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Fig. 1. XRD patterns of Tbg.27Dyo.73Fe1.95 alloys solidi-
fied under 5 °C/min cooling rate with and without 4.4 T
high magnetic field in the plane parallel to the magnetic
field direction (only (Tb, Dy)Fes phase peak).
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Fig. 2. Magnetostrictive curve of under free pressure
Thbo.27Dyo.73Fe1.05 alloy solidified under 5 °C/min
cooling rate with and without 4.4 T high magnetic
field.
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Fig. 3.
(a) As-cast alloy; (b) specimen solidified under 2 °C/min

Microstructure of Tbg 27Dyo.73Fe1 g5alloy:

cooling rate with 8 T high magnetic field.

038104-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 3 (2016) 038104

4T

Intensity/arb. units

Intensity /arb. units

Intensity/arb. units

Intensity /arb. units

20/(°)

20 30 40 50 60 70 80 90
20/(%)

4 (MR AFRBUESEE T Tho.orDyo.7sFer.o5 &4 LA R H1E R EEE XA XRD 12k (B A0UbRH

T (Tb, Dy)Fey ARAIFTH1%)

(a)4T; (b)6T; (c)8T;(d) 10T

Fig. 4. (color online) XRD patterns of Thg.27Dyo.73Fe1.95 alloys solidified under different cooling rates with
different magnetic flux densities (only (Tb, Dy)Fex phase peak): (a) 4 T; (b) 6 T; (c) 8 T; (d) 10 T.
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Fig. 5. The functional relationship between magnetic
flux density and cooling rate for (Tb, Dy)Fez phase
oriented along (111) and (110) directions.
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Fig. 6. VSM curves of Tbg.27Dyo.73Fe1.95 alloys phase oriented along (111) and (110) directions under different
magnetic flux densities and cooling rates: (al) 4 T, 2 °C/min; (a2) 4.4 T, 5 °C/min; (a3) 6 T, 8 °C/min; (b1) 4 T,

8 °C/min; (b2) 8 T, 4 °C/min; (b3) 10 T, 2 °C/min.
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BB, DA AR A 2 N2 °C/min B, &
% [ (Th, Dy)Feq A& (111) J7 [n] £ A0 HL 7).
R # Tb-Dy-Fe & 4 [ I — Jo AH B wT &1, 1E
Tbo.27Dyo.73Fe1 95 & 42 B &t [ i 72 1 & 6
AR E SRR, ANZED T 10 °C A1
I EE X 8], T 58 435 Tho.orDyo.7aFer.o5 & 4 )
P[] 3 R A B e AN R A A A B DX TR
MAHIER N 2 °C/min i}, (Tb, Dy)Fey M 7EH B
TR 52 B 5E 3 (P AE F I 1) 2 DL v 5 WAk

BT R B AR B A, 1T 24 A EIE K K E 4 °C/min
J&, #EHE % (Th, Dy)Feq AHAE i A] Yk /N Ay J5 ok
f—2F. BT 5RR P 1E R A R, (Tb, Dy)Fes
HAE T i B ) 3t 78 o SR AN 2 i) (111 J7 ) AR HL
], S (Th, Dy)Fey #H & &I 5 i 55 (111) J7 [
19.47° B (112) 7 M L), 2 5 Bl 5 v H) 8 % it
— B8R, (T, Dy)Feo # 52 2 1114 37 9 4 FH i 1)
HORAL /D (Th, Dy)Feq A B BLIA /77 18] i 25
(110) J7 1Al Ff Pt e b, BT, 24 H s 2 4y
B4 6 °C/min F18 °C/min i, (Tbh, Dy)Fey FFFAL
B I 49 75 1) 4 S (113) 1 (110) 77 [+,

4.2 (Tb, Dy)Fes; 1%t (Tb, Dy)Fe, tHEL
[E1T A RS20

EH T Joid e 52 fh & % T S 1P i B0 R/ IE BT
T 1% 2 5% B 11 °F 75 (1) 3X), 24 Thg.27Dyo.73Fer 05
B 4 5t ] ok FE rh it b0 B W R SR FE IS R &6 T
J&i, SEHE X (T, Dy)Fes # Al (Tb, Dy)Feq 7
ARG & e e MR REAE B R v 4 T 9 BG4 AE
FHES 1 2.25 7%, PL& T %A H 2 DL Ik #vHi sh ot
(Tb, Dy)Fes AH #1520 177 48 H 7 b Fli L H m), =]
i (Tb, Dy)Feq MY (111) 75 [n] Jié i HX ) Fr 75 1 B
(B8 /b. 24 Tho.o7Dyo.73Fer.05 &4 LA 2 °C/min [
A HE R B E N, BT 6 T TE (Th, Dy)Fes
FH T Bt 2 mpoxt H = AR G o % 1) S 1k e AR
IRV R 78 53, JE R b Bl sl b Bl 7 ) B0 ],
SEAEZLEIET (Th, Dy)Fey M it £ b 32 51
(Tb, Dy)Fes AH ff 14 B [n] ) 5 Wil 58 KT 9 55 i 25
(111) 77 35.26° [ (110) J5 IEEMRELF. 6 T 35k
YERTR, B AR AR EI KN4 °C/min /5, (Th,
Dy)Fes #H 52 21| 5 1 375 FH 1 I 18] gl 2D g JER R 1) —
Y2, (Tb, Dy)Feq #HJE fid #2 H 52 2] (Tb, Dy)Fes
H A X Ie) £ 52 1) 9 B 2 sk /), PR, 6 T G
NEL4 °C/min ¥ EHE# ZREE R ) Tho 27Dyo.73Feq 95
4410 (Tb, Dy)Feo MHHYEE (110) 77 HBH (111)
J7 1) £/ B B AT ) (113) J7 [ ). IS, BEAE
A HEYP— B KA 6 °C/min F18 °C/min I,
(Tb, Dy)Fes #H 32 2| 51 377 1 F 16 I 8] 8k Bk 2D,
(Tb, Dy)Fey 17 Bt #2752 %] (Tb, Dy)Fes #l &
I [r) ) 5 ) 3B BR /N; SCH T 6 T PR B 1 5
& & LME (Th, Dy)Feq FHAE W 213 % 4 8 °C/min
264 T L 5 B Ak Bl 7 R PR AR B R, DR, B
BRI 3E— 5K, (Th, Dy)Feq A AL )
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(77 171 5 (111) 77 0] B S SRSB4l (112)
AT(111) 5 [l EL ).

Bl & Tbg.o7Dyo.73Feq. 95 A 4 #t [H 1L F2 o i
I B wg R R BE FE ) i — 28 B OK, 5R 3 X
Thbo.27Dyo.73Fe1.95 & & E LS (T, Dy)Fes A
{10 i A2 BT A Bk R BB s, BAAE T8 °C/min
74 H R 2 7 A AR B B H A 2 DAAR T L 3 X
(Tb, Dy)Fes ¥ 7= 4= FBE 5 5% 1) S MERE. (R LAE
8 THI10 TorkEAHIEH T, A EHZ /N T 8 °C/min
i, SR (Th, Dy)Feq AH AL H A 7 171 #5
5 G A T7 17 B R AR &R

55 (311) F1(211) P§ 77 1] AH Bk, (110) 77 1A 5
(111) 77 1) T 52 1) & A1 de K, (T, Dy)Feq AH 7E 1
Iy T (110) J5 [ i 75 TE % (0 f RE s, A Uk
Tbo.27Dyo.73Feq 95 & &AL FEH (Th, Dy)Fey #H
W (110) B 1) Bf BT 75 000 1 JE 82 588 B g /1. SR [21]
s R RN 1 TR EA T Th-Dy-Fe & 4
10 48 [ 3oL #2 vh, BRI 43 3 (Th, Dy)Feo AH U (110)
77 ) I (1) G 4. R DL HE BT AR B G 37 Y T
W, (Tb, Dy)Feq A & AE (110) B [ i BT 75 1) fi Jek
N7 5 JE o VA E R R AR 4k 5 4—10 T 3 g 3% Va
P (111) B Jm) B 7% H0 0 AR A i 35— B SR
FE 4—10 T 51 37 10 Bl P I8 A 1 S 1 i ) 14 2K
Z Fr LA (Th, Dy)Feo #H & 4= (110) B [A) BT 7%
() ¥ K0 2 PR AIG, A2 R N 4 1 JR% R i 52 L ORI
(Tb, Dy)Feq AH I HL A6 52 2] (Tb, Dy)Feg AHHX 7]
FAELE S

5 %

AR AT Tho 27Dyo. 73Fer o5 & 4 FEAN [F] 58 17
T, DAASEIA HE R GEAT T B S8, BT T R
N7 558 B T A H1 I % %] Thy 27 Dyo 73Feq o5 £ 4
T FEH (Tb, Dy)Feq AHEU AT AR, FE 450
wr:

1) F) FH 5844 37 7] L] 4%t (Tb, Dy)Feo FHE
(111) B[R] B Tho.27Dyo.73Fer .05 & 48, H & < 1 #E
B {4 1 R S 2 1

2) f£4—10 Ty [l A, BEAE ¥ &0 2 13,
S2H (Th, Dy)Feo A A AE (111) H ) T 75 (4 i %
o B3 N, TR 2B (110) B I BT 7 0 R RSN 5
/N

3) WA o AR 3G N, & AN A R R
K0, SRR I A S AN R Ak 5 FE AR A

A W 2 R

4) (Tb, Dy)Fey #1747 A% (T, Dy)Fes
FHER AT 5, LR B 25 10 5 e 5 il
JHR 13 [ .
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Abstract

The rare-earth giant magnetostrictive material Tbg.27Dyo.73Fe1 .95 is one of the most important functional magnetic
materials. Their superior properties include high saturation magnetostrictive coefficient at room temperature, high
electromechanical coupling coefficients, high output power, fast response, high energy density, and non-contact drive.
Thus, they can be used to build sensors, precision machinery, magnetomechanical transducers, and adaptive vibration-
control systems. In this material, the magnetic phase (Tb, Dy)Fes has a typical MgCus-type cubic Laves phase structure
and exhibits different magnetostrictive properties along different crystal orientations. The (111) direction of this phase
is the easy magnetization axis, along which the linear magnetostriction is higher than other directions. Thus, researchers
have focused on preparing (Tb, Dy)Fes with a crystallographic orientation along or close to the (111) direction. Generally,
the directional solidification method is used to prepare the Tho.27Dyo.73Fe1.95 alloy. However, a crystal orientated along
the (110) or (112) direction is always obtained and both of these directions require a high external magnetic field for
improved magnetostrictive performance. The (111) preferred growth orientation can be acquired using seed crystal
technology. However, the relatively low growth velocity can cause the appearance of the linear (Tb, Dy)Fes phase which
induces a high brittleness of the material. Therefore, new methods to prepare Tbg.o7Dyo.73Fe1.95 products with high
(111) orientation at higher growth velocity are required. In this paper, we solidify the Tbg.27Dyo.7sFe1.95 alloys under
various high magnetic field and cooling rate conditions. We study the effects of the magnetic flux density and cooling rate
on the crystal orientation of the (Tb, Dy)Fes phase and the magnetization behavior of the alloys. It is found that after
field-treated solidification, a high (111) orientation of (Tb, Dy)Fe; along the magnetic field direction can be produced.
As a consequence, the magnetostriction without applying stress remarkably increases. By increasing the magnetic flux
density applied during the solidification of the Tbhg.27Dy¢.73Fe1.95 alloys, the (111) orientation of (Tb, Dy)Fes could be
obtained at higher cooling rates. Ranging from 4 T to 10 T, with increasing cooling rate the magnetic flux density,
at which the (111) or (110) orientation of (Tb, Dy)Fes occurs, increases or decreases, respectively. The saturated
magnetization of the alloys increases with increasing cooling rate. The application of the magnetic fields does not affect

the saturated magnetization.

Keywords: magnetic flux density, cooling rate, Thq 27Dyq.73Fe1.95 alloy, crystal orientation
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