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KA Z AR 600 C ek &4 Tils0 BAfi
B E SRR, THikER EA N 53~105 um, FHE
T BEUF 0k RAE ABOG I A )& R A, Bk
A Ti-6246 4. Tils0 &4k K FBAS Ti-6246 A4
WEE R N3 1 R . FEBOGH A G B B T AN
T8 AM-Ti150 & & RFERTE, BRRmE 125
WK 2, BOBERHAREREAT 2R R K. B 1 s
JIR LA B E N 90 Jmm™ () AM-Ti150 & 4k
FE, HRSFA 40 mm>=<10 mm>20 mm.

KL V)BT A F 2GR =% % AM-Til150 &
SRR UIR R S 7 M B A 23R, Tils0 &4
L Ti-6246 &4 &5 —F, ¥IXFEHUNE IS H
Kroll i&7 (85 mL H,O, 5 mL HF, 10 mL HNO3)
AT IR M, SRA Zeiss Ju BB (OM) 5 A fe

%1 Tils0 EE&M KRG Ti-6246 SEHKEM S
Table 1 Chemical composition of Til50 alloy powder and
forged Ti-6246 alloy (w/%)

Alloy Al Mo Zr Sn Nb Si C Ti

Til50 5.62 0.54 3.71 4.12 0.71 0.38 0.061 Bal.

Ti-6246 6.06 596 3.82 205 - 0.08 - Bal.

R2 HMAEBMHERHEIZESH

Table 2 Parameters of laser additive manufacturing

Sample P/W vimms' Ro/% Vi/gs™* AZ/mm E/Jmm*

1 500 50
2 600 60
3 700 10 50 0.6~0.8 0.5 70
4 800 80
5 900 90

Note: Ej-linear energy density; E, =P/v

K1 AM-Ti150 i®ff
Fig.1 AM-Ti150 sample
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Fig.2 Densities of AM-Til50 alloy deposited layers with

different linear energy densities
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K 3 NRLAER %S AM-Ti150 & & T2 B
Fig.3 Defects of AM-Ti150 alloy deposited layers with different linear energy densities: (a) 50 J - mm™, (b) 60 J mm™,

(c) 70 J-mm?, (d) 80 I mm™, and (e) 90 J mm™*

ala-Ti

(101

L (102)
(110)
L (103)
5

—190 J/mm
., 80J/mm
. 70J/mm

L
Lob

Lo L L 00

& ¢—¢(002),

Intensity/a.u.

60 J/mm|

A

S—

N N A s, 50 J/mm|

30 40 50 60 70 80 90
201()

Kl 4 Tils0 &M R KA FRLEER S E AM-Til50 &5 UM
/2 XRD [&i¥

Fig.4 XRD patterns of Til50 alloy powder and AM-Til50
alloy deposited layers with different linear energy

densities
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Fig.5 Microstructures of AM-Ti150 alloy deposited layers with different linear energy densities: (a) 50 J-mm™, (b) 60 J-mm™,
(c) 70 - mm™, (d) 80 J-mm™, and (e) 90 J mm™*
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Table 3 Martensite sizes of AM-Til50 alloy deposited

layers with different linear energy densities

Ei/J mm™ 50 60 70 80 90
Length/um 151 215 276 352 4.06
Width/pm 055 080 0.81 1.19 154

Length-width ratio 2.75 2.69 341 296 2.64
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Fig.6  Microstructures of interface bonding zone (LAM zone (al~el), up-1BZ (a2~e2), middle-IBZ (a3~e3), and bottom-1BZ

(a4~e4)) with different linear energy densities and initial microstructure (f): (a~a4) 50 J - mm™, (b~b4) 60 J mm™, (c~c4) 70

Jmm™, (d~d4) 80 J - mm™, and (e~e4) 90 J mm™
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Fig.8 Room temperature tensile properties of AM-Til50 2 400 + g’
‘D w
alloy samples with different linear energy densities 5
F 200} 5
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Fig.9 High temperature tensile properties of AM-Ti150 alloy

samples with different linear energy densities
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FIH A XS E AT AR I XRD A5 B () 2206 56 (FWHM)
ERAGT. AT HEAFRLREERE AM-Ti150 &4
DIRRZIIBR AR, MR T HF R IE5%, ik 5
Flizs. B ZRe % MG K, FWHM EH 2% &
FHE T RS, X EWRE AT I 2 ae B %
FEIN, AM-Til50 & & UiR)Z ik R BN ) BE & 2 e &
B KM Je K RN, MR REEEE N 90
Jmmat i, AEUURZ RN RN

10 ALAEEZE 90 J mm™? iF AM-Ti150 &4
DURZR TEM P4, M TEM B34 (& 10a)

Dislocation
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e
Table 5 Diffraction angles and FWHM of Til50 alloy

powder and AM-Ti150 alloy deposited layers (9

Sample  Miller indices (100) (002) (101)
Powder 20 35.138 38.417 40.061
FWHM 0.346 0.258 0.612

50 J.mm- 20 35.318 38.418 40.361
FWHM 0.181 0.189 0.216

60 3 mm- 20 35.461 38.501 40.519
FWHM 0.196 0.248 0.261

20 3 mm- 20 35.520 38.559 40.559
FWHM 0.221 0.184 0.220

80 3 mm- 20 35.384 38.540 40.541
FWHM 0.226 0.164 0.219

90 3 mm- 20 35.479 38.480 40.482
FWHM 0.175 0.154 0.182
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WA R AT S RS DA RO T2 R i
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(Ti, Zr)sSis, f5efa LLUTIE AT H o

(Ti, Zr)sSis

(1120)

(1121)
(oooﬂoom)

10 LRHEESE 90 Jmm™ I AM-Ti150 & 43 E TEM ¥t
Fig.10 TEM bright field image (a); SAED patterns of «'-Ti (b), #-Ti (c), and (Ti, Zr)sSi; (d) of AM-Ti150 alloy deposited layer

with linear energy density of 90 J mm™
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Microstructure and Mechanical Properties of 600 <C High Temperature Titanium
Alloy Fabricated by Additive Manufacturing

Li Yadi'?, Mi Guangbao®, Li Peijie?, Huang Xu®?, Zhang Xuejun'
(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. National Center of Novel Materials for International Research, Tsinghua University, Beijing 100084, China)

(3. Aviation Key Laboratory of Science and Technology on Advanced Titanium Alloys, AECC, Beijing 100095, China)

Abstract: 600 <C high temperature titanium alloy (AM-Ti150) samples were fabricated on forged Ti-6246 alloy by laser additive
manufacturing with different linear energy densities. The microstructure characteristics and mechanical properties of the deposited
layer and interface bonding zone were studied by SEM, XRD, TEM and tensile test, and the formation mechanism was discussed.
The results show that the microstructure of AM-Ti150 alloy deposited layer is basketweave structure composed of o’ martensite. In
the range of linear energy density in this study, with the increase of linear energy density, the defects decrease, the density
increases, the width of martensite lamellar increases, and the tensile strength and elongation at room temperature and high
temperature increase. When the linear energy density is 90 J-mm™, the density of AM-Ti150 alloy is 99.67%, the tensile strength
and elongation at room temperature are 1075 MPa and 4.7%, respectively. And the tensile strength and elongation at high
temperature are 808.7 MPa and 14.3%, respectively. Under the influence of heat source, the non-uniform structure of Ti-6246 alloy
at interface bonding zone is formed from top to bottom, and the ghost structure is formed due to the insufficient diffusion of Al and
Mo elements in the upper part. With the increase of linear energy density, the diffusion of Al and Mo elements are gradually
sufficient, and the size of the ghost structure decreases.

Key words: additive manufacturing; linear energy density; high temperature titanium alloy; interface bonding zone; microstructure;

mechanical property
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