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The magic of magnetic shape memory...

* [Intro & Macrotwins

* Movie with examples

* Microtwins

* Nanotwins

* Summary

The magic of magnetic shape memory alloys and crystal structure perspective



Czech Academy [ﬁ st ofphysis DEPARTMENT OF
of Sciences FZU GRS MAGNETIC MEASUREMENTS AND MATERIALS

Ni-MnGa (NisoMn2sGazs) with the Heusler L2, structure as the prototype MSM alloy

¢

® Ni OMh @ Ni @ Ga

(alternatives: Fe-Pt, Fe-Pd, Nd, La,-xSrCuOys )

Webster, P. J. (1969). Heusler alloys. Contemporary Physics, 10(6), 559-577.
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Ni-MnGa (NisoMn2sGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy

Martensite variant 1 Martensite variant 2 < =0~"=0~"-0~ - Twin boundary, (101) plane
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Musiienko, Denys, et al. J. Materials Research and Technology 14 (2021): 1934-1944.
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Motivation Mag. field

] clclclc]lc
a a a }
a [ & 1.2 c cZfc Ja Ja fJa Ja a
a a a ) E ¢ ¢ c
ac ac a_c ac ac ac ac ac a.c aC ac a% a ca. . a ¢ ¢ c - [ C a a a a a c c c ¢ c c
a
C C 9 ¢

- WMECH= O1w* €0
. K AWMAG — KU
as |c © @

o A\R/MAG > WMECH

OoTw < KU/ &0

19/31

The magic of magnetic shape memory alloys and crystal structure perspective



Czech Academy Institute of Physics DEPARTMENT OF

of Sciences of thelGzech

peademyofsciences MAGNETIC MEASUREMENTS AND MATERIALS

Motivation Mag. field
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Motivation Mag. field
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Motivation Mag. field
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Motivation Mag. field
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Ni:MnGa (NisoMnzsGazs) with the Heusler L2, structure as the prototype MSM alloy
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Rames, M., et al., Scripta Materialia 142 (2018): 61-65.
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Summary |

Prototype magnetic shape material = single crystal of Ni-Mn-Ga

Deformation up to 12% in mag. field observable macroscopically (naked eye)

Key enabler of the effect = supermobility of twin boundaries (1 MPa)

* Key principle = switching between martensite variants (reorientation)
of tetragonal lattice

- mechanically

- by magnetic field (3 MPa)

No phase transformation directly involved

31/31 The magic of magnetic shape memory alloys and crystal structure perspective
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The magic of magnetic shape memory...

* Movie with examples

* Microtwins

* Nanotwins

* Summary
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The magic of magnetic shape memory...

*  Microtwins
* Nanotwins
sy
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Twin microstructure

Tetragonal lattice :
Enough to describe phenomenology

a=b=0.60 nm
c =0.56 nm
Y = 90°

c/a=0.94

QO
So
Ooooo

/
o

o
oo
ﬁOOo
0ce F
Ooooo
OOO
o

In reality slightly monoclinic:
Needed to describe mechanisms & microstructure

a = 0.5969 nm
b = 0.5953 nm
¢ = 0.5615 nm
y = 90.3°
Modulation
direction
a
R
shuffling b
direction

=> Other complex twinning in addition to a/c twins.

Straka, Ladislav, et al., Acta Materialia 59.20 (2011): 7450-7463.

The magic of magnetic shape memory alloys and crystal structure perspective
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Twin microstructure - 12 variants, 8 twinning systems, 5 different twin types

Variants 2, n (F'b)/ | F1b | Twinning type
1:2 10000 T, [0:1:0] [1:0;0] Modulation —
T, [1:0:0] [0:1;0] Modulation
a = 0.5969 nm 13 10000 T 1/v[1:-1;0] 1/v2[1:1:0] comond  landscape around a/c twins —
b =0.5953 nm I, 1/vaL10] 1val-1:0] compound  VArIOUS interactions with a/c twins
¢ = 0.5615 nm 1:4 10000 T; [-0.9509;0.3094;0] (0.3094;0.9509;0] Non-conventional®
Y = 90.3° T, [0.3094;0.9509;0] [0.9509:-0.3094; 0] Non-conventional®
1:5 10000 T; 1/4/2[0;1;-1] [0.0682;0.7055;0.7055]  Typel =
T, [0.0779;0.7050;0.7050]  1//2[0;-1;1] Type I’
Modulation 1:6 10000 T, [0.0779;0.7050;-0.7050] 1/+/3[0;1;1] Type II®
direction
T, 1/v/2[0;1;1] [-0.0682;-0.7055;0.7055] Typel
1:7 1.0094

a/c twins — propagating interface,

Be oo resulting in large shape changes
- L9 09907 (magnetic shape memory)
1:10 0.9907
1:11 10000 T; 1/4/2[1;0;-1] [0.7057;0.0637;0.7057] Type |
SPUfﬂ!ng b T, [0.7053;0.0721;0.7053]  1//2[-1;0;1] Type II¢
direction
1:12 1.0000 T; [0.7053;0.0721;-0.7053] 1/4/2[1;0;1] Type II¢

T, 1/4/2[1;0:1] [-0.7057;-0.0637;0.7057]  Typel

Straka, Ladislav, et al., Acta Materialia 59.20 (2011): 7450-7463.

The magic of magnetic shape memory alloys and crystal structure perspective
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Twin microstructure - 12 variants, 8 twinning systems, 5 different twin types

Type | twin - reflection Type Il twin — 180° rotation

a = 0.5969 nm ar a

p
b = 0.5953 nm & e fo et
¢ = 0.5615 nm b

y = 90.3°

1:5 1.0000 T; 1/4/2[0;1;-1] [0.0682;0.7055;0.7055] Type |
T, [0.0779;0.7050;0.7050]  1//2[0;-1;1] Type I’
Modulation 1:6 10000 T; [0.0779;0.7050;-0.7050] 1/4/2[0;1;1] Type IIb
direction
T, 1/4/2[0;1;1] [-0.0682;-0.7055;0.7055]  Type I
1:7 1.0094 - - -
a/c twins — propagating interface,
Be oo resulting in large shape changes
a L9 09907 (magnetic shape memory)
1:10 0.9907
n 1:11 10000 T; 1/4/2[1;0;-1] [0.7057;0.0637;0.7057] Type |
shuffling b T, [0.7053;0.0721;0.7053]  1/v/2[-1;0;1] Type II°
direction
1:12 1.0000 T; [0.7053;0.0721;-0.7053] 1/+/2[1;0;1] Type II¢
T, 1/4/2[1;0;1] [-0.7057;-0.0637;0.7057]  Type

Straka, Ladislav, et al., Acta Materialia 59.20 (2011): 7450-7463.
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Twin microstructure - 12 variants, 8 twinning systems, 5 different twin types

Type | twin - reflection Type Il twin — 180° rotation

b

: |
g 18 :
S 16| |
Y 14 1| Type ltwin boundary
@ 1.
£12
w
© 1
‘% 0.8
S 0.6 X d
g o Typelltwm oun
2 o4 |l dvetunii /@‘y
3 s ‘” - TR s _
0 . . |
0 Normalized strain &/euax »

Straka, Ladislav, et al., Acta Materialia 59.20 (2011): 7450-7463.
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Twin microstructure - 12 variants, 8 twinning systems, 5 different twin types

Type | twin - reflection Type Il twin — 180° rotation
a -
+ <+
v\a C b C C*
b
® FZUtypel
™ A A CU typel
B~ 4 A CUtypell Tvoe I
% 1@ BSUtypel 2
w @ BSU type Il
O 37 B GF mixed type
!
|95]
227
g ) Type II
s 11 A g
~
0 ' ' | ' | ' | ' | ' | ' |
0 50 100 150 200 250 300
Temperature (K)

Musiienko, Denys, et al. J. Materials Research and Technology 14 (2021): 1934-1944.
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Twin microstructure - 12 variants, 8 twinning systems, 5 different twin types

Variants 2, n (F'b)/ | F1b | Twinning type
1:2 10000 T, [0:1:0] [1:0;0] Modulation —
T, [1:0:0] [0:1;0] Modulation
a = 0.5969 nm 13 10000 T 1/v[1:-1;0] 1/v2[1:1:0] comond  landscape around a/c twins —
b =0.5953 nm I, 1/vaL10] 1val-1:0] compound  VArIOUS interactions with a/c twins
¢ = 0.5615 nm 1:4 10000 T; [-0.9509;0.3094;0] (0.3094;0.9509;0] Non-conventional®
Y = 90.3° T, [0.3094;0.9509;0] [0.9509:-0.3094; 0] Non-conventional®
1:5 10000 T; 1/4/2[0;1;-1] [0.0682;0.7055;0.7055]  Typel =
T, [0.0779;0.7050;0.7050]  1//2[0;-1;1] Type I’
Modulation 1:6 10000 T, [0.0779;0.7050;-0.7050] 1/+/3[0;1;1] Type II®
direction
T, 1/v/2[0;1;1] [-0.0682;-0.7055;0.7055] Typel
1:7 1.0094

a/c twins — propagating interface,

Be oo resulting in large shape changes
- L9 09907 (magnetic shape memory)
1:10 0.9907
1:11 10000 T; 1/4/2[1;0;-1] [0.7057;0.0637;0.7057] Type |
SPUfﬂ!ng b T, [0.7053;0.0721;0.7053]  1//2[-1;0;1] Type II¢
direction
1:12 1.0000 T; [0.7053;0.0721;-0.7053] 1/4/2[1;0;1] Type II¢

T, 1/4/2[1;0:1] [-0.7057;-0.0637;0.7057]  Typel

The magic of magnetic shape memory alloys and crystal structure perspective
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Twin microstructure - 12 variants, 8 twinning systems, 5 different twin types
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(a) Modulation twins

(b) Compound twins

(c) Non-conventional twins

Straka, Ladislav, et al., Acta Materialia 59.20 (2011): 7450-7463.
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Martensite with deep twinning hierarchy

cm mm 100 pm 10pm 1pm 100 nm 10 nm 1 nm
4 i | — SCALE — | | —

2/ Mod. E Mod.AY]
a1 B2

al/c twins Monoclinic (modulation) twins a/b twins ?4@ l a/b nanotwins +
(101) Type I, Type (200) compound (110) compound structural twins
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Martensite with deep twinning hierarchy

Type Il twin boundary Type | twin boundary

(@) (b)

1 large misfit

energy

_ \\
—————————— - --- small misfit ——\\:ly/——-“:: 2
S — -

e

X, XotAx X, XoTAx X

Seiner, Hanus, Ladislav Straka, and Oleg Heczko, J. Mechanics and Physics of Solids 64 (2014): 198-211.
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Microstructural model of Type I/Type Il twin boundary propagation

Type |

Type Il

twin boundary Type | twin boundary

energy

(@)

(b)

t large misfit

. M\\g/7 7/
————— ----small misfit --~3527 - = +-~2

\_I:/

X, XotAx X, XoTAx X

> Type |

Seiner, Hanus, Ladislav Straka, and Oleg Heczko, J. Mechanics and Physics of Solids 64 (2014): 198-211.
Heczko, Oleg, Ladislav KlimSa, and Jaromir Kopecek, Scripta Materialia 131 (2017): 76-79.
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Summary Il

Martensite with 5 different twin types & deep hierarchy

a/c twins carry the deformation (Type | & Type Il)

Propagating a/c twin boundaries interact with other surrounding twins

Microstructural model suggests a/b twins as the most important

The magic of magnetic shape memory alloys and crystal structure perspective
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The magic of magnetic shape memory...

* Nanotwins
sy
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Structure as a 32 stacking sequence

Nl

NI

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.

The magic of magnetic shape memory alloys and crystal structure perspective



Czech Academy y msttri\?tcezeocfhphysm DEPARTMENT OF
Q Sl FZU peademyofscences . MAGNETIC MEAGUREMENTS AND MATERIALS

Structure as a 32 stacking sequence

Nl

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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Structure as a 32 stacking sequence

10’ ———— _
—¥ Experiment _
2 - Fit - harmonic i
’;,:‘ 10 A Fit - zig-zag & : B
S ® ()
b . ,""ﬂ": kL3 3
B2
N
S 0 : 1
g 10 L
10” S © © © © o o o
LN R S N RN SRR R
OF W oM 407 (HT Y (b 0

Diffraction indices h k |

L Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Heczko, Oleg, et al.Acta Materialia 115 (2016): 250-258. Straka, L., etal., Scientific Reports 8.1 (2018): 11943.
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Structure as a 32 stacking sequence

Nl

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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Structure as a 32 stacking sequence

Nl

a/b TWIN BOUNDARY

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b twins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

a/b twin bo

a/b TWIN BOUNDARY

N W

Wi

N

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b twins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

COOLING (a)

i 400 ]
- 040

a/b twin bo

a/b TWIN BOUNDARY
Intensity (a.u.)

61.5 62 625 63

20 (deg)

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.

The magic of magnetic shape memory alloys and crystal structure perspective



Czech Academy [ﬁ st ofphysis DEPARTMENT OF
Q of Sciences FZU GRS MAGNETIC MEASUREMENTS AND MATERIALS

a/b twins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

COOLING (a) HEATING (b)
040
i ‘ | i 400 |
— 40_:0 1 - 313K . -
& 3 [ S5 [308K
5 _ 8 [ 400 K S 303K A\~
2 a/b twin bo > | f | > [298K J\L
2 = ; 293K | = [293K
d c A
= 5 | 283K | S |20k L
g =t @ 273K | = | 400 -
263 K
- 253 K - - 223 K_/\’\ ]

61.5 62 625 63 615 '62 62.5' 63

26 (deg) 26 (deg)

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b twins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

(b)

wAK" (1-@)aK'
— AK!" ey

a/b twin bo

a/b TWIN BOUNDARY

(000)

Yu U. Wang, Phys. Rev. B 74 (2006), 104109
Yu U. Wang,Phys. Rev. B, 76 (2007), Article 024108
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a/b twins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

Coarse twins. Intermediate size Nanotwins
or mixture
(HOO) | RECIPROCAL
N LATTICE
. |
5 AK
5 a/b twin bo |
@ Y
z o DIFFRACTION
= PATTERN
e

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b nanotwins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

COOLING (a) HEATING (b) Coarse twins. Intermediate size Nanotwins
or mixture

4
o (HOO) RECIPROCAL

‘ 400 :
- 1 M N ) LATTICE
040 _JL |
- . 308 K |
S = N
293 K 293 K |
S\ \
283 K 283 K ; © DIFFRACTION
| 400 | PATTERN

263 K
253 K - 023 K J\’\ 1

61.5 62 62.5 63 615 '62 62.5! 63
20 (deg) 20 (deg)

Intensity (a.u.)

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b nanotwins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

Coarse twins. Intermediate size Nanotwins
or mixture

(HO0) RECIPROCAL
© Fit-Peak 1+Peak 2+Peak 3 x © SHIRES
Measured - |
4 ] .
293K 040 Paak { s _ AK
COOLING Poak 2 - - |
Peak 3 -- - Y 3 |

| o DIFFRACTION
PATTERN

L Bl

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.

63 63.5
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a/b nanotwins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

Coarse twins. Intermediate size Nanotwins
or mixture

(HOO) | RECIPROCAL
_ 16 [ (a) Fit=Peak 1+Peak 2+Peak 3 — s © LATTICE
2 14 | og3K Measured - |
> 040 Peak 1 - -
g 12 | COOLING EeaEZ i AK 3
o 10 + eak3 - i ! ;

\/
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> 6|
g 4
E 2

61. 63 63.5

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b nanotwins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

Coarse twins. Intermediate size Nanotwins
or mixture
(HOO) | RECIPROCAL
_.30 | (e) Fit=Peak 1+Peak 2+Peak 3 2 © HATTICE:
g o5 | 273 K 400’ Measured - |
: . Peak 1 - - - | =
o220  F1  Peak3 - | |
o
S 45 | © DIFFRACTION
= PATTERN
% 10
G
61.5 62 62.5 63 63.5
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a/b nanotwins as a 32 stacking sequence inversion

a/b twin boundary = stacking sequence inversion ...323232|232323...

Nanotwins - adaptive diffraction condition: Coarse twins. Intermediate size Nanotwins
(HOO) or mixture
‘ RECIPROCAL
A O LATTICEE
m < 2/sH 3
AK
where s =0.0045 is twinning shear and H = 4 YO IFERA fTI .
is reciprocal space coordinate AR

L L)

m < 20 nm (100 atomic planes)

Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b nanotwins as a 32 stacking sequence inversion
(a) 298 K

Nanotwins - adaptive diffraction condition:

m < 2/sH

where s =0.0045 is twinning shear and H=4
Is reciprocal space coordinate

=>

size of a/b twin

m < 20 nm (100 atomic planes) e oIl IR reras TEscAN
Det: BSE 500 nm
Straka, L., et al., Acta Materialia 132 (2017): 335-344. SEM MAG: 70.0 kx |Date(m/diy): 03/30/17 Institute of Physics ASCR

Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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a/b nanotwins as a 32 stacking sequence inversion
et

Nanotwins - adaptive diffraction condition:

m < 2/sH

where s =0.0045 is twinning shear and H=4
Is reciprocal space coordinate

=>

size of a/b twin

m < 20 nm (100 atomic planes)

SEM HV: 30.0 kv FERA2 TESCAN
Straka, L., et al., Acta Materialia 132 (2017): 335-344.

Straka. L. et al.. Scientific Reports 8.1 (2018)' 11943 SEM MAG: 70.0 kx |Date(m/dly): 03/30/17 Institute of Physics ASCR
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a/b nanotwins as a 32 stacking sequence inversion
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I N'50M“25+xGaZS—x Austenite 1
T i
300 | _¢ o —— . ‘
< - :OM martensite V(TIMT_
o 2T, ’
2, M
® 200 | N’ |
3 _ ha4
=
(b}
" 400 |
i 14M/NM
martensite
0 | | ] ] | V\ I . |

26272829 3 3.1323334353.63.73.83.9

X (atomic %
( ) Straka, L., et al., Acta Materialia 132 (2017): 335-344.
Straka, L., et al., Scientific Reports 8.1 (2018): 11943.
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Modulation

NI

QZ (1/nm)

| Q, (1/nm)

Heczko, Oleg, et al.Acta Materialia 115 (2016): 250-258.

The magic of magnetic shape memory alloys and crystal structure perspective L. STRAKA



Czech Academy Y, e CHTTEE DEPARTMENT OF
RiEs S . FZU peademyofsciences  MAGNETIC MEASUREMENTS AND MATERIALS

Modulation

QZ (1/nm)

1ol 1 ! e

-60  -30 0 30 60
Q, (1/nm)

Heczko, Oleg, et al.Acta Materialia 115 (2016): 250-258.
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Modulation - study by high-resolution g-scan

QZ (1/nm)

| Q, (1/nm)

Heczko, Oleg, et al.Acta Materialia 115 (2016): 250-258.
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Modulation - study by high-resolution g-scan

@[ * ; | | | '
(2200 | | |
s e
5 | | | | (400)
QL | \ |
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B Lo, g
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Straka L. et al., submitted, http://dx.doi.org/10.2139/ssrn.4771525 Heczko, Oleg, et al.Acta Materialia 115 (2016): 250-258.
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Modulation - study by high-resolution g-scan e ,, commensurate
© o
N\ \
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Straka L. et al., submitted, http://dx.doi.org/10.2139/ssrn.4771525
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Modulation - study by high-resolution g-scan Qe commensurate
.\ .\
©)) 5 ' ' ' ' ' O ®
(220) o . (a00) / / /
i S S22 ; " \ » \ ®
o o
/ \,/ \./

Log. intensity (a.u.)

N M\wﬂwf W/\fm.‘/\mw \’\ﬂ -/ N /’ /.\\ //./

q=(q,9,0)
q'=2/q

Straka L. et al., submitted, http://dx.doi.org/10.2139/ssrn.4771525
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Straka L. et al., submitted, http://dx.doi.org/10.2139/ssrn.4771525

The magic of magnetic shape memory alloys and crystal structure perspective



o

Czech Academy
of Sciences

FZU

Commensurate (q=0.400)

Institute of Physics
of the Czech
Academy of Sciences

DEPARTMENT OF
MAGNETIC MEASUREMENTS AND MATERIALS

Incommensurate (q=0.428)

Harmonic
modulation
(sine)

NS\

Log. intensity (a.u.)

(220)

(©)

S1 S

h, k-4
Anharmonic T (('1)
modulation (220) (400)
(sawtooth) N x satellite

11

Log. intensity (a.u.)

2 3
h, k-4

N=1(q)

2 3 4
h, k-4

Straka L. et al., submitted, http://dx.doi.org/10.2139/ssrn.4771525
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Modulation - study by high-resolution g-scan
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Aperiodicity - study by high-resolution g-scan O, commensurate
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Straka L. et al., submitted, http://dx.doi.org/10.2139/ssrn.4771525
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Aperiodicity - study by high-resolution g-scan O, commensurate
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The magic of magnetic shape memory alloys and crystal structure perspective



Czech Academy isttute of hysic DEPARTMENT OF
of Sciences . FZU Aeademy i MAGNETIC MEASUREMENTS AND MATERIALS

Aperiodicity - study by high-resolution g-scan
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Aperiodicity - study by high-resolution g-scan
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Aperiodicity - study by high-resolution g-scan
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Aperiodicity results in a/b nanotwinning (!!!)
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Aperiodicity results in a/b nanotwinning (!!!)
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Aperiodicity results in a/b nanotwinning (!!!)
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(@) g=0.400, g’ = 5.00 (10M commensurate)
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Distinct identified nanotwins/structures

10M commens.
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** also marked as 5M when neglecting ordering.

Straka L. et al., in preparation
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Distinct identified nanotwins/structures as low energy/low temperature states

Hypothesis yet to be tested: g converges to one of the nanotwinned states
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Summary IV

Aperiodic crystal
Anharmonic modulation

Wave modulation perspective vs nanotwinning perspective:
* not exclusive concepts but complementary/intertwinned concepts in Ni-Mn-Ga
* nanotwinning is a result of crystal aperiodicity
* Low temperature states are nanotwinned

* Nanotwinning ON/OFF (atr.t.)

The magic of magnetic shape memory alloys and crystal structure perspective
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Summary

Magnetic shape memory (Ni-Mn-Ga)
- very interesting at all scales
- magnetism important but (micro)structure critical for MSM functionality

- a great platform for

- magnetoelastic and magnetomechanical effects (up to 12% deformation in mag. field)
- martensite crystallography (deeply hierarchical martensite)

- nanotwinning and aperiodic crystal concepts (nanotwins on/of, aperiodicity on/offf)

- major future tasks: alternatives & applications

The magic of magnetic shape memory alloys and crystal structure perspective
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