone of TC4/IN718 bimetallic structure without Cu interlayer (about 8281 MPa at most).

Key words: directed laser deposition; bimetallic structure; titanium alloys; nickel-based superalloys; microstructure
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