BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

W47 % %8
2018 4 8 H

TC4/ZrO, E ST RLH TS M B R 574

wote, B, B W, 5 F, RAT

CRIEB TR REE SR AN TEEMELALRE, LT KiE 116024)

B OE RO RIE RERIE T AR Zr02 BN & (1 TCA/ZrO, MR, BT 5Y T F130 T8 2507 42 J 3 Jg 2 A R e 70 34 7
Jrtggm, R X SHEEATHHMUC(XRD) HH B (SEM) X 42k B it O A (ED St i BE FEAFEAT AR LS A 0T oW
MM LL I TC R A AR o A TCE B, AR X 65 A1 1 1 4 3 52 T A g/ s B 1) ke Ak 2y, IR 2 1) 2 M 40 XRD
iR BIRY Zr0, FRIEH 30%LL LI, KT Ti0.325 [ Ti AL R TC4 AR AN LBEE Z2r0, 5
AN 2 SRR T B E BIR AR Uk EDS 45 EOR Y Ti BRLAMAOIR, @A ME Zro, B4 BEE Zro,
e, TiFERAEP BN Ze 82 o RPN B RIE TCA/Zr0y B BEATRHR AL 7w SR AR S HF .

Vol.47, No.8
August 2018

KB WO TCHZO, EEMEL BRG], WORAL, JuxM

FEESES: TB333 XEAFRIRAG: A

XEHS: 1002-185X(2018)08-2465-07

Rt AL RIS RE, BAT SR
585 LU Ry T Rl e AR SR R R, I B TS A
Rov WEPEL AL BT SRS SR . AR,
BRA G A7 (AT T I ARG L i P P 22 R B4R
PP e 22 S8 i B, R R LU Y. H 2 5 2% A 1%
FAre h THIRUIXAS R, [ N AMR 2 B R T A
TC4 RIMMHEAPHEIRIZ . AR, EARMREURZ 1 i
PR« LS PR T v i A B S B 5 DAL e A, (H el T
TC4 LB BRI NE S B A, AL TR 5 RN 3
JyuITA . e/ R T RERR FE A RPN % T g B v
R PRE < R S TR ot S5 D0 i, LB T e R bR v
PIVEAERAE, DRI aT DUAE DR 4RO 1) 2 oo R B rh 73
BN HL, FEARAENTASWUR A% BE LA IR By 40 55
RG22 LA B i B A -1 23 EEE K N A

DR B 6 <0 /B R AR BER R R 2 1 2 BT I
WG AR A SRS R A AR TR
WL BRI TR, ORI H OB % . AR
SARBER TR, S TR, EESOEAELURIE R 2% 1
St REAE,  HLBCE BEE DL B RAE . RTRE T Z
R, AL T 2R A B B L VR 2, ek Sl
SORE R FER R4 . M EE T BL Rl ik, ot
ATV ST 4 e P R Dy RE AR LA L AT SR R IR S TR
P # FLROR I BERT RO, BB 45 K B S04
BhBE 3oy 28 S Pl o DAL, M BOGIE # BB 5 i< 1l

Fs HEA: 2017-08-20

7 4z JB Wi B D) re ik FE A BT A MR I L. H AT,
KT WO 1 1T 45 & B 88 D) Be B 152 44 R I Bt 5 4R
/b, Lehigh K% Liu £ DuPont™ % F 0% 3T 1 1% %
(LENS™) R AR %I T TiC/Ti B6 BERRE, BF58 T 4 RHH
GLah M« Bl E Ay AT DL R RS T s L. ok
Birmingham K %% [ Wul>® %5 3% H] Direct laser
fabrication # R #1457 TC4/TiC. TC4/TiB B FE# kL,
WS T MR 3OW 2 2R R B5 1%« Johannesburg K 2%
f) Mahamood''4% 5% 1] Laser metal deposition 43 A ] %
T TCA/TIC BREEM KL, - T AR T ESHM ik ow
FEfE o B Py A st R K 2 (2R P S BT 9T T fF TC4
A KTE ZrO, ¥k J7= 1 FE 1 5 DX (R TOWE 20 23 5 AH 41
WAS TARGF B HERE , O DI RE A FEE A A o i S 40t I 2 ik
fiho WX LRSI R A R, R T < e B T g
B BB BHEOGIT 3 OB B FE, 4 @R 20 4 8K
N A 4, B BERA R R 43 46 Th A TiC. TiB S8 k164
WA B B R, 1T ZeO, B BEAE Sy —F i FH IR 4
i i Ak, 25 TC4 20 1 Dy rebh BE M RHE B IR R
NI E - % P9 2 HEAT IO OB I IE9T 2 46 h AR TR =
Sk, Thekh A BIE AR D o T OB B &K T fig
T BE 42 B B B AR, BIESUAS [F] LR SO OB FEE L
S B BRI 0 F A3 AT 43 0

A TLAE FEER R WO B E R R IEANE] ZrO,
BNE T TC4/ZrO, WRERE A 10 BT &, 43 B AN [ ji 73

HEEWE: EEARBEELES (51402037); HKE ALK R (Y9737 141D (2015CB057305)
TEEEN: b Mo B, 1991 4EAE, Wik, DML SRR LR HEME AR S, LT KIE 116024, E-mail: shenc1991@

foxmail.com



* 2466

G E AR R

847 %

NHEIEAEEIOR AL TCE S S AHA L, RGN
SEASTA HL 5] TCA/ZrO, B0 BTV 524 MR ) AT «
1 %X I

SO R A W 1, SR SR A JK1002 B
Nd:YAG #S:064%, L% DPSF-D3 B = A5 H} 28 .
By A I (Rl M Rk, T AR S B AR AR YA AR A
THEM b W R VAR S AEFE WIS 9 mm AL, IEALEOY
JEHEE AR 2 mm. BB R, A8 AR R AR
RTINS

S KM TC4 JE, 524 100 mmx100 mmx9
mm. i HFTH SiC AP ACHEAT RS, 19 n 2 RO 1)
W, AR A T T L K LB Ve R TR 28 Tt SR
BRIEI TC4 5 ZeO, ¥y oK, B K EAREIh 40~90 pm. 2
TS R AL 2% 123 A 3R 1 BT o S5 T FHBE 46 78 120
C ¥ ARBT 4 h LLFE bk MR K<, Bk
B RN KBS, 1 R TE AL AN &) e b JE 1%
Fymes . I AAEEK T 25 mm, OB MUIRIZESCR 30
JZ o I T2 OB FEAE R LA 2 0, R A
% 2 Jin LESHOEAT A Zr0, 5 NS I OB L5,
FIENK Ay NI ML 2 T o 5 A 1 R B A

Powder feeder Argon
AN A

Fiber

Laser device

Industrial

computer
nozzle

Coupled

Ceramic

Substrate % ; part

1 WOGIE i BB TAE JR B
Fig.l Principle of operation of LENS™

x1 MERBUERS
Table 1 Chemical composition of powders (w/%)
YSZ TC4
710, Y,0; AlLO;  Na,O Ti Al V C
>90.3 7.8~8.0 1.8~2.0 <0.01 Bal. 64 3.9 0.02

K2 TRMSHEHHRTESE

Table 2 Forming parameters of samples of different

composition
ZrO, content, w/% pIW v/mm-min”'

0 435 300
10 435 300
20 435 300
30 272 150
40 272 150
50 272 150

EH R g A 1.5 g/min. N T RE 45 R R 3% 2
W2 R Z AR AR, R OB s T8 0.2
mme. Z Ji, X BOBAE SR RS ARBEAT W L 0,
JEHH Kroll J& s 4T s, FIH Olympus Y%
PAEE LA K FEL (Q45)47 4 HL 1~ 2 B2 (SEM) ML G4 1
MM AZ, FH EDS #4770 R - mk i, HH
Empyrean X 5 A7 5 A (XRD)X FEAF REAT P AH A I

2 HREDWH
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Fig.2 Morphologies of forming samples with 30% ZrO, under
different scanning velocity: (a) 200 mm/min and (b) 150

mm/min
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Fig.3 XRD patterns of samples with different proportion of
Zr0O3: (a) 0%, 10%, 20% and (b) 30%, 40%, 50%
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Fig.4 Microstructures of samples with different proportion of ZrO,: (a) 0%, (b) 10%, (c) 20%, (d) 30%, (e) 40%, and (f) 50%
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Fig.5 SEM images of samples with different proportion of ZrO,: (a) 10%, (b) 30%, and (c) 50%
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Fig.6 SEM backscatter electron images of samples with different proportion of ZrO,: (a) 10%, (b) 30%, and (c) 50%

Scanning line
TiKa

Zr-La

Y-La

B 7 ZrO, B2 el 30%I i RE 2SO IR

Fig.7 Micrographs of samples with 30% ZrO,: (a) secondary electron image, (b) backscatter electron image, and (c) EDS line scanning
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Fig.8 Element plane scanning of sample with 50% ZrO-: (a) backscatter electron image, (b) Ti, (¢) Zr, and (d) Y
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Fig.9 Chemical elements’ detection positions of Ti solid solution with different proportion of ZrO:

(a) 20%, (b) 30%, (c) 40%, and (d) 50%

F*3 BE9IHARE ZrO, thBIT Ti ER AT TR R
Table 3 Element content of Ti solid solution with
different proportion of ZrO, in Fig.9

Area ZrO; content/% Zr content, w/%  Ti content, w/%

A 20 3.56 78.46
B 30 8.00 73.98
C 40 11.04 65.96
D 50 11.07 69.40
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Microstructure Analysis of €4/ZrO , Composites Formed
by Laser Engineered Net Shaping

Shen Chen, Ma Guangyi, Yan Shuai, Niu Fangyong, Wu Dongjiang

(Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education,

Dalian University of Technology, Dalian 116024, China)

Abstract: TC4/ZrO, composite thin-wall samples with adding different proportion of ZrO, were produced by laser engineered net shaping.

The influence of scanning speed on thermal stress in forming process was studied. X-ray diffractometer (XRD), scanning electron

microscopy (SEM) and energy dispersive spectroscopy (EDS) were used for the sample phase composition analyses, microstructure

observation and element distribution testing, respectively. Results indicate that lower scanning speed can reduce the residual stress of the

thin-wall samples and inhibit cracking. The result of XRD shows that when the proportion of ZrO; is higher than 30%, nonstoichiometric

compound, TiO.325, is formed; the grain morphology of TC4 matrix changes from acicular, lamellar to bulk grain with the increasing of

proportion of ZrO,. The result of EDS shows a segregation of ZrO, at lamellar Ti grain boundaries; the content of Zr in Ti solid solution

increases with the content of ZrQO; increasing. A reliable technical support is provided by this study to finally form TC4/ZrO, graded

materials.

Key words: laser engineered net shaping; TC4/ZrO, composites; adding proportion; microstructure; elements distribution
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