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Study on Microstructure and Properties of TA2 Pure Titanium by
Laser Coaxial Wire Feeding Additive Manufacturing
Fu Chengxue, Lei Xiaowei, Lv Yifan, Yin Yanchao, Zhang Wenhao, Cui Yongjie
(Luoyang Ship Material Research Institute, Luoyang 471023, China)

Abstract: The differences in microstructure and mechanical properties of TA2 pure titanium parts produced by laser
coaxial wire feeding additive manufacturing under three different trajectories namely unidirectional parallel, serpentine
reciprocating and serpentine orthogonal were investigated. The results show that the well forming of TA2 pure titanium
laser coaxial wire feeding additive manufacturing be achieved. The surface of the parts are silver white, and the
mechanical properties in transverse and longitudinal directions both can meet the requirements of GB/T 3621—2022
for TA2 pure titanium plates. The heat input and dissipation conditions of the manufacturing process under the three
tracks are similar, and the microstructure of the weld is serrated o phase. The mechanical properties are variable
greatly under different additive manufacturing tracks, because of the different weld bead fusion morphologies. The
mechanical properties of unidirectional parallel and serpentine reciprocating track specimens have stronger anisotropy,
while the isotropy of serpentine orthogonal track specimen is the strongest. The tensile strength and yield strength of
the unidirectional parallel track specimen are the highest in the longitudinal direction, while the transverse elongation
after fracture of the serpentine orthogonal track specimen is higher and the plasticity is better.

Key words: TA2 pure titanium; laser additive manufacturing; coaxial wire feeding; microstructure; mechanical properties

BB MOPR 3D FTERY 7, SR AT R
RS BPR S (9 S & BeR, AEAL A MR
A R LA R A Wy T S U ) I A 1 T
BN BORIR % 22 1 b ) B AR R 22k I

i EEA: 2023 -04 -01

BEE£ME: BEZRE SV AR E S %00 (2021YFC2800503 ) ;
Bl SRR B (JCKY2021206B039)

BEEE: FFRF(1993—), B, TREI,

ZWOCNERIE A, BIE AT IO 3G M il 1 R,
LI 22 BB 3 ARG L A% R RO 3 M i
W, R, BB RIEE S, T4
) SRR, R B R A

Hair, EWNIMFRIME TR T KE R T
A SO R L 2238 b il BRI 9T . R K
(9 Du' T 7 A P R SR MR 9T BT Y Kelbassa ™
FIvk /R 2 K24 Cazaubon'™ 5 A4 5I%} 0.4, 0.8



BTk #
2 Titanium Industry Progress 40 %

11,2 mm TC4 BRGSO IR 26 22380 i & T2k
T TR, S5 R FRBOE R 4l % 2238 b Ho R 7T
VISR AT 22 1 3l v Y 5 708 [0 57 0 ok o FHEE R
K20 Silze 28 N4 1.0 mm TCA k4 430 R b
1 22 B s P B L SUME REHEAT TRFSE, R
TC4 K& 4 POt [ ik 22 38 b4 i i a4 i AR B A
B I 5 2417, 3 2o A K 2 ] 455 B 1) )
e R AT 2 T L B 1T Al N Aok ROSE, els PR RE
FPREGAOE BER AR FSE BT B9 Ding 25 A" %) 0. 4 mm
TC4 Bk & SO RVl % 22388 b 1 15 T 20064 T HIFSR,
O ERAESE AL ) 1 2k 2 TR 2 212 (IR ) AR A
B AR A i B A T T oA PR EE SR Tk SR b
> Churrucam % A%} TCA Bk& 42 W06 R il 135 8
FEG R % 22 34 A4 ) 15 P FT BB . AR At 44
FUE VAT R 8T, 45 S B 2 P8 b4 A B o
CHAVA, TG [ il 22 22 38 B ) i A9 RECR R AR
AH LB R % by 34 44 i i A o B R B3

ZELATLAL I, [ NANS P X R A 4 O R
Mk 2z3E MR E R Z TR E T L. AU
RO, X AR PR SR PR R ST . B Ah
HETW R 2 E 7 il 2 2 RE I -, X2 EZL
HMH A H LI ERE B = RE Y. 5 TC4 gk &
SAHL, TA2 gifk HA B AL, Ak, D
1.2 mm TA2 g4k Mok, SEASTR] AR T oG R %
22 R R R H LU RE AT R aY, LA
SRAE SR A 4 PO [l % 22 38 B i) 1 R AR SE R T
R B R — R AR LR,

1 £ &

SEE AR G1. 2 mm [ TA2 4542, k254
1 PR, WOCFHI % 22 130 3 350 DL Tl HLEs
N L BUAS G HLAE SRy 18 b il s R G i is sh ALk, A
6 kW BOGERE IR, JFRCAA 150 pm LR,
JEIR % 22 7 B0 3k A b X ik 22 0L K A
50 mm %200 mm x 200 mm [ TA2 4lighktk, R4 H7H
BR2ZFEE R R T AR AR, FH VR A 3 (o X 2% 1
V5 o WM S A R AR B kT, iR S SR
2 FiR

B A b i R 2 . R TR 3
FhESARFTENFLAE 7 120 mm x 120 mm x 20 mm (¥ TA2
Ak E, Hoh, B 1a SHEREOPATERAR, 20
BT —3%, FZHHERTr i —3; B 1b hig
AR MR, B2 RHAEAEEN AR, &

x1 TA2RLLFENS (w/ %)
Table 1  Chemical composition of TA2 welding wire

Ti Fe C N H (0)

Bal. 0. 027 0. 0063 0.0047 <0.001 0.10

R2 HEMEERESH

Table 2 Parameters of additive manufacturing experimental

Laser power, Print speed, Wire speed, Defocusing  Offset
P/kW

V,/mm-s™" V,/mm+s”' amount/mm /mm

2.5~3.5 500~2000 1800 ~3200 -5~5 1.5~3.0

Longitudinal

Longitudinal Longitudinal

Al ¥asderEzl
Fig. 1 Schematic diagrams of additive manufacturing tracks:
(a) unidirectional parallel; (b) serpentine reciprocating;

(c¢) serpentine orthogonal
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Fig. 2 Macro-morphologies of TA2 pure titanium parts

by additive manufacturing
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Fig.3 Weld bead fusion morphologies of TA2 pure titanium
parts under different additive tracks: (a) unidirectional
parallel; (b) serpentine reciprocating; (¢) serpentine

orthogonal
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Fig. 4 Microstructures of TA2 pure titanium parts under different additive tracks: (a) unidirectional parallel;

(b) serpentine reciprocating; (c¢) serpentine orthogonal
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Fig. 5 Tensile properties of TA2 pure titanium parts under different additive tracks: (a) unidirectional parallel;

(b) serpentine reciprocating; (c) serpentine orthogonal
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Fig. 6 Models of weld bead fusion morphologies of TA2 pure titanium parts under different additive tracks

(a) unidirectional parallel; (b) serpentine reciprocating; (c¢) serpentine orthogonal
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Fig. 7 Impact performance of TA2 pure titanium parts

under different additive tracks
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