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Microstructure and Magnetic Properties of SmFe,,(TiV), Alloy
Katsu Yanagimoto

Synopsis : Microstructure and magnetic properties of SmFe,((TiV), ribbons were studied. Computer processing and
analysis of TEM image revealed that intrinsic coercivity depends on average grain diameter. More rapidly
quenched ribbons showed finer grain size and lower coercivity. Besides ThMn,, main phase, « -Fe phase was
observed in X-ray diffraction patterns and some EDS spectra. According to the results of this study, optimum
average grain diameter to achieve highest coercivity may be around 50~100nm.
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Fig.1 Schematic figure of ThMn,, structure.

TBH, R (K32X10°A/m) DAEHBETHD Table 1 Lattice parameters of Sm(FeM),, (after Ohashi).
EERELTNDY O, ThMn BEZF DILEWTRER parameter .
REDNEONIAIE LT, SmFe(TV),R85&H TL4X aom) | com | o [T RO o
10°A/mMDIRBE DB SN, BALIBIC K DT7.3X10°A/ml 0361 | 0278 | 50 | s
BLE S B ASRE ST \BDS, SmFenTi | 0856 | 0470 | 0560 [~ o T T
RIAFR TIEZ DSmFe o (TIV),RSEHICDUNT, Wil SmFeioV2 | 0.864 | 0478 | 0559 | 0.368 | 0.276 | 48 | si

EBEMSEY, BICREAOEDBRICDNTHEEL, #H
HEELESETERLNVOBESEEEEIRT 50018
BaEBESHMICTBEIEEBME L,

1-2 ThMn,tEPIDIEE SmFei0Si2 | 0.845 | 0.475 | 0.563 | 0.362 | 0.273 |[11.7 | 8i+8j
REFe, M, (M=Ti,V,Cr,Mo, W, S) E{t&¥lE, TTH

W7 TORMERL, F11—BEF350KHS600K DB

Thd, F7=NdFe,OYFe, LS DFAE DREFe M 1EEHIS 2. EEAHE

Fig. 1 1Z7R 9 ThVn B DIEE T H B9 ~12,

ThMn AEEIFESRT, FHEEThH A b (2a) 1, B 2-1 SmFe,(TiV) S BHER

FTRIEMN A (8, 8, 8) (CRBL T D, Sm(FeM) 1t BEERBOBMELT, BR7—BRTERLE

SmFe1oCr2 | 0.851 0.476 0.559 0.364 0277 | 5.6 8i

SmFetoMo2 | 0.859 0.480 0.559 0.361 0.280 | 7.0 8i
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Fig.2 Schematic figure of melt-spinning equipment.

Table 2 Results of chemical analysis of SmFe,(TiV), ingot and
melt-spun ribbons.

Sm Fe Ti \%
=== sEissisinens Fe==ft=%= S i WAk ===
Mass % :Atomic% Mass % | Atomic% | Mass % | Atomic% | Mass % |Atomic%
1 1 1 !
Theoretical ! ! ! J
Content 18.6 : 7.69 | 69.2 : 769 | 5.93 : 769 | 6.31 : 7.69
1 1 1 !
| 1 1 1
Ingot 188 1782 (686 1768 | 6.08 1 7.94 | 6.04 1 7.42
1 1 1 '
s 1 ' 1 '
Melt-Spun [ ' ! |
Ribbon 17.9 : 7.36 | 69.9 : 774 | 6.12 : 790 | 6.09 : 7.39
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Fig.3 Flow chart of image processing.
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Fig.4 X-ray diffraction spectra from ingot and melt-spun ribbons.
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Fig.5 Hysteresis loops of melt-spun ribbons with higher coercivity.
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Fig.7 Plot of intrinsic coercivity as function of wheel velocity.
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Fig.8 Transmission electron micrograph of ribbon
quenched at 1,000rpm.
(a) Bright field image (b), (c) Diffraction pattern

Fig.9 Transmission electron micrograph of ribbon quenched at
2,000rpm.  (a) Bright field image (b) Diffraction pattern

Fig.10 Transmission electron micrograph of ribbon quenched at
3,000rpm.
(a) Bright field image (b) Diffraction pattern (c) Dark field image
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Fig.11 EDX spectra from matrix phase and intergranular phase of
SmFe,((TiV), ribbon.

Table 3 Results of EDX analysis of ribbon quenched at 1,000rpm.

Ti \Y Fe Sm
_____ PRSI g o S gt R S =-====F-===="r====-
Intensities ! Atomic % | Intensities ! Atomic % | Intensities ! Atomic % | Intensities : Atomic %
: . :
0 T T T
Mi| 359 | 690 | 339 | 646 | 3925, 7803 | 437 . 861
X Il [ ) 1
S |M2| 231 | 676 251 | 731 2616 | 7923 | 223 | 6.69
T T T T
| ' | '
M3 277 1 698 29.7 1 7.48 3126 1 78.78 268 1 6.76
1 1 1 1
i " 243 | 290 1264 | 14.96 65.91 | 81.40 060 |, 074
i J | i j
§ |12 | 363 ! 220 | 2548 ! 1532 1295 | 8125 | 197 ! 122
-E- 1 1 1 1
13 | 1080 | 1253 | 806 | 927 | 6449 , 77.41 | 067 | 079

Table 4 Results of EDX analysis of ribbons quenched at
2,000rpm and 3,000rpm.

Ti \ Fe Sm
"""""""""""" Ty === r-=-===
Intensities : Atomic % I Atomic % : Atomic % I Atomic %
L] 1
0 0 0 0
At | 190 | 815 171 | 7.28 1730 | 7664 | 181 | 7.94
g " ' y .
g | A2 178 | 794 174 | 7.70 166.2 | 76.97 161 | 7.39
N T T T T
| | | )
A3 | 874 1 792 807 1 725 8289 1 77.71 767 1 712
] | | |
At 902 |, 809 887 | 7.89 8272 | 76.77 790 |, 7.26
§ ' : H .
g [A2] 43 | 812 63.1 | 7.90 5925 ! 77.43 50.7 ! 655
@ 1 1 1 1
| | | |
A3 | 339 | 599 27 | 749 4410 | 80.66 324 , 586
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Fig.12 Typical processed images of electron micrograph
of ribbon quenched at 1,000rpm.
(@) TEM image (b) Processed image
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Fig.13 Plot of average grain size of ribbons as function of wheel
velocity.
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Fig.14 Plot of intrinsic coercivity of ribbons as function of
average grain size.
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Fig.15 Variation of intrinsic coercivity iHc with particle diameter D
(schematic, after Cullity).
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