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Motivation: Ni-Mn-Ga-In as one of the magnetocaloric materials
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Motivation: Ni-Mn-Ga-In as one of the magnetocaloric materials
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Phase diagram
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Strength of magnetic field

1072 T Human brain magnetic field

10> /T Earth's magnetic field

102 T Strength of a typical refrigerator magnet

10T Strength of a modern neodymium—iron—boron rare earth magnet
10t T 16 T Strength used to levitate a frog

40 T Strength needed to levitate a person
32T/A5 T  Strongest continuous mag. field yet produced in a

lab.
56 T This talk (pulsed field)
102 T 100 T Strongest pulsed non-destructive magnetic field ?
J Apopl. Phvs.. Vol. 87. No. 9. 1 Mav 2000 & wikipedia.ora 194
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High Magnetic Field Laboratory / HZDR (up to ~100 T) ,

~3m

Capacitor modules ~21

La_.2 —
HE 1 -

https://
www.hzdr.de/

B T

The centerpiece of all experiment:
Dresden High Magnetic Field Labc
The magnetic goil specially develo
HZDR with the sophisticated "rese
l2b" measuring just 20 millimeters
its core - only achievable thanks t
strong collaboration between phy:
engineers, and technicians. _|

Sample in colil center
~1 mm, ~2-300 K




Czech Academy y instate of Pysics DEPARTMENT OF
e°fsc'e"ces FZU ::5o.. MAGNETIC MEASUREMENTS AND MATERIALS

High Magnetic Field Laboratory / HZDR (up to ~100 T) ,

https://

Field up t0 95.6 T (~1 ms) www.hzdr.de/
Coil ~20 mOhm, core 20 mm '»

N 956 T HLD. - -— m_ - = ¢
1 ‘“ A

The centerpiece of all experiment:
Dresden High Magnetic Field Labc
The magnetic goil specially develo
HZDR with the sophisticated "rese
l2b" measuring just 20 millimeters
its core - only achievable thanks t
strong collaboration between phy:
engineers, and technicians. _|

Sample in colil center
~1 mm, ~2-300 K
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Fig. 4: Zeitlicher Verlauf des Magnetfelds in einer HLD-Spule, die Felder
jenseits von 95 T erzeugen kann. // Magnetic field as a function of time,
observed in an HLD coil that can generate fields bevond 95 T. (€ HLD)
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High Magnetic Field Laboratory / HZDR (up to ~100 T) P
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Usual pulse 56 T (~10 ms) www.hzdr.de/

; Coil ~20 mOhm, core 20 mm |

70 T T T T
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High Magnetic Field Laboratory / HZDR (up to ~100 T)

70 I I I 6T (2 k\;) testing pullse(~5 minln} ! TESting ~6 T (2 kV):
21kV (56 T) measurement pulse (~90 min coil cooling)
2l 1° Uprise: ~10 ms i.e. ~600 T/s
s | I Downrise: ~30 ms
No waiting time
- 40 |- 4 -
- - Scientific 56 T (21 kV)
al 2 Uprise: ~10 ms i.e. ~6000 T/s
10 | 11 Downrise: ~30 ms
90 min. waiting time
° 0 IIO 2|0 3|0 4;0 5(_J____ 60 ?00

Time (ms)
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High Magnetic Field Laboratory / HZDR (up to ~100 T)

70 ' ' ' 6T (2 kV) testing pulse (=5 min) ! Energy efﬁCient:
21kV (56 T) measurement pulse (~90 min coil cooling)
60 46 e
20 kV/I20 mOhm ~ million Amps
50 ]
Power ~ 2 GW
s Or 14 & Energy “only” ~2 MJ
& 30 | 3 =
2GW/1ms
20 2
10 - 1. 2MW /[1s
° 0 1I0 2|0 3Io 4Io 5(_3____ 60 ?00 2 kv I 1 kS
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~15 mins




Czech Academy
of Sciences

FZU

Institute of Physics
of the Czech
Academy of Sciences

DEPARTMENT OF
MAGNETIC MEASUREMENTS AND MATERIALS

TWISTR.cz

High Magnetic Field Laboratory / HZDR (up to ~100 T)
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Phase diagram
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Phase diagram
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Measurement NiMnGai«Iny, x=0.1 —— . . .
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Measurement Ni-MnGa.Iny, x=0.05
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Measurement Ni-MnGa.Inx, x=0.05  —— —— —
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Measurement Ni-MnGa.Inx, x=0.05
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Measurement Ni-MnGaiIny, x=0.02
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180 |- 7 e— ]
o/ /[ slight tilt on return,
- o | suggests partial
S 1ol | martensite
o 300 B % 100 ] 'II
A £ |
7 250 g o |
& | 3 Q- £ ol | r
= 2007F a0 ||
2 - austenit
E 150 + e . NiMnGaIn2_1|53p3l< —
e 0 0.5 1 15 2
100 I ferromagnetic = fer, Field (T)
martensite pre-man .
50 ) 158 K
Ni;MnGawn. . | . . . PULSE (56 T)
0 2 4 6 8 i® Ms’

(e/a constant)

x=0.1, 0.05, 0.02, 0

xxrr (%) Ms partial transf.? ?
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Measurement NiMnGai«Inx, x=0.02 200 J— |
180 |- S
s/ martensit
~ 140 —I,' e
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300 r % 10l |
S S [
o 250q- 2 |/ austenit
=N g FE 60 ft |
= | e
= 2007F 40 |- |
§ 20 LII'
g 150 F * . . NiMnGaln2_156p3K ——
e o 0.5 1 1.5 2
100 I ferromagnetic = fer, Field (T)
martensite pre-man .
50 156 K
NiMnGaun, . . . . ~__ PULSE (56 T)
0 2 4 6 8 i® Ms’

(e/a constant)

x=0.1, 0.05, 0.02, 0

xxrr (%) Ms Transition! ?
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Measurement Ni:MnGau.Inx, x=0.02 S — ' :
_ 10 l;',-' austenit :
s | e
300 | E _
) ) |'|' OK, just “small” i
o 2500 g f field
- N Q-
& 200% K F .
@ JII austentit
= 150 | e | .
ﬁ 0 0.5 1 1.5 2
100 [ ferromagnetic # fer. Field (T)
ol martensite pre-man . 154 K
. TEST(6T)
N|2MnGa1-x|nx 0 1 1 1 1 1

(e/a constant) 0 Z 4 6 o 8(/ i® M Ms’ no transition,
x=0.1, 0.05, 0.02, 0 XxrF (%) S OK ?
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Measurement NiMnGai«In., x=0.02 200 —
180 = i
160 | ."j’ff/ : _
/7 martensit
-~ 4o/ | e -
S wop | _
o 300 B % 100 & .'II 4
v o | |
o c B0 | . i
o 2500 2 M raustenlt
o N Q- = 60 |
3 | e
= 2007 F
g 150 . | NiMnGaln2_154K ——
e 0 0.5 1 1.5 2
100 I ferromagnetic = fer, Field (T)
i re-mau .
- martensite P 1 154 K
NiZMnGal-xlnx 0 | 1 1 1 _ 1
(e/a constant) 0 “ 4 6 8( i® Ms'’ Transition!

x=0.1, 0.05, 0.02, 0 XRE M} Ms ?
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Measurement NiMnGauxIny, x=0.02 200 —
180 = i
160 .*";’”"’2/ : _
/7 martensit
-~ 4o/ | e .
g [ ]
T worf | |
o 300 B % 100 & .'II 4
e g | |
— c B0 | g =]
o 2500 2 M raustenlt
o N Q- = 60 | e
= 200%F F |
g 150 .  NiMnGain2_154K ——
e 0 0.5 1 1.5 2
100 I ferromagnetic = fer, Field (T)
i re-man .
o b martensite p 1 154 K
NizMnGauxInx g ' ' ' ' = Transition!
(e/a constant) . < . e A . Ms but transition “window”

x=0.1, 0.05, 0.02, 0 xxrF (%) Ms only 2-6 K ?
11/
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Measurement NizMnGau..Inx, x=0.00 jzz — —
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~ 140
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Measurement NizMnGau.«Inx, x=0.00 ol lrﬁ S _
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2 200 f
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Measurement Ni.MnGa.In., x=0.00 wf[
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3 | .
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= 150 | e, | |
@ 0 e ; - .
B i
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50 | martensite pre-mar. 210 K
' TEST(6T)
N|2MnGa1-x|nx 0 1 1 1 1 e
(e/a constant) 0 2 4 6 8 T® Ms 14 martensite

T L :
x=0.1, 0.05, 0.02, 0 XXRI M) Ms ?




9 Czech Academy @ FZU instute ofPysics DEPARTMENT OF
B EE A e MAGNETIC MEASUREMENTS AND MATERIALS

Summary on transition under 56 T

212 K not found 165 K not found

210 K martensite 160 K, 158 K partial
| 156 K, 154 K found

?7?? K martensite

|
| 111 K not found
AN AT 103 K found
102 K martensite

300
250¢
200

150
4 K not found

fer:.

pre-mar,.

Temperature (K)

|

100 [ ferromagnetic 1':
martensite

|

50

NiZMnGal-xlnx 0 1 1 1 1 1 -
0 2 4 6 8 1% Ms 14

(e/a constant)

x=0.1, 0.05, 0.02, 0 XXRI M) l Ms ?
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Summary on transition under 56 T

212 K not found 165 K not found

210 K martensite 160 K, 158 K partial
| 156 K, 154 K found

?7?? K martensite

|
| 111 K not found
AV A ™ 103 K found
102 K martensite

300

250¢

200

150

Temperature (K)

The missing or very narrow temperature
windows are far from the expectation
of 60T*0.3K/T ~ 20 K windows.

(Some explanation next slide.)

4 K not found

|
100 [ ferromagnetic 1': fer:.
martensite pre-mar.
50 | |
NiZMnGal-xlnx 0 1 1 1 1 ui ——]
(e/a constant) 0 2 4 6 (8(/ ) 'l\l 7 My’ 14
XXRF \ /A S

x=0.1, 0.05, 0.02, 0
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Issues to think about

- eddy currents — rising temperature 70 - ' BT T Yo — 7
(adlabatIC pI'OCGSS) _ hOW mUCh f) 21kV (56 T) measurement pulse (=90 min coil cooling) ——

: - latent heat — also rising temperature (>10°K) 1°
— °“ - transformation kinetics — ol B
2506 Is=5msenough time to transform ?

-: ‘0- a0k 146
- = =
& 2008 : :
§ = 30 -1 3 =
= 150
:HC" 20 - 1 2
100 [ ferromagnetic
martensite 10 - 11
50
0 1 — 0
0 L L L 0 10 20 30 40 50 60 70
\ Time (ms)




End of presentation
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Levitating a frog (not at HZDR) -- in 16 T field

2 Gauss and 2 Amps z
induced inside the frog 1
150 1
_ I predicted
. : ] P Dy, stable zone
coil 1 %ﬂ‘ ] )
| F}
1 E = K
coil 2 E e O
= % | I S —
40mm .
- experimentally found
-
+/-
. ~ stable zone (+/-2mm)
- - A——ii—L . l
— 410 mm = i i z (mm) 0
FIG. 1. Frog levitated in stable zone of a 16 T magnet.

"Levitation of a person would require a new magnet design with a field of about 40 T and
energy consumption of about GW.”

J. Appl. Phys., Vol. 87, No. 9, 1 May 2000 ;
| 4
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