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Effect of laser scanning speed on macroscopic morphology and microstructure of
TA1S alloy fabricated by selective laser melting

LEI Yang'?, CHEN Bingging, YAN Taigi’, WU Yu', QIN Renyao', SUN Bingbing'

(1. Welding and Plastic Forming Division, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. Wuhan
National Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Titanium alloys are widely used in the fields of aviation, aerospace and marine due to their excellent strength, weldability
and plasticity. This study focuses on a near-o titanium alloy Ti-6.5A1-2Zr-Mo-V(TA15) , fabricated by selective laser
melting(SLM) technology. The impact of laser scanning speed on the macroscopic morphology and microstructure of the TA15
alloy is investigated using a range of analytical methods such as confocal laser scanning microscopy(CLSM) , optical
microscopy(OM ), scanning electron microscopy(SEM ), X-ray diffraction(XRD) and energy dispersive spectroscopy (EDS ). The
results show that variations in laser scanning speed significantly influence the forming quality of the alloy. Specifically, higher
scanning speeds induce discontinuous fluctuations in the melt pool and irregular surface undulations, whereas lower speeds promote
porosity formation at the cross-section. Initially, an increase in laser scanning speed enlarges the size of the martensite structure,
followed by a decrease, accompanied by a gradual reduction in martensite hierarchy. Low or high laser scanning speeds cause local
cracks on the alloy surface, where elemental depletion and enrichment are observed. These findings demonstrate a direct correlation

between laser scanning speed and alloy forming quality. These results provide valuable insights for optimizing the process
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parameters and strategies of SLM for TA15 alloy, thereby facilitating its further promotion and application.

Key words: selective laser melting; TA15 alloy; laser scanning speed; microstructure
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Fig. 1 Three-dimensional surface morphology of TA15 alloy samples fabricated by SLM at different laser scanning speeds
(a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s; (d)1200 mm/s; (e)1300 mm/s; (f)1400 mm/s
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Fig. 2 Surface morphology of TA15 alloy samples fabricated by SLM at different laser scanning speeds
(a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s; (d)1200 mm/s; (e)1300 mm/s; (f) 1400 mm/s
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Internal cross-sectional defects of TA15 alloy samples fabricated by SLM at different laser scanning speeds
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53

IO T R X O AL IRTE TALS 5 4 2 ULIE S RO ZE 2 1 5 i 135

BEIE R, TALS 3 ARKEACTE ORI IR R 3 o 3
TETE ) BAE ) S R 28 K i B b TR
RS, RSB BAL . RO
R, BRI A GG RS B L i B, AL
IS 1 434875 18] (181 3 (a) vh il (LB 25 3k T 1))
ke, BiALAL TIPARAS, X P BURATE & 22 4% 2
ROV, F K A BAL TR AT & . SRR
JeE R T, AR SR A X O

@ 99.84 99.85 99.87

99.69
969" iy

100.0
99.5¢
99.0 1
98.5 1

98.0}
97.5197.38

98.58

Internal density/%

97.0
800 900 1100 1200 1300 1400

Scanning speed/(mm-s™)

IR DX R, A B AL RIE 14 IR AF X
& IX By Rl i sk 4 15, Rk g
ol /D 2 T RROR [ TR, Xt S BB LR I 1
BRI LTI IR 25 18] - 2k S 4148 el RO 25 [ A X
Ko VR TR B 0 A P[] PV BBE ], DA TTTIE LRI
FLB . R AR ERIE AL B — B BEAE O 47 1 %
Fer, W IE gy ) (P 3 (a) ol 8 g 2 A Sk in) )
oA

£ 100} ®)
ol 1/
(0] 80' 1
£
kS
©
S 60f
2
40t
: T
£ 20} \
©
=

O 1 1 1 1 1 1
800 900 1100 1200 1300 1400
Scanning speed/(mm-s™)

Bl 4 AEBOEHEREET SLM BUE TALS & 4 i R aies 5 (a) sk f LR (b)
Fig. 4 Internal density(a) and maximum pore diameter(b) of TA15 alloy samples fabricated by SLM
at different laser scanning speeds

B & 3(0) AT LA Y, S ROG o e Tt =
900 mm/s B}, ISFEAESOGRE B % B K, P A R
PR A ] R 4, RSO R AT R AR Ak
T A S A J Tt VS 55 s b ™ A O B O AR R TR
TIVEFT B2 i 134 7 o] B % HEA AR ECR
P ERIZ LB (] 3(b) il i S hn i), BRI
50 um 25 A7 o MG R gk 22 S,
1100 mm/s #2 = 3] 1300 mm/s, TA15 & 4 il £
B BR A BROE FL B i B 2 a2 (1 3(c) ~
(e)), HEARTE 1~10 pm B 41/ NLERATS AL 1S &2
s, B 4 FETUE L TALS 4 itkem ALz h
5P 20w B AR A, N B K 95.902 pm [ A% F
29.517 pm. [AAF & B, TAL5 & 4R RE 0% B
98.58% (I CHHHH >~ 900 mmy/s ) R T+ & 99.69%
(IO 1 4 3 o 1100 mm/s) , I 2 42 TH &
99.85% (WOGIAHEH S 1300 mm/s) . HIEOEH
T D & 1400 mm/s 1, H1I&L 3(F) AT L)
F i, R ADLT- 78 280, KWL EREKNERIE
FLBR, B KALBR R SHAUA 9.606 um, 2 202
99.87% . XEMAETEROCUIRIEER, GOt
i EE AT TALS R S AL IR EBUR A i .
2.3 YIS

ANFRIBOCHEE T SLM lJE TA1S &4k
FER) X BHATET (XRD) B AN A 5 fis . fbiRrE

20° ~ 100°yE P XRD EiE 5 Ti I HES 4
(100) . (002) ., (101) . (102) . (110) . (103) #0
(112) 77 5 W — 3k, K W BAHAT 5 U . 7E SLM
TR B e )V 0 A IR R 2 AR AR
JERE, (07 7 B AR R B VI B A S HES
T a/a'Afl . 83t XRD B8 S A% Rk B,
AREBEOCHHE#E T SLM BJE TA1S &4
i A% B B 4 7E 0.29395 nm + 0.00015 nm
T, BT AR s ialRE N LT 2380 oA o

XRD Bl 15 i 8 21 2k J2 br i o-Ti W4 2k i 78 o7
., SLM W TA1S & 4 il b 1 06 e AH 55 s 1

A/\ 1400 mm/s
A 1300 mm/s

M‘l 1200 mm/s
\ \ 1100 mm/s
UJ\ 900 mm/s
J\ 800 mm/s

o-Ti |]
20 30 40 50 60 70 80 90 100
26/(°)
Bl 5 AREBEOEHEIEET SLM i{JE TA15 &4k
XRD A

XRD patterns of SLM-ed TA15 alloy samples fabric-
ated by SLM at different laser scanning speeds

Intensity

Fig. 5



136 o= M

LRI ¢ 545 %

o-Ti VR G B, iX E 22 T SLM UJE TALS
HaRENTRE TR (RN 0.134 nm) Fil
HORTFR4H 0.139 nm) R 722/ N FER (R T
PN 0.145 nm) . BB TCE MBI TE oI M
B H BB /IS, AR A RA% O AR, RS RO N &
BT A R . Bt SLM B TA15 &4 iR ke
WL AR I R A B S, ILAh, #E SLM BB
TALS & &3 Bk v n] DL/ HR 4% S fh A I 28
ASHUEE B Ak ) 32l SLM il £ 3 & rh 4T
F5 TALS BRI aoE o2 RO A
24 HMAR

K FH 4 R I BHCBE R A L R OB B Y
SLM I TA15 & 4 iR A 2 2 6 Jmy ik R 1]
mE 6 Fis. BOCHEBEEXT TALS & 4 Ui
TR 2H 2 5% e — 35, PR e /] 6 H o 4
FE A 1200 mm/s i) TA1S & &R FEEFT ik .
& 6(a)nl WL, 7£ SLM WJE TALS & 4 K al i 7Y
AHMZR B A A EIEIK o RESHEir

7

\g

4

B 6 BOGHEMEE N 1200 mm/s B SLM BJE TAL1S5 &4 REk i oY s 5 w2 21

[i) A0 B AT B9 54 (18 6(b) ), BIHEZ 1 [X. (heat-
affected zone, HAZ ) . HAZ H— & i IUAES HIH &
& F WOtk MU S B T M RS A & T8
W AR OGS B SR RL, 7R AR W R R A
JE AT A 35 A o ) 1o AR T 31 B AH T A R
£, S80B M, B HAZ 45 o

ME 6(c)FaT L&k B, SLM i JE TALIS &4
AR AT LR ), B AHES B HAZ 4 FldlE HAZ
X B A PIAT R AR o - D KA. & 6
() F1Ce) 53R E 6(c)f HAZ 7 FIIE HAZ 77 1Y
i 7 BB HORE . HAZ 4519 o - FCARFH |
BB A g g, B 8 X g AU e (I
6(d)). 7EAE HAZ # X3, BT 3 FhAR R
1) o'~ LA, 43501 o 4 B A K I 2 o - B [ A
KSR K o -5 AR K RGN =K o'~
AR (K 6(e)) . WIZ o~ AR 5K S o'-5 [G AR
MESEATEE 1, R =% o -5 AW S A
SEATEEE T, B T AR M A — S o -5 [k

(a) AKLZAR B AH; (b)HAZ 475

(c)p HIA o'- T4 FeAARA; (d)E (c)H HAZ ORI (e) B (¢) Rk HAZ #H7 R
Fig. 6 Typical microstructure of the cross-section in TA15 alloy samples fabricated by SLM at laser scanning speed of 1200 mm/s
(a)irregular strip-like B phase; (b)HAZ; (c)p phase and o/-martensite phase; (d)magnified view of HAZ in Fig. (c);
(e)magnified view of non-HAZ in Fig. (¢)



3

O X 15 DO A U TALS 5 4 75 WU SR RIROWLZH 2R 5 il 137

Z, =9 o - S [RIEKZ 5HXT B IR K o-5
R Z 0] S BT s L HES, BATRST8, K
AR AR, FRTE T LR EE RN,
R, HAZ 4 o/- 55 [ R B B Ak (] 6(d) ),
X H T AR YR 2 BB AR T 45 )2 0 2 %
fI%, IR AR A B A BAE R 2500 .

FIE, KBl 7(a) &

2 3Hr B AH N R4 A

7 B A AL ARt 3 1 LR oL ZH 41

B AT i B IRAR . KRBT IR =
e o'~ A AR A7 8T B AR A HE AT, HAZ
A o RS S HEA A 4 . AIET 7(D)
AT LAWLEE ] BOAH B BT AR, B A 2 BN AL E
Mo R BARERF (& 7(c) ), ATLATE WIS S B 4
A A FEAT R EEIR o- T IR AA, HAE K D145 B AH
FO R A 450, of - S MR AR SRR B AHINER

(a)B AHARARL AR S [R5 (b)B AHERT; ()P AR RS GRS A

Fig. 7 Typical microstructure within the grains and at B phase grain boundaries (a)martensite distribution within B phase grains;
(b)B phase grain boundaries; ( ¢ )martensite distribution at B phase grain boundaries

Kl 8 B~ T AN [A] BG4 1 3 B2 X SLM
TA1S & &R FE P o - [GARTE S B2 i . R
Image J 3K FXF TAL15 & & NFIR I o -5 R
R RGF AT, Gotas A ani 9, i 8(a) fir
7N, MO R 800 mmy/s B, TA1S A 4R
FENFR AT WA = K PO o - T FARSS S A FE
WK o - [CARZ ],y (AR =[] AT X5 1) 522 Aty
ARAT A0 () BURL B A, BAR IO B S B0
RER W K, M1 o - AR E BB . 2
IR B, o'~ [ Sl R0 Jh o5 KR ST 43 31)

953 um A1 0.68 pm (& 9) o MOt B #E T
% 900 mm/s B} (& 8(b) ), TALS & & il A N HF IR
PR o - AR AR AT HEA T, Kt =% o -5 Gk
H UK SR RS of- T AR 22 [, 35043 5 4 /)N
FIPA o' - [CIAR R A R AL 42, 263553 -1
TR Z (A1 AT UL PR 5 A TR B AH . IR, o5 FGAAR G
Al 2l R B RORT 43 0BG N & 61 wm 1 0.77 um
(K 9), YL 77 BB R 2 79, IO
HREHE R 2 1100 mmy/s B (& 8(c) ), TALS &4k
FE ST LK A 5 S G 2 S A IR o -5 [ AR LA

F 8 ARBOEHAMEE T SLM i TALS S48t o5 iR B i

(a)800 mm/s; (b)900 mm/s; (¢) 1100 mm/s;

(d)1200 mm/s; (e)1300 mm/s; (f)1400 mm/s

Fig. 8 Microstructure of a’-martensite in TA15 alloy samples fabricated by SLM at different laser scanning speeds
(a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s; (d)1200 mm/s; (e)1300 mm/s; (f) 1400 mm/s
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(a)backscattered electron image of the crack; (b)magnified view of the marked area in Fig. (a)
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