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POGH R 360 mm/min, PEHFHE A 10 g/min, B
HFA 3 mm, ZIEEBEE 50%, 52FTHEE 0.8 mm.
Sk HIRLAE 100~200 pm Y Ti6A14V ERJE Ky R FTkL
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mmx15 mm. FEISRBE R G, R4l TieAl4V ¥y R
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Table 1 Chemical composition of Ti6Al4V and Inconel718
powder (w/%)
Powder Fe Al Cr Nb Mo V O C Si Ti Ni
Ti6Al4V  0.15 6.02 - - - 4 0.160.060.04 Bal. -
Inconel718 17.320.54 19.2 5.16 3.17 0.01 0.03 0.03 0.33 1 Bal.
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Fig.l Schematic diagram of laser additive manufacturing FGM
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Fig.2 Element content of Ti6Al4V/Inconel718 gradient coating
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Fig.3 XRD patterns of Ti6Al4V/Inconel718 gradient coating
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Fig.4 Overall macrostructure of Ti6Al4V/Inconel718 along the

gradient direction
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Fig.5 Microstructures at various locations along the composition gradient: (a) 100%Ti6Al4V, (b) 100%Ti6Al14V-10%Inconel718,
(c) 10%Inconel718-20%Inconel718, (d) 20%Inconel718-30%Inconel718, (e) 30%Inconel718-100%Inconel718, and (f) 100%Inconel718
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Fig.6 SEM images along the composition gradient: (a) 100%Ti6Al4V, (b) 100%Ti6A14V-10%Inconel718, (c¢) 10%Inconel718-
20%Inconel718, (d) 20%Inconel718-30%Inconel718, (e) 30%Inconel718, and (f) 100%Inconel718
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Ti,Ni BUkL, & 6d, 6e iz, Kl 6f 24 100%Inconel718
MRS R, g AR CEEET R B MR AE
K, TiNi T ) SRk b o Bl T B e B R gk —
SEHAIN, R4 TioNi B4 F1 TipNi BUORLE B A k7
FRUTTE, M4 &0k ) Ti-23.9Ni-17.4Fe-22.6Cr (at%)
I, 433 T A E M B M EOIRE

2 N 6f h 4 FiA[F B AH 4 3 12E4T 5 ¥k EDS K
FIEIAREE R fEFRIE N “A” AT KRB Ti. Nis Cr.
Fe MR8 Z=A K, WA A& TiNi AHLL &
TiCry+ Ti-Fe #H. fEAnic A “B” AHTKIL Ti 5 Ni
T BT 2:1, HED B AHCA TioNi AH. C a5 & 7E
WA EORLN , JTCR MR, BEAR Ti Eeib,
Ni. Cr. Fe 7 2%, 1MiX 3 Pt IF /2 Inconel 718 1]
F By, UL BHIXFIAR L LL Inconel 718 f3E44 o A1 k%

F2 [Eeof PIRICmAERITTRAM
Table 2 Elemental composition of the phases labeled
in Fig.6f (at%)

Symbol Ti Ni Cr Fe
A 25.6 24.0 22.7 17.3
B 40.6 21.8 16.2 10.1
C 8.5 47.0 20.0 15.0
D 35.0 38.8 6.7 9.6

Ay, J&T Ni-Cr-Fe B[ E A, fEbxid o “D” [1AH
ORI TE 5 Ni R0 8O0, DI e h
TiNi 1™,

K 7 4 Ti6Al4V/Inconel718 ThfEEH 5 A4 K1 i
BEARRNIE X M AT AEAE . S5 R K. 4l Ti6AI4V I
BUZ LU0 4R o 2HEY, W EBLALI A4S 4 3=,
WK 7a Fioc. ZGMA 10%H) Inconel718 B, )24 o
VR LRI, A% t&s, Wi 76 B, 16
SEM K A A 2 # ) —AH, 8 TEM Hh ik X
AT RS G A 28 T 4518 . B 7c s& 30%Inconel718
TERNYY (BF) D, Ho el DOW S NiTi
B Z AR I TN dickns B 7d SR T A B0
3% X T RTSSAERE (SAED), JF He wl LLgds b
Ti,Ni FI[001]X i 1EFf
2.3 BOHETHIRERHEERFIE

Ti6Al4V/Inconel718 #f EE iR ZMIEE an Pl 8 Fiow,
Tt 55 AR A R B AR 34Ok Se R G 0 . 7E Ti6Al4V T
b, SRR AEE, MEFIEHEZER, ¥
M A ST B Y T R A RN AR B AR S 8
WA T . JFE6 NN Inconel718 I, W] DLW %% 5]
T E R B, EA Inconel718 & EMANE] 20%
N, A& (HV) k#5A{ 8230 MPa. B

200 nm [JIUGNEEW

Bl 7 Ti6Al4V/Inconel718 L AER: M KL ST L W] 47 14
Fig.7 TEM bright field images of the Ti6Al4V/Inconel718 FGMs: (a) 100%Ti6Al14V, (b) 10%Inconel718, (c) 30%Inconel718;

(d) SAED pattern of the [001] zone from the Ti;Ni grain
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Fig.8 Hardness along the gradient direction of Ti6A14V/

Inconel718 gradient coating
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2] 100%Inconel 718 I, A AP FRAK, B TFRE. )
I 445 0 00 153 A8 AL RO 46 RS AR 5 S o0 B, A
B4 Inconel718 [¥I14 I, £ 4Rl F5 184 o 14) = 22 Ji PR A2
(1) B# Niv Cr. Fe SEIINM, o HERSE0E
Wik /b, B AHA Ti-Ni. Ti-Cr F1 Ti-Fe #7 H A AN W 38 i ;
(2) Bfi# Niv Cr. Fe SHEIIMM, o AW 4
ks (3) b5 Niv Cry Fe &t i3, B aE6/E A
FBIIG R (4) LW IR )3 45 22 F A K P 4 A
NSRBI SRR 2. 24 Inconel 718 £ Y
2 30%00, MG XRD & SEM 4r B &5 vl 41, il
Y TiCr, 1 Ti-Fe # tHAHI >, DA B 255l & 4%
A A i, TioNi AH 3222 DURORE 1) B XAEAE T B B A
B, EARRILA TiNi AHWEA>, FrRlBifE . gEdk
MY 3.4 mm Ab6ERE %2 B NE, UTELE b 4l
Inconel718, XRD &5 R KBy F1 Laves AHA %,
fifi J8£ )3 7E 3000~3500 MPa i [l W 3 5, (HAEBOGHTRR
AR, AN SR TR RS, EREE ST Ti
5 Ni. Cr Il Fe [ WA /b i —0HH, oAt 4 v
% 5500~6000 MPa.
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1) W ok 36 B M s B R B Th s T O
100%Ti6A14V #| 100%Inconel718 L) g b B AR US
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o+f—p+Ti,Ni+TiCry+Ti-Fe—f+TiNi+TiCry+Ti-Fe—y+
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2) W BT ), KUIRUZ S & RYF, BEH
Inconel718 & & AN, GOWA L 4L TiGA14V 4
/TR Y 8 A I AR Ry S B A SR O A
His 4RZEH4 0 Inconel 718 7, S84l Bl RS/
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B-Ti ULUEWIHE—FPal /N TioNi 27 P e &
J& B 58 4R Ay 4 /IR TiNG S5 b R it 41 21

3) B BEAF R A R SR P TR R R R
AR = ATE A . B Inconel718 & & BN, Wikl
JZH a AHIAFR 53 Bgd /b, p AR K Ti-NiuTi-Cr fl Ti-Fe
B ARSI, I HL A Ak DL ok 40 4k A FH 74 21 1
o, FECRERE TR Laves AH PR AR BRI 1 AH 1 2D
U5 3507 R (R B

S 30K
[1] Li J, Wang H M. Materials Science & Engineering A[J], 2013,

References

560: 193

[2] Guo Cheng(Z f%), Zhu Weidou(k 4k 2}), Jin Zhihao(4: & ).
Rare Metal Materials and Engineering(%iH 4 )& ¥ ¥l 5 T
FE)[J], 1995, 24(3): 18

[3] Li Xin(Z= {%), Liu Haichang(XIJif £), Teng Yuancheng(JiJc
&%) et al. Materials Review(#4 ¥} F#R)[J], 2012, 26(S1): 370

[4] Abioye T E, Farayibi P K, Kinnel P et al. The International
Journal of Advanced Manufacturing Technology[J], 2015, 79:
843

[5] Bobbio L D, Otis R A, Borgonia J P et al. Acta Materialia[l],
2017, 127: 133

[6] Lin X, Yue T M, Yang H O et al. Acta Materialia[J], 2006,
54(7): 1901

[7] Lin X, Yue T M, Yang H O et al. Metallurgical and Materials
Transactions A[J], 2007, 38(1): 127

[8] Lin X, Yue T M, Yang H O et al. Journal of Engineering
Materials and Technology[J], 2009, 131(4): 041 002

[9] Onuike B, Bandyopadhyay A. Additive Manufacturing|[J],
2018, 22: 844

[10] Qian Tingting, Liu Dong, Tian Xiangjun et al. Transactions
of Nonferrous Metals Society of China[l], 2014, 24(9): 2729

[11] Liang Yaojian, Tian Xiangjun, Zhu Yanyan et al. Materials
Science & Engineering A[J], 2014, 599: 242



5 8 31 AT WOLHIMHIE Ti6Al4V-Inconel 718 Ty ReBh AR 43 A8 A0 AN 45 1) 15 A8 - 2819 -

Compositional Changes and Microstructure Evolution of Ti6Al4V-Inconel718
Functionally Graded Materials by Laser Additive Manufacturing

Huang Jinxin', Sun Zhonggang', Chang Hui'”?, Chang Lili*, Xing Fei’, Zhou Lian'
(1. Nanjing Tech University, Nanjing 210009, China)
(2. Nanjing Zhongke Raycham Laser Technology Co. Ltd, Nanjing 210038, China)
(3. Shangi Institute for Advanced Materials (Nanjing) Co. Ltd, Nanjing 210038, China)

Abstract: Ti6Al4V/Inconel718 functionally graded materials were fabricated by laser additive manufacturing technology. The
composition, phase composition, microstructure and microhardness of the gradient materials were studied. The results show that a series of
phase transitions occur along the composition gradient direction: a+f—p+Ti,Ni+TiCr,+Ti-Fe—f+TiNi+TiCr,+Ti-Fe—y+Laves. The
transition layer is mainly composed of binary phases including TiNi, Ti,Ni, Ti-Cr, Ti-Fe, etc; the microstructure from the bottom to the top
of the material changes from the Widmanstitten a-laths structure to the equiaxed S structure, and then it is epitaxially grown from
equiaxed S structure into fine dendritic structure. The results of microhardness test show that the increase of hardness is mainly related to
the decrease of a phase volume fraction, the increase of § phase, Ti-Ni, Ti-Cr and Ti-Fe phase, solid solution hardening and grain
refinement. The maximum value in this study is 8230 MPa.

Key words: laser additive manufacturing; functionally graded material; Ti6Al4V/Inconel718; composition; microstructure
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