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Effect of Ni, C and Ti Addition on Shape Recovery Behavior and the Mechanical
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Abstract: Fe-Mn-Si based shape memory alloy is a new functional material that can be used to apply prestress
to civil and structural components such as concrete structures. In this study, the effects of alloying elements Ni,
C and Ti on the mechanical and shape memory properties of the alloy were investigated in detail using a base
alloy composition of Fe-17Mn-5Si-5Cr (wt%). Enhanced shape recovery ratio and decreasing strength were
observed in the alloy when 4 wt% Ni was added. With the further addition of 0.05 wt% C, the alloy showed even
higher shape recovery behavior, although the mechanical strength was lowered by the C addition. Increasing
the carbon content up to 0.1 wt% led to higher mechanical strength while the shape recovery ratio was decreased
slightly. It was shown that the addition of 1 wt% Ti can significantly enhance the shape recovery behavior of
the alloy. The recovery behavior of the alloy with the co-addition of 0.3 wt% C and 1 wt% Ti was similar to the
alloy without Ti but containing 0.1 wt% C, even though the C content was significantly higher. The alloy with
the co-addition of 0.3 wt% C and 1 wt% Ti has great potential as functional components in prestressed civil
engineering structures, since the yield strength of the alloy is as high as 400 MPa in the solution heat treated
condition and can be further improved by aging heat treatments, which precipitate TiC particles.
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Table 1. Chemical compositions of Fe-Mn-Si alloy batches 1-5.

Batch No. Composition (Wt%)

1 Fe-17Mn-58Si-5Cr-1Ni
Fe-17Mn-5Si-5Cr-4Ni
Fe-17Mn-5Si-5Cr-1Ni-0.05C
Fe-17Mn-5Si-5Cr-1Ni-0.1C
Fe-17Mn-5Si-5Cr-1Ni-0.3C-1Ti

DB W

Table 2. DSC results of Fe-Mn-Si alloy batches 1-5.

Batch No. Ms (°C) As (°C)
1 41.8 175.5
2 29.8 128.6
3 44.1 122.8
4 44 142.8
5 24.6 127.8

AzE dAnollA A7 (Electrical Discharge
Machining)yS ©]&38F 0.7 x3 x 100 mm® (¥ 1 (c))<]
2EY g KS B0801 149 IEAIAR6]IS AL, &
A AEHS FHE Avkst & FEAIE 9 AR
AREE AT

=] batchd wA|2ZS A7) flste] 7R
Efe] @S SiC papers ©]83ste] @AIHOE Anf
% 1um EFunt g45} 0.04 um A7} fQoz I
Arpsar ArbEl AJAL e-RfEHIAIE Ae] E91S 93]
0.5% ammonium hydrogen difluoride (NH,HF;) + 1.2%
potassium metabisulfite (K,S,05) N2 o3t & F
gksu]7 (OM, Eclipse E200, Nikon, Japan)o.2 #Z3

d
P

ofN

=

Faol YPIAEHL Bk Asted AAANS §
PN AAE ol gl Lo FUNEL ST
o, AHE FYANEING 2EYS 27 19 Yehyoict.

=
HAAFAN 2EHA bEe HEEEe W ol

=4 [e]
mme 2EHES R,=147mm, 72mm % 4.7mm 2] Al
7 W o g w3lsiiet, ol A (DE Akl Hol
HEE £4r=2.3%, 4.6% B 6.9% °l F3she wIHE
olt}. o] WIAFE 2EF] rtskeS AAS & &
A3EE 2ERS] w3vEds SA4SkaL 100 °C, 150 °C
2 200°C ©] 3 7FA] =904 30min 7+ 35AA st
o] F3NEL ASAEATE 2 20 2EHO] FUHE
Q7N W 2wy i wlE FIubge] HIlE 9F &

Y A9 $ES AAYS o douie A
E-& (pseudoelastic strain, g,,), <=5 EXS o HU5
= J=2l B398 (shape recovery strain, g,.) 2 9
AP FEdES F9 AAEYE (total recovery
strain, &,) < Tha 2152 S8l ALk

gp.&‘e = gdej—z——k- (2)

t
Erec = gdef— gp.&‘e_ _z—ie-h (3)



Fig. 1. (a) Laboratory-made bending test equipment for three different bending radii of 4.7, 7.2 and 14.7 mm, (b) bending test and (c) 0.7 X

3 % 100 mm?® shape memory alloy strip sample for bending test.

Fig. 2. Appearance of shape memory alloy bending strips in as-bent
and recovered at different heating temperatures.

8[0! = gpse + grec (3)
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Fig. 3. Color-etched optical microscopic images of Fe-Mn-Si based shape memory alloys (x500). (a) batch 1, (b) batch 2, (c) batch 3, (d)

batch 4 and (e) batch 5.
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