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Abstract

In this paper, Hoo.3Tbo.3sDyo.4Fe1.93 Laves phase compounds were prepared by vacuum arc melting
method, and their structural, magnetic, and magnetostrictive properties were investigated. The
results of X-ray diffraction experiments and energy spectroscopic analyses showed that the
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Ho0.3Tbo.3Dyo.4Fe1.93 compounds exhibit a single Laves phase. The Hoo.3Tho.3Dyo.4Fe1.93 compound
was determined to have two spin reorientation temperatures, Tsr1 and Tsrz, based on the Initial AC
magnetic susceptibility, which corresponds to transitions from <111> to <100> and from <100> to
<110> in the easy magnetic directionin, respectively. Differential scanning calorimetry measured
the Curie temperature of the Hoo.3Tbo.3Dyo.4Fe1.03 compound to be 643 K. At room temperature, the
magnetostriction (4)-A.) of the Hoo.3Tbo.3Dyo.4Fe1.93 compounds is 810 ppm and 1332 ppm for mag-
netic fields of 3 kOe and 10 kOe, respectively. Variable-temperature magnetostriction studies
have shown that, for magnetic fields of 3 kOe and 10 kOe, the magnetostriction A3k = 500 ppm
and A1sk 2 1000 ppm for temperature spans of 155 K and 280 K, respectively. This suggests that the
Ho0.3Tbo.3Dyo.4Fe1.93 compounds have wide temperature domain magnetostrictive properties.
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RFe; (R #2#i1)3277 Laves FH&<AE 300 K M B0 3 MR REBUR 4 1t g, B 7875 S 4 REA%
PRI, lUOLAS ) )) 48 S5E AUSR. F AR F1[1]-[4] MIAESERRN F R, REESC A L 1 AR B/ IVl
W PR BOR VRGBSR ARAE, BRI 8 & 1) S VAR T W S5 A AR R S B R [51-[ 7]

1E 300 K Fftifs, 144 MREEUH 45 4k} Terfenol-D (Tbo.27.03DYo0.73-0.70F€1.9-2.0) 5 A 5INPT R, & 25 1) 7 PE[8]
(9], IR AR 4 PERE[10] [11]. ST Terfenol-D FA —Lem R, A LAERE 7 5 Al B AIC
R AR RO, RE ) R I 2 = AR IR AR 12] [13]0 BEAR, 4R EE(KT 245K I, Terfenol-D &
EWEBUFAE RETGEFEAR, XKW Terfenol-D ANREH EAEMRT 245 K IRE T AINH[14]. RILHIFI TR
W], 1 TbDyFe 1k &%)5 TbHoFe &4 R & 0] e E4ME44K &2 Tb-Dy-Ho-Fe & & REWS A R FE(K
Terfenol-D fJREIHT[15]-[17]. B, Tbo2sDyos7Hoo.1sFei.os A1 Tho26Dyo saHoo2Feros & & MIRAR — #i37iR ¥
it 2% 98 £ LU R TbyDyxFeros & 428 IR/ T 23%H1 54% [18]. 4R, Ho & Sitid 0.3 WA 58 5 B i -
Tto N T #H%E Terfenol-D TAEMRIL, A0 Fi48 H 1T Tb 1 Dy 1A, 1X W] DARE K AN RS 48 H iR 3k,
{HER SR T IR BN 4518 19]. BRILZ 4h, Zhang Z A\ KI5 2% Ho B Tbo2oDyo.siHoo2Fer 05 &
(20177 LL# % Terfenol-D S #iALTT FITE<111>ROREEVEF, SR Z A SAEMRT 200 K IS ARSI 4518
RIBATHE T . BT TR ATE Terfenol-D A1 5| A& FEHG - Nd 0T USR8 AR A8 iRk, 51 -
Ndo25Tbo3Dyo.4s(FeooBo.1)1.03 £ 42[21], Ndo2TbosDyosFe1o3 5 42[14], TbosNdosFe: (& W[ 7] fEHE =T,
PATEFT T HoosTbosDyosFeros t &M . HETERIREBURAEVERE o 1% TAEW F & 58 I ISR BUH 45 44 k)
IR FT o

2. LW

PLALE N 99.9%M1 Tb. Dy. Ho PLK 99.99%f Fe {ENEIGEIR, KHEZSHIUFGHRIEH & T
Hoo3Tbo3Dyo4Fe1os(HTDF)#4E. B, 455 1273 KB NEK 10 h B2 BEW. EZET,
HFIH Cu ko (D8 Bruker) X 5 ZefiT 5 A0 Hoo3Tbo3Dyo4Fer.03 4T XRD Ml & . XRD ¥y RKE @ 1 GSAS 1T
BAF[2213E1T Rietveld ¥51&. ttAh, FRAEH %5 Gemini SEM 500 (Zeiss Gemini SEM 500)75 B HL T Bl
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Figure 1. Refined spectra of Hoo.3Tbo.3Dyo.4Fe1.93 compound at room temperature
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Figure 2. Hoo3Tbo.3Dyo4Fei1.93 compound, (a) SEM image, (b) EDS image, (c) EDS composition analysis plot
2. Hoo3TbosDyo4Feros &4, (a) SEM Elf%, (b) EDS El%, (c) EDS B4 43 #r[E
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1 45T HoosTbosDyo4Fer oy th A PITEEIR(300 K)FE1E XRD . {8 GSAS-IRAE1E )5 1
Hoo3TbosDyo4Fer03 41 Rup = 7.92%, %% = 2.32. Hoo3TbosDyosFe1 o3 tb &) 2 IAE H.— 1 Laves fH.
EAFE R AL, HooaTbosDyosFeros (b &I LI 5B M, BATRA T R-3m HIZE T 4514, 1XH1 TbFe2
FN Terfenol-D 45 R FH1A[24]» Hoo3TbosDyo4Fer o3t & IR B G TT IAITE ZIRIE<111>T7 A . FiR FHIZE
J5 SR AE AL A I K BRI 45 . (R, XRD My AR FT 5 S5 % W] Hoo3TbosDyosFer o3 LA R
L. —1 Laves AH H 2 Witk 7 ifs<111>,

Kl 2(a)~(b) 73 M &7~ T HoosTbosDyo.sFer.os 16 G4 B4 HLT 258 (SEM) TR 35 LRI BE1E 73 4T (EDS) &
B PR B MRS N 10 pm, BAEAHLA B AL /N LA RESE Laves FHANE, 7EMGI AR AL 5
RS2 SIS BAT R HTDF A4 2 3 H 5 — ) MgCu, &Y RFe; 3777 Laves AH, AN RFes M.
N T i€ HoosTbosDyosFeros (GRS, BRATERE SR T AN R B AT S, ANEA B RE
AT A PE T B P IME . EDS BERE X HTR B, HoosTbosDyosFeros 2 b &P 35150 2(c) BN
1 EDS 1437 #r Bl FAT T EZ ) ThosDyosHoosFer03 2 &b %70 &K Th, Dy, Ho, Fe L1351 0.38, 0.29,
0.33, 2.18, SIRMATBCAHOIFRFR /#8208 . SEM Al EDS 525K B, HoosTbosDyosFero3 th &) I
— ) MgCu, % RFe, 3777 Laves .
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Figure 3. Hoo3TbosDyo4Fei1.03 compounds, (a) curves of initial AC magnetisation as a function of temperature (y'ac-T)
at 10~300 K, (b) DSC curves

[# 3. Hoo3TbosDyo.4Feros L EH, (a) 7E 10~300 K #3638 A ZRIE IR E R R B HIZE (- T), (b) DSC BHZ%

3(a)fB7R T Hoo3TbosDyosFeros (LA WITE 10~300 K WIUH AT MLREA 2 (y ac) Bl i3 FE (T) AR AL T Hh 28 . %)
ARSI A 2 it 2 rh 35— MU E XS 23 Hoo3Tbo.sDyo.aFer o3 f6 54 B e B BR)R ZE Tsri» 55 /MU E X
H JiE B X A3 Tsroo HTDF AL &R Tsri N 181 K, 1X 5 Zhang %5 ATE Tbo296Dyo.472Hoo 232Fe1 95 B 45[20]
HORIL TN E BB IUA) R Tsra 9 222 K AHZEBL. JOAMESRRIER S, BRI 175 A B E A
IRE Tsro 214 66 Ko M4 Terfenol-D (Tbo3Dyo7Fex) M1 TbHoFe, [ H g EELAIAT N[1], FRATA LA &
Hoo3TbosDyo4Fer.o3 (A P11 Tsra A Tsra 73 A% BT 25 WAk 77 1) <1 11>F<100>F1<100>F<1 10> [ #6745
£ Tsri ML, HTDF (LA R M2 T AHINEEAS, £E Toro IR FL, HTDF (LM T M2 O H 11
A, K 3bERT Hoo3Tbo3Dyo4Fe; o3 &I DSC #igk, HUHRIEXT R T RFe, #H R JEBIRE Te, Tc
218 643 K, KT TbosDyo7Feios ] Tc 214 658 K [20]. yac-T A1 DSC SZEE B, M+ Ho BT Tb Al
Dy 2> B#AK B He B AR Tsro AR HIEE Te.
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Figure 4. Magnetostriction (j-41) curves of Hoo3Tbo.sDyo.4Fe1.93 compounds at different
temperatures as a function of external magnetic field
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K ik /A 1250 ppm. 100 K LAR,  GREAL 5 7 (6 A8 S SO SUR AR T 46 b7 AT R REEL
TG BER AL I 2R R W, 7E 15k0e B35 R, 7E 300 K~181 K ¥R JE V8, HoosTbosDyo4Fero3 1 &40
BHRLE (-4 7E 300 K~181 K AT EEVE FE KT 1300 ppme

2000 —=mroe==7r0%
| —*—3kOe——>5kOe
—+—T7kOe —+— 10kOe
1600 L »— 12kOe —e— 15kO
CARN 7/
£:1200 - \.\Q// /T~
N—’ « 4
3 [ '\\\’ / /
< N /\\‘\A-\
T 800 \, ya —
(<_ \-’ / ﬁﬁﬁﬁﬁﬁ
\‘\
400 \\’4/ P
[T— _/./
O C -f.T-\.-_:—.._—.l/ " 1 " 1 " 1
0 50 100 150 200 250 300
T (K)

Figure 5. Curves of Hoo3Tbo3Dyo.4Fe1.93 compounds with temperature for magnetostrictive
(A1-41) under different external magnetic fields

B 5. EARFSMEY T, HoosTbosDyosFer.o3 A PSR 48 (-4 L) BE IR B AR A0 1) il 2%

DOI: 10.12677/app.2025.151007 68 I EEY/BEH


https://doi.org/10.12677/app.2025.151007

FE, BB

£ 20 K~300 K #& XA N, XF HoosTbosDyo4Feros (b AT T WS 4E I & . & 5 SR TEAH
AMEEIS R HoosTbosDyosFeros WA MIREEU 4R (-A L) BE IR FE AR . BE IR B R RAEU4E (-AL) T
i BT, RS A B BEE IR Tsri(181 K) T IA RS AE, I X B 2 BE AL J5 Rl <111>. B R
FE Ik SR AR, 75 B B BB AL Tsri A Tspo Z 18], RESURAR (l-20) FF AR FEAK, RS 55 R A 7 35 <100>.
TE Tsra(66 K)Z 5 , BESURYE &AL FE, S 5 Ak 77 13115 <110> . BEBUP 4 i th 2% 1, 7 20 K~300
K RJE XA, 1E 3 kOe i3 N, WESUHLE Az > 500 ppm (KR ETERE 155 K, 7€ 10 kOe Fi3% K, WEEUH
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