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SR FH Ak B (R Ak B 4 E Ak B TS Ak BB R A
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WO T2 280, b e o) %2 43 51 o 210,225,240,
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G IEE 43 914 75 pum F190 pm . 7 g% 90°H9 J2 i)
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A B R RE IR AT IS 22 M RE 9 4 . LPBF B (1)
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N, Z 5 RS0 B T2 6 E K R 54.5 mm B bR ifE
P AR I B 6 b B S B RE B T IR R R SF
FE () FR .

# 1 TiB,/7050 & FEVB R M LPBE RO ik 19 4k 25 i 70
Table 1  Chemical compositions of TiB,/7050 composite powder and LPBF formed sample

Mass fraction / %

Material
Zn Mg Cu Zr Ti B Al
TiB,/7050 composite powder 6.641 2.345 2.121 0.135 4.963 2.149 Bal.
LPBF formed sample 4.593 1.755 2.288 0.143 4.895 2.133 Bal.

20 mmosy

60 mm |

(d unit: mm

K1 TiB,/7050 & G A B AR IE B AT ERIEAE e SR iaise R o (a) R B A5 (b) AR A FT ERFE SR ; (¢) LPBF BB RS
60 mm > 20 mm > 10 mm BYREBR 5 (d) L i RE R Z
Fig. 1 TiB,/7050 composite powder morphology, print sample blocks, and tensile sample size. (a) Powder morphology; (b) different

print sample blocks; (¢) LPBF shaped sample block with size of 60 mm X 20 mm X 10 mm; (d) schematic of tensile specimen size
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91 3B+ AR R T ER R Y A X R R
F s 240 WH450 mm/s+75 pm (No.1) , 240 W+
500 mm/s+75 pm(No.2) , 240 W-+450 mm/s+
90 pm (No.3) , 240 W-+500 mm/s+90 pm (No.4) .
WA F R U 2H 2 80T TiB,/7050 & &k kL RE i A
X B BE 3 i 29 Sk 98.3% . 98.7% . 98.5% 1 99.1% .
2 Je % X DY A R SR AT 4 A 2 SV 25 R 3
1 N W5 < o L1 2 = Ol S S A <
() 100

ZM
==

96 oss w
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400 450 500 550 600
Scanning speed /(mm-s™)

Relative density /%

P2 AR ) BE R AR e g AR X 28 B2 . (a) 1A TR 2 75 pm s (b) 4348 18] #0290 pm

Fig. 2 Relative density values of samples measured under different scanning spacings. (a) Scanning spacing of 75 pm; (b) scanning

spacing of 90 pm

Sk

K3 AFET.ZZEF Y TiB,/7050 #4412 41 . (a)No.1;(b)No.2; (¢)No.3;(d)No.4
Fig. 3 Metallographic structures of TiB,/7050 sections under different process parameters. (a) No.1; (b) No.2; (¢) No.3; (d) No.4
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P2 RE DR AT IR PR SE G KR B9 P b ok s IR J12F PR RE

(@) 350 as-built state ® 300k as-built state © 4t as-built state
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280 & 240t
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£ / % 180 =
5 - N
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v 140 / @ 190t 3
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q o) / M
5] / = 1H
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K4 BURZS AP PRZS LPBF JMJE TiB,/7050 5 & BB 1A PERE o () BUHLEE L 5 (b) i IR L 5 () 4E fef 4
Fig. 4 Mechanical properties of as-built and heat-treated TiB,/7050 composites formed by LPBF. (a) Tensile strength; (b) yield

strength; (c) elongation
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Fig. 5 XRD patterns of as-built and heat-treated TiB,/7050 K/ (HLO.286) ;p‘°‘“lﬁ{ﬁ%%g > P BLE LA A
composites BB (TEM) % RAET-B gk o A, Adorewn N TiB,
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SEM {5 ; YU B AL BEZS TiB,/ 7050 &4 B 8 (H AL (g)Zn . (h) Ti, (1) Cu. (j)) Mg ¥ EDS 4%

Fig. 6 SEM images and EDS results of as-built and heat-treated TiB,/7050 composites. SEM images of (a)(b) as-built and (¢)-(e) heat-

treated TiB,/7050 composites; EDS results of (f) Al, (g) Zn, (h) Ti, (i) Cu, and (j) Mg in as-built and heat-treated TiB,/7050

composites
WURLB] A Orowan 346", 1T LA R A RIS B (LR 3.9%6) s d, S A8 K UKL - 2 RS (2
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Fig. 7 EBSD image, grain size distribution, and pole and inverse pole images of heat-treated TiB,/7050 composites formed by LPBF.

(a) EBSD image; (b) grain size distribution; (c) pole image; (d) inverse pole image

8 N AE 240 W+450 mm/s+75 pum(No.1) Z ¥k
44 F LPBF ®JE TiB,/7050 & & #1 B TR 25 Fi 44 kb
BRSBTS . nT LU B AR A Y 22 00 K
F1R W T Ak A R A LA [ BT 8 Ca) AT 8 () |, BT AR
25 10 W7 014 R U N RST fige 2P DA B B [ 8 (a) A
E8(h) ], H Wm0 es i it b, 22 B B Y e
PEWT 2 . 7RI AR T ik AR, b Rl SR A L R RN
FLAR 2 Bl AR T B A 8 OROm B KT R oK )
FLI KL BCRL A I 77 A R LR B A
LM R BLE AR 3K . LA, 7E TiB,/7050 & A # K

I BT 1AL A R A, FE R O R e R s
S W A ORE Y B R SR B . AN B 8 (¢) R IAL 8(d)
Al LLE A B | TiB,/7050 & A b RE B B A
PR A B B B REAE (R — 2 DB B e
P W 24 11 i BT 5 RRAE X8 TR A T B -
Wizd, Horp ey RSF b 2~3 pm, 5 ik RSP . TiB,
WKL 3 L 4y A AE B B ISR X 2R B TiB, AR ] LA RR
il & A AE P R b B R B, B B S B A R
)5 IS A T 2 00 5 A UKL, AR ) 2R e i — 2P
P Ft.

0402304-6



10 pm

E51% F4H8/2024 £ 2 B/HE#N

(‘l‘ﬂ(‘k g ———

100 pm

100 pm~

B8 UL FIERAL HLZS TiB,/7050 & G A BRI L TES . (a) (D PTERAS s (o) () FAALFLZS 5 (o) 8(b) HE LR AMEAL 1 K 45 2R

(D) I 8(d) HE L AHE AL 1) il 25 2R
Fig. 8 Tensile fracture morphologies of as-built and heat-treated TiB,/7050 composites. (a)(b) As-built state; (c)(d) heat-treated state;
(e) enlarged result at dotted box in Fig. 8 (b); (f) enlarged result at dotted box in Fig. 8 (d)
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Microstructure and Properties of 7050 Aluminum Matrix Composites
Reinforced by TiB, Particles Fabricated Through Laser Powder Bed Fusion
(Invited)

Wang An', Tang Zijue'*, Wu Yi'"*, Wang Haowei'’, Wang Hongze"*
'The State Key Laboratory of Metal Matrixz Composites, School of Materials Science and Engineering, Shanghai
Jiao Tong University, Shanghai 200240, China;
‘Institute of Anhui (Huaibei) Alumics Materials, Shanghai Jiao Tong University, Huaibei 235000, Anhui, China

Abstract

Objective Laser powder bed fusion (LPBF) is a metal additive manufacturing technology that utilizes high-power lasers to melt and
stack powdered materials for rapid prototyping. However, metals used in current lightweight and high-strength LPBF processes are
extremely limited. In particular, in terms of aluminum alloys, LPBF-formed aluminum alloys are mainly focused on Al-Si alloys.
The inherent un-weldability of 7050 aluminum alloy and the high thermal stress induced by rapid cooling during the additive
manufacturing process cause cracking or deformation during LPBF , limiting the application of LPBF technology in the preparation of
this type of alloys. This study investigates the LPBF formation of TiB,/7050 composite and subsequent heat treatment (solution +
aging treatment) process, exploring the effects of different process parameters and heat treatment conditions on the microstructures
and room temperature tensile properties of TiB,/7050 composite.

Methods Orthogonal methods are employed to select laser process parameters, including laser power levels of 210, 225, 240, and
255 W. The scanning speed levels are set at 400, 450, 500, 550, and 600 mm/s, whereas hatch spacings are set at 75 pm and
90 pm. The scanning strategy involves a layer-by-layer rotation of 90° using the stripe scanning method. In total, there are 40 sets of
process parameters. The heat treatment is conducted via solution treatment in an muffle furnace. After the samples are solubilized at
475 °C for 1 h, they are cooled in room temperature water and then aged at 120 °C for 12 h in a tubular resistance furnace before final
cooling in ambient air. Tensile experiments are performed using a room temperature tensile device at a strain rate of 10~* s™'. Tensile
specimens with appropriate dimensions are prepared, and three samples in equivalent conditions are tested to obtain the average
values. X-ray diffractometer is employed to analyze the phase composition of the samples. The scan angle range is set between 20°
and 120° with a scan rate of 2 (")/min. Microstructural characterization is performed using a scanning electron microscope (SEM), and
the material surface elemental compositions are analyzed using an energy-dispersive spectrometer (EDS).

Results and Discussions Under the following four sets of process parameters (laser power -+ scanning speed -+ scanning
spacing), the relative densities of the printed sample are higher: 240 W-+450 mm/s+75 pm (No. 1), 240 W+500 mm/s+75 pm
(No.2), 240 W+450 mm/s+90 um (No.3), and 240 W+500 mm/s+90 pm (No.4). The obtained relative densities of TiB,/7050
composite samples are approximately 98.3%, 98.7%, 98.5%, and 99.1%, respectively (Fig. 2). The tensile experiments under
these four sets of parameters are conducted at room temperature on the as-built and heat-treated samples. In the as-built state, the
TiB,/7050 composite exhibits the highest strength under the condition 240 W+450 mm/s+75 um (No. 1), with tensile strength,
yield strength, and elongation being 286 MPa, 250 MPa, and 2.3%, respectively (Fig. 4). After heat treatment, both the strength
and plasticity of the material significantly improve for all four sets of parameters. In particular, under the as-built condition of 240 W +
450 mm/s+75 pm (No.1), the material achieves tensile strength, yield strength, and elongation values of 351 MPa, 294 MPa, and
4.2%, respectively (Fig. 4). Additionally, in the as-built state, the primary microstructure of the composite consists of a-Al phases
and TiB, particles. After heat treatment, a significant number of secondary phases precipitate from the matrix, and SEM results show
the presence of abundant precipitates in the forms of both particles and elongated phases (Fig. 6).

Conclusions The addition of TiB, particles significantly suppresses the cracking of 7050 alloys through the LPBF process and
exhibits favorable formability. The optimal process parameters in the as-built state are 240 W+450 mm/s+75 pm, which result in
the highest strength of the TiB,/7050 composite. The tensile strength, yield strength, and elongation are 286 MPa, 250 MPa, and
2.3% , respectively. The microstructure of the TiB,/7050 composite after heat treatment consists of fine-sized equiaxed grains. The
grain size is concentrated in the range of 1-3 um, with TiB, particles evenly dispersed in the grain boundaries and within the equiaxed
grain structure, effectively promoting the formation of heterogeneously nucleated refined grains. After heat treatment, the tensile
strength, yield strength, and elongation of the specimens of TiB,/7050 composite are 351 MPa, 294 MPa, and 4.2% , respectively.

Key words laser technique; laser powder bed fusion; TiB,/7050 composite; heat treatment; mechanical properties
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