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1 TCl SEM 3a 1000
Table 1 Chemical composition of TC11 alloy (/%) 850 B
Elements Al Mo Zr Si Fe O Ti
Content 6.2 3.63 158 0.27 0.13 0.9 Balance @ *
3b~3d TC11 950
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Table 2 Processing parameters of laser solid forming
Laser Scanning Powder feed Carrier gas Constraint gas Laser beam Overlapped AZ/mm
power/W velocity/mm-s™ rate/g-min’' flow rate/L-h”’ flow rate/L-min”' diameter/mm rate/%

2100~2500 2~10 3~10 150~200 6~10 2.5 30~50 0.3~0.8
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Table 3 Heat treatment process
Process No Heat treatment process
¥ 850 ,1h,AC
2* 950 , 1h, AC a
3* 950 ,1h, AC+550 ,6h,AC
4* 950 ,2h,AC
5 970 , 1h, AC « TCl1
6" 970 ,1h, AC+550 ,6h, AC
7 970 ,1h,AC+970 ,1h,AC+550 ,6h,AC 20%~30% a B o
8" 970 ,2h, AC+550 ,6h, AC 5]
9" 1030, 0.5h, AC+950 , 1 h, AC 30~50 pm a 2.5~3.5 pm TCl1
BT-9
TCI11 950 a
40~150 pm 50 um
o 1.5~2.5 pym 7a
970 a 40~60
pm a 2 um 7b 970
2 T#
a Tc 1030 950
2 TCI11 a
Fig.2 Microstructures of LSF TC11 alloy: (a) epitaxial columnar 7d 950 970
p cellular growth and (b) mass o-Ti laths and rudimental g a

3 TCI11
Fig.3 OM images of LSF TC11 alloy under different heat treatments: (a) 17, (b) 2%, (¢) 3"
()4, (e) 5", () 6", (2) 7", (h) 8", and (i) 9"

4 TCI11
Fig.4 OM images of grain boundary change of LSF TC11 alloy under different heat treatments: (a) 3*, (b) 2*, (c) 6%, and (d) 9"



2 TC11 - 2149 -

970 o
950
[24
a
a a
a
LSF TCl11
o
[9~12]
Rayleigh
N. Stefansson!'!
Ti-6Al1-4V
5 TCI1 SEM TCI11 a
Fig.5 SEM images of LSF TCI11 alloy under different heat (141
Treatments: (a) 3%, (b) 7%, (¢) 8", and (d) 9* 4a a
2500 W
B
s 2a
6 TC11 9"
Fig.6 OM image of LSF TC11 alloy under heat treatment s
of 9": (a) 50x and (b) 100x o
3
1) TC11
p-Ti
o B
2) 850~950
o a p /
o
a 970
a a a 950
950 a
s a a
7 TCl11 a a
Fig.7 OM image of bunching-a changes of LSF TC11 alloy 3) p a

under different treat treatments: (a) 2%, (b) 6%, (¢) 7",

and (d) 9" References



- 2150 -

38

[1] Lana Lineberger. Titanium Aerospace Alloy Advanced Materials
Process[J], 1998(5): 45

[2] Harrysson O, Cormier D. Advanced Materials and Processes
[J], 2005, 163(7): 72

[3] Chen Jing( ) et al. Rare Metals Letters( )
[J], 2004, 23(4): 33

[4] Zhang Shuangyin( ) et al. Rare Metal Materials and

Engineering( )[J1, 2007, 36(7): 1263

[5] Zan Lin( ) et al. Rare Metal Materials and Engineering
( )[J1, 2007, 36(4): 612

[6] Zhou Y G. Zeng W D, Yu H Q. Materials Science and
Engineering A[J], 2005, 393: 204

[7] Lin X, Li Y M, Wang M et al. Science in China Series E[J],
2003, 46: 475

). Processing of Titanium Alloy Semi-Finished Parts(
)[M]. Xi’an: Rare Metal Materials and
Engineering, 1996: 34
[9] Wu X, Sharman R, Mei J et al. Materials and Design[J], 2004,
25:103
[10] Malzahn Kampe J C, Courtney T H, Leng Y. Acta Metall[J],
1989, 37: 1735
[11] McLean M. Met Sci[J], 1978, 12: 113
[12] Sharma G, Ramanujan R V, Tiwari G P. Acta Mater[J], 2000,
48: 875
[13] Stefansson N, Semiatin S L, Eylon D. Metall Mater Trans
A[J], 2003, 34A: 691
[14] Yang Yi( ) et al. Acta Metallurgica Sinica( )J1,
2005, 41(7): 713

[8] B. K. et al. Translated by Ning Xinglong(

Influence of Heat Treatment on Microstructure of Laser Solid Forming
Ti-6.5Al1-3.5Mo0-1.5Zr-0.25Si Alloys

Huang Yu'?, Chen Jing', Zhang Fengying', Lin Xin', Huang Weidong'
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The as-deposited microstructure and heat-treated microstructure of Ti-6.5A1-3.5Mo-1.5Zr-0.25Si alloys (TC11) by Laser Solid
Forming (LSF) were compared, and approaches to improve LSF microstructure and high-temperature combination properties of TC11
alloys were researched. Results show the as-deposited microstructure of TC11 alloy consists of coarse columnar grains and equiaxed
grains throughout cladding layers, and the prior columnar f-Ti grains are composed of lathlike a and residual . The microstructure of
as-deposited samples after 950 heat treatment is a similar triplex mixture of equiaxed a, basketweave a lath and transformed f. The
majority of continuous prior a boundary is broken, and become spheroidized and illegible; o laths grow up to bunch on some unbroken
boundary; the equiaxed a in coarse f grains is related with subgrains. The microstructure after heat treated at 970 is a certain
basketweave structure consisting of a few equiaxed-a and o laths which have coarsening tendency; the microstructure after
recrystallization at 1030 followed by 950 heat treatment is typical Widmanstétten structure consisting of coarse a laths, and lots of
p-Ti is found to separate out inside a and on a boundaries without breaking basically.
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