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Bl 1 Ti-Ni JBRICIZ & & TG S RN
Fig.1 Morphology of pre-alloyed Ti-Ni shape memory alloy
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Table 1 Chemical composition of TiNi shape memory alloypowder (¥ /%)
Ni C Cr Fe Nb H N O Ti
55.8 0.0070 0.001 0.01 0.001 0.0006 0.0015 0.044 Bal.
2
2.1 SLM Ti-Ni

B2 BORE XA RE Ti-Ni TERIZIZ & &R E
Fig.2  Schematic diagram for Ti-Ni shape memory alloy
samples fabricated by SLM with different laser

scanning speeds
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Fig.3 Relative density of Ti-Ni shape memory alloy fabricated

with different scanning speeds

2.2 SLM Ti-Ni

Bl 4 Sk AN EOG R #E 2 Ti-Ni JEARId
126G FERIF S TS . HEIRT LR, AR
UG B RE Ti-Ni TARIEIZ A & N Sk a1 b,
X5 3 b T AR S B R AR R 1R 45 R AR
. MEBOCHMEEIE N, T Ti-Ni &8N
BB TS LN N AR AR, 2 A R D
fF, 4kl 4a (700 mm/s) F1El 4b (800 mm/s) Fow,

a
Spherical shape

BT AR AE P 8 0 dR g T8 30 28 Y 3 2 g 30 0 0 BR T AL
T, XRHTEREHMEET, WMAREEEX
(~3(1)), BOLSBRALARN Ti-Ni W& S0 R 1EH
BV, MRS B famh, 6 s T a4 )8
RS SE o 28R UL R AE S S5 AR I R v ik B AE
B AR A PR 0 IR AR A S P A 3R ) RS R A
Ty PN A Rk A A P I 2R, R AR LR IR Y, T R
BRI FLIR i B At £ B AE 2B B [ RO 1 Ti-Ni FERE
{26 &R FE a0, B AR, W 4c~de
(900~1100 mm/s) Frow, AXREM %3] F H oA il
BB, HERFE I TE S RE A T R ER T, SO T i
4d BT R BT O A IS BN TR o 2 4 e R 4
F| 1200 mm/s (& 4~ 4l) L L, Bl N SR Bk
R B T BB R T O, R A T 3 3 R I O S R
Ko XRHTHERFEEE K, Bobs BAa g N
TG Gk AR A B R AR R, SR B ) SR A P 4 N g
BEEERIK, SREEMARKRETEEENL, SERE
FERCRRS, WO AR R 2RI, SRS
LWL A R Ti-Ni BUA S8 R FEARA
FEARRFEPE . N 4 FhR] L, 4435 AL 700 mm/s
B INE] 1700 mm/s L FEH, SLM #JE Ti-Ni
TEARACAZ B 4 P 308 (0 S 57 R L 47 A3 0 00 35K T2 9 4,
FSCAN KT TR R A A% G 5 B

Irregular shape
defects

B4 AF SLM BOBHEE BT Ti-Ni R0 & 4 oK J8 il Bl b 7 30
Fig.4 Uncorroded morphologies for Ti-Ni shape memory alloy fabricated by SLM with different laser scanning speeds:
(a) 700 mm/s, (b) 800 mm/s, (c) 900 mm/s, (d) 1000 mm/s, (e) 1100 mm/s, (f) 1200 mm/s, (g) 1250 mm/s, (h) 1300 mm/s,
(i) 1400 mm/s, (j) 1500 mm/s, (k) 1600 mm/s, and (I) 1700 mm/s
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2.3 SLM Ti-Ni
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Fig.5 XRD patterns of Ti-Ni shape memory alloy fabricated by SLM with scanning speeds of 700-1200 mm/s (a) and
1250-1700 mm/s (b)
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Fig.6 OM molten pool morphologies of Ti-Ni shape memory alloy fabricated by SLM with different laser scanning speeds:
(a) 700 mm/s, (b) 800 mm/s, (c) 900 mm/s, (d) 1000 mm/s, (e) 1100 mm/s, (f) 1200 mm/s, (g) 1250 mm/s, (h) 1300 mm/s,
(i) 1400 mm/s, (j) 1500 mm/s, (k) 1600 mm/s, and (I) 1700 mm/s
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Fig.7 Width of molten pool for Ti-Ni shape memory alloy

fabricated by different scanning speeds
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Fig.8 SEM microstructure of Ti-Ni shape memory alloy fabricated by scanning speed of 900 mm/s (a-c); EDS spectra and results

of the white area marked in Fig.8b (d) and Fig.8c (e)
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Fig.9 DSC curves of Ti-Ni shape memory alloy fabricated by SLM with different scanning speeds: (a) 700-900 mm/s, (b) 1000-
1200 mm/s, (c) 1250-1400 mm/s, (d) 1500-1700 mm/s; change curves of Ap and Mp (e), and Ms and As (f) with the increase

of scanning speed
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Fig.10 Compressive properties of Ti-Ni shape memory alloy fabricated by SLM with different scanning speeds: (a-c) compression

curves with scanning speeds of 700~1700 mm/s; (d) change curves of the compressive strength with the increase of

scanning speed
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Effects of LaserScanningSpeedon Microstructure and Properties of Ti-Ni Shape
Memory Alloy

Jiang Muchi®?, Ren Dechun?, Zhao Xiaoyu?, Cai Yusheng?, Ji Haibin?, Lei Jiafeng™?, Yang Rui’?
(1. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Selective laser melting (SLM) was used to fabricate Ti-Ni shape memory alloys. The effects of scanning speed on
internal defects, molten pool morphologies, phase transformation behavior and mechanical properties of the alloy were studied
using OM, SEM, XRD, and room-temperature compression. The results show that with the increase of laser scanning speed, the
internal defect morphology changes from a nearly regular spherical shape to an irregular one when other printing parameters of
SLM remain unchanged. For instance, the width and continuity of the molten pool morphology decrease with the increase of laser
scanning speed. Besides, the increasing laser scanning speed initiates that the phase composition of Ni-rich Ti-Ni shape memory
alloy changes, B196 martensite content decreases, and B2 austenite content increases. And the transformation temperature of the
formed Ni-rich Ti-Ni shape memory alloy decreases at first and then increases with the increase of laser scanning speed, but there
is a single transformation peak during the process of temperature rise and fall. At 900 mm/s of the scanning speed, the relative
density of the alloy reaches 98.5%, yielding the minimum internal defects. Simultaneously, the sample has a maximum compressive
strength of 3120 MPa and a compressive strain of 41%, which is the best printing parameter to produce exceptional properties.

Key words: Ti-Ni shape memory alloy; additive manufacturing; laser scanning speed; defect type; mechanical property
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