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Table 1 Chemical composition of Ti6Al4V powder (wt%)
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Fig.2 Macroscopic morphologies of B,C/Ti6Al4V composites under different laser powers: (a, d) 900 W; (b, ¢) 1200 W; (c, f) 1500 W
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Fig.3 Macroscopic morphologies of B,C/Ti6Al4V composites under different scanning speeds: (a, d) 500 mm/min; (b, €) 750 mm/min;

(c, f) 1000 mm/min
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Fig.4 Microstructures of B,C/Ti6Al4V composites under different laser powers: (a, d) 900 W; (b, e) 1200 W; (c, f) 1500 W
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Fig.5 Microstructures of B,C/Ti6Al4V composites under different scanning speeds: (a, d) 500 mm/min; (b, €) 750 mm/min; (c, f) 1000 mm/min

500
406.5
a 382.6 385.3
S 400+
=
S 3001
5
E 200F
e
2
= 100+
0 1200 1500
Laser Power/W

6 AIFRIBOLIIE T B,C/TI6AdV Z A MR RERE
Fig.6 Microhardness of B,C/Ti6Al4V composites under different

laser powers

A, B DA A S AR /R P PR . I EL il B 2, i Aor
AR TIB M TIC 4% » X 2 Rl R e & SR SR
PRV R P2 I 5 T (1 8 DT A
322 I ZABOTEHERERGR R
RFEEOEThZ N B,C/TI6AI4V = ARRH I BEHE R %
(COP HhZtnE 8 7.  MIEI8 AT LA HAN RO T T B
R B 4 PR, X R W S R4 5 0 750 mm/min
i, ARES IR B 3 WO IR T, S A MBI EEEAT R
R — € AR . 25638 2 0 52 G MRE I BE 1 BE 45
YRt — Dt RAEEE R BHIAEE HY
WOGTHZEM 900 W T3 1500 W IR, B4 2k 3 A1 B4R
IR RS, R 10.409%10 mm* N \m ™ T [E F
8.637x<10 *mm’ N "m ', N T 17%. BT HOLI %
e AR AT S A R o 24 S RO P e e I, AT DA R
PUIEAR PR 2B AR TR0 B 45 A IR B V)82 7, AT S5 B
B TR DA N AR 2R T, 2 1T 42 v A Rk R T B 1 Y

500
412.2
“ 400} 3853 381.5
2
2 300
Q
-
& 200F
2
=
= 100}
0
500 1000

Scanning Speed/mm min™!

B 7 ARFRGEE S B,C/Ti6AI4V & AR RHA
Fig.7 Microhardness of B,C/Ti6Al4V composites under different
scanning speeds

&
~

.o
w

Coefficient of Friction, COF
=) o
— o

e
=)

0 360 660 960 12|00 15I()O 1800
Sliding Time/s

8 FEIEINET B,CITI6AIAV A R B 2 5 h 2
Fig.8 COFs of B,C/Ti6Al4V composites under different laser powers
BRI BAAN O D 2 A N, B A RHE AL A B TiB A1
TiC ¥ % , TiC M TiB J& T A8 5 , BA — & I B 1k
AR B, C R iy B — € AT B A (ERAE A [ O
DIZN R B,C HUR 22 BE AN K, 0 JBE 2 4 66 11 5% i 47



1 W

TGS T ESHOTHEOEE ML R DU B,C/Ti6AI4V B AR M RE 52 141 ¢

2 FEMAHE TEAMRIERIKER

Table 2 Wear test results of composites under different laser

powers
Laser Average ‘Wear mass Wear rate/
power/W COF loss/mg x10*mm’* N "-m"'
900 0.247 6.925 10.409
1200 0.251 6.425 9.686
1500 0.246 5.900 8.637
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Fig.9 Wear morphologies of B,C/Ti6Al4V composites under different laser powers: (a, d) 900 W; (b, €) 1200 W; (c, f) 1500 W
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Table 3 Wear test results of composites under different scanning

speeds
Scanning
Wear mass Wear rate/
speed/ Average COF DR
L loss/mg X107 mm’ N -m-
mm-min
500 0.243 5.825 8.517
750 0.251 6.425 9.686
1000 0.264 6.450 9.915
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Fig.11 Wear morphologies of B,C/Ti6Al4V composites under different scanning speeds: (a, d) 500 mm/min; (b, e) 750 mm/min;

(c, ) 1000 mm/min
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Table 4 UTS and elongation values of composites under different

laser powers

Laser power/W UTS/MPa Elongation/%
900 1173.1+1.6 1.7+0.6
1200 1164.3+3.8 4.0+0.1
1500 1130.9+0.7 5.2+0.9
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Fig.13 Tensile fractographs of B,C/Ti6Al4V composites under different laser powers: (a, d) 900 W; (b, e) 1200 W; (c, f) 1500 W

— 500 mm/min
600 —— 750 mm/min
—— 1000 mm/min

Stress/MPa

400

200

Strain/%

14 AFEFHGEE T B,C/TI6AIAV & AR 3-8 22 28
Fig.14 Stress-strain curves of B,C/Ti6Al4V composites under

different scanning speeds
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Table 5 UTS and elongation values of composites under different

scanning speeds

Scanning speed/

I UTS/MPa Elongation/%
500 1144.844.2 3.440.6
750 1164.3£3.8 4.0£0.1
1000 1180.4+6.2 4.6+0.4
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Fig.15 Tensile fractographs of B,C/Ti6Al4V composites under different scanning speeds: (a, d) 500 mm/min; (b, e) 750 mm/min;

(c, ) 1000 mm/min
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Effect of Process Parameters on Microstructure and Properties of B,C/Ti6Al4V
Composites Fabricated by Laser Directed Energy Deposition

Dou Wenhao', Wang Jiandong', Fan Mushi', Zeng Yuzhou', Dong Zemin', Li Liqun®
(1. College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001, China)
(2. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Laser directed energy deposition technique was used to prepare 1vol% B,C/Ti6Al4V composites with varying process parameters to
investigate the effects of process parameters (laser power and scanning speed) on the microstructure and mechanical properties of laser melting
deposited B,C/Ti6Al4V composites and to uncover the relationship between the microstructure and mechanical properties of the composites under
different process parameters. The results show that the reinforcement of the composites consists of undissolved B,C, TiB, and TiC since the
additional B,C particles are partially dissolved. As the laser power rises or the scanning speed drops, the quantity of undissolved B,C diminishes.
Simultaneously, the quantities of in-situ formed TiB and TiC increase, and the grain size of f-Ti gradually grows. As laser power increases, the
hardness of composites rises from 382.6 HV  ; to 406.5 HV .. As scanning speed decreases, the hardness of composites likewise rises. The wear
rate achieves a minimum value of 8.517x10™* mm’-N"-m™' when the laser power is 1200 W and the scanning speed is 500 mm/min. When the
laser power drops or the scanning speed rises, the tensile strength rises, reaching a maximum value of 1180.4+6.2 MPa. The effect of grain
refinement is responsible for the increase in tensile strength.

Key words: laser directed energy deposition; process parameter; composite; microstructure; mechanical property
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