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3D printing method of Ti-Ni-based thin film metallic glass / shape memory alloys
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The purpose of this study are to establish new 3D printing method for shape
memory alloy using viscous flow of Ti-Ni-based thin film metallic glasses (TFMGs) / shape memory alloys
(SMAs) in supercooled liquid region. Ti-Ni-based TFMGs show glass transition, and crystallized
Ti-Ni-based TFMGs show shape memory effect.At first, we investigated the viscosity of Ti-Ni-Zr and
Ti-Ni-Cu TFMGs. Both TFMGs show the viscosity order of 1010 Pa s.

We tried to prepare the Ti-Ni-based MG powder by a gas atomizing or mechanical alloying. However, we
couldn’ t prepare them. In further work, we prepare the MG ribbon by melt spun method, and we will
establish new 3D printing method for SMA using them.
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4.1 Ti-Ni-Zr
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DSC curves for crystallization of as-sputter
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Thermal properties of Ti-Ni-Zr TFMG

Composition(at.%) Ty (K) Ty (K) AT (K)
Ti46Ni502|'4 o 774 .
TiggNisoZru 703 760 57
T|39Ni492r12 o 754 -
T|35Ni522r13 715 765 50

TizssNisgsZris 736 764 28
TiasNisosZr1s 741 770 29
Tingi5szr]_G 726 781 55
Ti32Ni5]_Zr]_7 732 767 35
Ti27Ni5]_Zr22 739 771 32
T, T, |
A e TiNi7r,
800 A e Ti,Ni,Zr,
< A @ PdCusi
o ]
=]
g 1 Y
g 700 e
IS
(0]
(= [ ) ...
A S e
600
10 10° 10° 10 10°
Time (sec)
TTT diagram of Ti39Ni5()ZI'1 1» Ti32Ni5|Zr|7,
and PdCuSi TFMG
4.1.3
(Thermal  mechanical
analyzer:TMA)
5MPa
4
TizgNiseZr1q
7.8x10"° Pa s Zr
Tiy;Nis  Zry,
2.2x10"Pa s
100

20 K/s

10" T T T — T
o e Ni: around 50 at.%
8x107 - o ® Ni:around 55 at.% |
L]
6x10" - 7
m )
©
& 4x10°} 1
z *T e
@
o
o
Q2
> 2ot ¢ .
Heating rate: 0.33 K/s
L L L L L L

10 12 14 16 18 20 22 24
Zr-content (at.%)

Apparent viscosity of the Ti-Ni-Zr

TFMGs.
Cu-Zr
CusyZrys
2.5x10"Pa s Ti-Ni-Zr
1x10%Pa s
4.2
FDM
5
3 TTIT
2000 sec
L. 10 mm ¢, 2mm
L, 1mm ¢, 0.1 mm
1x10°
Pa s 0.1 mm/s
0.01 mm/s 360
MPa

s 2 e B SEASHR
£—5 @ ® E
RDJa=F e & @ ®
a® 2 @

Cylinder

_Heater




4.3
Ti-Ni-Zr
Ti39Ni5ozr1 1
500 m
XRD
6 XRD
B2
B2
E B2
30 10 50 ) 70
2 theta (deg)
6 XRD profile of Ti-Ni-Zr powder
fabricated gas atomization
4.4 Ti-Ni-Cu
44.1
Ti-Ni-Zr
Ti-Ni
/
Ti-Ni-Cu Ti-Ni-Zr
442
Ti-Ni-Zr Ti-Ni-Cu
DSC TMA
7
(a)
Ti 50 at.%
700 K
(b)
730 K Ti-Ni-Zr
() Ti-Ni-Zr
30 50K
(d)
TisoNip;Cup;  3.1x 10" Pa s
Ti-Ni-Zr
10" Pa s

750
25 20 15 10 5 0 l 40
R 7 55 2
&3 AR WARA %, &7
o4 + KX 50 o 720
35 o/ v 710
\ \ \ 45
20 25 30 35 40 45 50 55 l 700
Ni (at.%) [ BT
(a)  Glass transition temperature
T, (K)
790
25 20 15 10 5 0 [ (s
R 55 2 770
N . % : 760
N v\ 50 =2 750
(@) \ /\ N\ /\ 7 4 740
35 AN XA NN 70
- - - 45 720
20 25 30 35 40 45 50 55 I 710
R 700
Ni (at.%)
(b)  Crystallization temperature
AT (K)
50
% 20 15 10 s 0 [ P
& 55 2
o 7 o 40
Sy A TATAW o/ %, 35
& ATy " 50 oy 30
g 74\ \ o
: s @
20 25 30 35 40 45 50 55 1s
. 10
Ni (at.%) [ |

(¢)  Width of SCLR
Viscosity (Pa s)

2.6x10"
25 20 15 10 5 0 | Pyl

53 2 2.0x10"
%, 1.7x10"
A0 @ 1.4x10"

Lix10"

\ / 0
\ \ \ as g iono?
20025 30 35 40 45 50 55 psOxi0

w0
Ni (at%) 2.0x10!

o

N

VANAVINEY
AVACAVAY,
L INANEEY AEEAC T

(d)  Viscosity
7 Various properties of Ti-Ni-Cu TFMGs
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