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Development of high-performance magnetostrictive alloys by gallium diffusion
into grain-oriented electrical steel sheets.

Kawamata, Toru
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In this study, Fe-Si-Ga alloys with gallium diffused into commercially
available high grade grain-oriented (GO) electrical steel sheets were prepared with the aim of
developing inexpensive and high-performance magnetostrictive materials as an alternative to FeGa
single-crystal alloys. Gallium was uniformly diffused into the GO electrical steel sheets by
electrodeposition plating and annealing. It was found that the addition of Ga to the directional
electromagnetic steel sheet causes a decrease in Young"s modulus and an increase in magnetostriction

with respect to the <100> orientation, which are characteristic of FeGa single-crystal alloys. It
is also revealed that the magnetostriction and reverse magnetostriction capability are improved by
adding small amounts of additional elements. These results suggest that the Fe-Si-Ga alloy with
gallium diffused into the GO electrical steel sheets is a promising low-cost alternative to Fe-Ga
single-crystal alloys.



(Imm )FeGa
100
FeGa
, \Y
(1) V=-NABIA)S
N : ABIAt -
(2) B=dT+uTH
T: uT : H:
FeGa
<100>
, FeGa
) FeGa
<100> )
FeGa
(1) Ga
(Fe-3 Si)
(Fe82Gal8
Ga
Fe-Si Ga
Ga
2
Fe-Ga
RF
(1) Ga
HCI 1 mil /l
( 16*6*0.3 mm)

{100}/<100> ({100}

(GOSS

(

B d ()

Fe-18%GaA & AL B
(bee-structure)  youngHE 315GPa

O % 4[111]

300ppm)

[100]

HALE S
Young# 65GPa

FeSi Fig. 1 FeGa
FeGa
(SEM)- X (EDX)
, X (EXAFS)
X . Ga
(VSM)
2).
Gd( ) ,
(1) :
, Ga 3.7 mol/l
800 mA/cm2
Fe Ga Fes>Gaais . Ga



(Ar- 3 Vol%H2 )

800 °C 96 h Ga
(Fig. 2) SEM ,
, Fe-Si
(Fig. 3) SEM-EDX ,
Ga
X .
’ Fig. 2
, Ga GOSS e ® @
) <100>
Ga Fe-Si Ga-metal
Ga ,
FeGa
<100>
Ga
,Ga K EXAFS
. Ga
EXAFS , Fe bcc
Ga
Ga
Fe-Si-Ga
Fig. 3 Ga
U @
(b)
Ga 0-25at% Ga
1 Ga ’
FeGa , Gals8 at%
(Fig. 4)
180
160 | —*Galdbatkn
~+-Ga 12.6 at%
il | . 140 |
— 30 b ——Gadoped Fe-Si ——Ga8.5at%
".‘E _120 | ——Ga 0 at% (Fe-Si)
s >
= £ 100
= o
S & 80
x -_—
= g 60
.f: 40
20 ¢
0
200 220 240 260 280 300
Frequency [Hz]
Fig. 3 FeGa bcc Ga K
EXAFS Ga Fig. 4 Ga
EXAFS
Ga
(2
Fe-Ga ,Ga
( ) - Ga
, 800 96
0.5 at% Ga

15



Ga

Ga
Ga

Ga
Ga
Ga
Fe-Ga(-Si)
<100>
250
200
—e—before Gd
150 200 | adding
E- ——before Gd adding —o—after Gd
% 100 ) = adding
Kl ——after Gd adding 150
g E
s 50 ®
8 g
g S 100
2 ° S
2
-50
50
-100 s L s
-5000 -2500 0 2500 5000
Magnetic Field [Oe] 0 L L L L
200 220 240 260 280 300
Frequency [Hz]
Fig. 5 Ga Fig. 6



2 2 0 0

Shigeru SUZUKI, Kazuhiro MIZUSAWA, Toru KAWAMATA, Rie Yamauchi, UMETSU, Tsuyoshi KUMAGAI, 62

Tsuguo FUKUDA, Shigeo SATO

Characteristic Twin Formation in Body-centered Cubic FeGa Alloy Single Crystals with Different 2022

Orientations

IS1J International 957-962
DOl

10.2355/isijinternational . ISIJINT-2021-345

Masaki Chiba, Takenori Tanno, Maho Abe, Shuichiro Hashi, Kazushi Ishiyama, Toru Kawamata, Rie 63

Y. Umestu, Kazumasa Sugiyama, Shigeo Sato, Yosuke Mochizuki, Koji Yatsushiro, Tsuyoshi Kumagai,

Tsuguo Fukuda, Shun-Ichiro Tanaka, Shigeru Suzuki

Magnetic Properties and Substructure of Iron-Gallium Alloy Single Crystals Processed from Ingot 2022

to Wafers

MATERIALS TRANSACTIONS 502-507

DOI
10.2320/matertrans.MT-M2021217

2 0 0
Ga
2022 171
2022
Ga
20

2021







