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Research Progress on Laser Direct
Deposition of Gradient Composites

ZHANG Yongzhong, SHI Likai

( Center for Composites, General Research Institute for Non — Ferrous Metals, Beijing 100088, China)

Abstract: Advanced high performance gradient composites are one kind of new composites, which are developed to over-
come the property limitation of homogeneous structure or expound the property potential of different materials. Their promi-
nent characteristics represent as composition, microstructure and physical properties changing continuously or gradually as
required. Laser melting deposition is a new additive manufacturing process. It provides great flexibility in control of materi-
als composition, solidified microstructure, shape and dimensions and becomes an important development trend in integra-
tion and intelligent control which combines materials design, fabrication, forming, as well as microstructure and properties
tailoring. In this paper, recent advances on gradient composites from Ni and Ti alloys prepared by laser direct deposition
are introduced. Finally, some considerations for future research work are pointed out based on analysis of related problems

and challenges.

Key words: gradient composites; laser melting deposition; flexible control; interface

1T W B

BhEE S AR S 2 RPRH I G A SR 45 A RS [
{37 B AN [V BE 5 B0 6 A Fh AP 2 L b A [R] A ek 2 i
1 — Ml A RL A A, FL I SRR R AR AN S5 A A
IR AL AT AN R O FIERE, A Ze A [ A4 R 2 1 iy T
P PR RE BN TR T ™ A2 B ST, TR A ) 22 T R 1R
R O B S S5 10 7 UEAT I . MBI A 5 e/ 4
Ha) B0 L P T S BRES 4G KA LR Ak, 2 R e R AN
H) 1 B (A BE LA B L B0 o AR, A 2 9T K 26
HAT EE IR RER R

WRAEA R R ZEF L BB RS R, KR T ZFh

B HF: 2010 -10 - 09
H&mB: E% 973 %17 H (2006 CB605206 )
BEMEE: ok, B, 1970 454, #R%E T, HLAESm

il S AR R OUR IR ITIE EOR, Wk R if 4
SFETEOR . BOUEE . UMV, B A RE R A
TR TRes . A, BOmEES, k%
BTmER WO E . SOVTR AR SR BETT LT
il s IREM IR Z , B & ROl AL 45 B The 2 FRTAY
BR T ] BRI ARBE R ) 4, A2 30 o il 45 SR A A bR
PRI HE EAFTERC S R o B 23 L K 45 v B 40
S S R, R R R RE BRI A e O R O] 2
TH R ER, F BT RB R 55 IR
OIS A TURUR — RSk B TH AL B 75 I b1k
FEHOR, EOREE & T P SRR i S O R Y
A, I RO AL R D ik Bk R AR B R
BUSOE , w] B CAD # R 4% 2 B A B 41400 R 4f
LRATEREMEZIEEE, TR T PR R 2 F 1F
M E L AR M R R R
TIRBA M T B RSN RSO RS L, T T %



22 Hh R R a2

$29 %

TORTERP R . BERILEY SME RS i) B AA
BORZRYE, AR A REM BT, fil & P K HH
PEBERE T — M ) R RE AL 1 % 5 ROE B9 H 20T 5
[0 AR SR T A 2 AT SR A SR S R
AR B & SR AR MR AR LUK
BEIE & B UR)Z D7 T BUS A SR it e 45 28, il i 2 B A
AR TRDEUA R E 8 T Rk TAR I 251

2 WMRIARK

2.1 HEEGEREMNEAMPNGE

FIFH SO R b o8 1 S B 4 Al B S Ll B, AT
PAJT M A TR 5 4 . B 4 R AL b Rk 1
7o Fraser HFZ554F LENS R4 T RIR AR T
WL A Ti - 10% Nb'™ | Ni - 25% Mo™ ( JEF 43 %)
K Ti—Nb—Zr—Ta" | Ti-V fl Ti - Mo ZHfiF & 4
MIRESE, BEFERM, HT Ni 5 Mo Z 6 B A48 Rt
TR e A [ 2, Al {2 Ni Y5 Mo 25718 & Flsd iy
FEEARBIE R, T Ti - Nb RE 4 HA EMIRARE,
SR AETE RGBS Nb OB S s A5, 8
1 JEEE Ti — Nb — Zr — Ta () 545 S Ak B8 2 0] LA B
= Ti AR o = Ti ARBU S EOR 20 A1, 38 ok BOBIE A TT
T 2R A 0 ) 7 2 Dl i &5 48 T 2] Ti - 25V & Ti -
25Mo #AAL, R H G A AOREIA RIS B2 AL T R R 1 (5 R
SRR SR — A PERR R A i R R LS AU 4 5 R, Ohio
State University FAF5E A 52 R FHJC 2 IR & MoK i#£47T Nb -
Si (bW G A RH OGS AL UG, A E T 06 B 85
WA HERALHBEEgNL, Y548 S TR
R RL 2 5 T4 Vilar ARSI T Fe - Cr-C R A
&, B THRNAE IR OIS, RIS
AT 7B A" . 2T 7 Laves A TiCr, #1
LT BT R e R 2 A AR T TR v, e O BT
FRJT k48 R Ti 21 Ti - 60Cr 1) 4 224656 B R (SLTTAR
130 J22), B 145 T priil s # B R 40 8L, T LLE
TR B — ik, ANFEAEZ A, s Cr %
TR, A4 o - Ti [/ B - Ti #745 | TiCr,
SR MR G RE R SRR SR T T,
Al DLE A AR A A R RO AL TR EA R EIPER Ti
-25Cr( AR B — Ti 2 ) ML, SR G DR E A &
JE e IR AN B RE Y Ti - 60Cr A4} (1 Laves AH
TiCr, Z41A%) , AT S 35 2 Bk 7 4 11 g YA Pk i

Stk — A R AR S A AR, AR &
Jr AR SRR S AR, SR OGS A DT AR
AR SRR S BB, TR CRIE Y s A BURL 5 S
B 4 v o R LT 45 A B TRI A, SR S X I TR R i
AR . Banerjee R 2522V F HIMOGK e B 45 Ti
W SR R L, ak O% 4 Ak TR T2 ) & TiB/
TiOAI4V 5 H0EL, FHEE FAEG S T2, TiB #rih

AAAS B 2 AR AL s @O L DI TALS 5 B,C (IR
Ak, I HORTE TIiB + TiC &R0 A E SR, 4
R, B AR TR B 9% W2 4 b RE R B A
ML T2 PERE ™, Y SRAR S R B R InE, AR
SEPERER M AR 25 . Lin 4538 238 TC4 JLR T4 2 500°C ,
W T OGSE BB Ti48A1-2Cr-2Nb + TiC & 4 1 kit
TFRLE K FRAT R A O K AL T BUR] A i % Y
Ti60 454 ¥y 1 TiC Ay, il 45 th B BUR L 8V R AP R Re
i) 5% TiC,/Ti60 £k H &2 & A, L ROW 4 8L &1 2 Jir
IR, TEBOGIEACDURIR, FF AR B TiC ks & A T 1%
fife, JFEBHT S IR BT SRR 1) TiC A, TiC A
Ysp o TR, B S ERE SRR R 2E A R AT,
JIT il 5 A4 R FE 600°C T A9 A% B B7 {1 588 i 3K 775 MPa, %5
Ti60 &5 4425 1 60 MPa, FEfI5 N 4.3% , WoR il RA4F
K R

1 BOBRITAR Ti 2] Ti - 60Cr BB A 4 0 W H 2
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Fig. 2 SEM micrograph of laser melting deposited 5% TiCP/Ti60

composite
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Fig. 4 Laser melting deposited multi-materials composite sample

Gradient disk prepared by laser melting deposition (a) and its microstructure along the radial direction (b)
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Fig. 5 Micrographs of laser melting deposited multi-materials composite sample, a, b, ¢ corresponding to position A, B, C in Figure 4
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