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Fig. 1. The DSC results and —In(R/T?) as a function of 1/T in the crystallization of NdgFegsBg (a), (b) and NdgFegsTi;Bg (¢), (d)

ribbons at different heating rates.
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Fig. 2. TMA results of the ribbons of (a) NdgFegBg, (b) NdgFegsTi;Bg; XRD patterns of (¢) NdgFegsBg (d) NdgFegsTi;Bg ribbons

annealed at different temperature for 3 min.
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¥i57, SRR SEE 20 nm 22 A, A EE IR Y
o-Fe Ki . TEM /A4 R 5 iR XRD Byl
A5 R—EL

H T A T SR R B B A, %)
NdgFegsTi;Bg TR G 44 47435 1 h A& AL
AR PR, A BB R RE LA SR R DA T4 HOULERAE: il 1)
pAs 1. Bl 4 J& NdgFegs Ti,Bg & 4 HIAHF 650 C
fm b 60 min J5 MTESUGR AR IR DRSO R |
WEE, Gl 4(a) B, GHKR ARG SURH kL 531 34
5], RAE 4 60 min (Y S AL AAKE B, HL AT 5 2R
TIEBH L 7 BOR St RATI A FE 2 K RUBE S BBl 2
IR T — AR A 40 R Ti s ingedt
1k NdFeB AT AT 14 . (H AR RUBE [ %%,
WA 4(b) Fias, —A4~ NdyFe, B SR kL ERT 2L
Hl o-Fe FREFHARAHSS, W] LA 5 —4> NdyFe B
AR, 1T FL SR [ IR AE B AR AR A
(AT XREL SR L ES F R A I TC T s AT ). X T 5K
IR G A S RS AL ] 1) 38 4 5 A R T 32 B A
SRR LA R S RS AR S A E e 22 41, kR
BE A AL AR S AR A 3 AR TR 0 3

'20__}11’ m

& 3 (a) NdgFegBg & 4 P iAHs 650 C fhfk 10 min J5 J5 3 TEM &% ; NdgFegsTi,Bg & 4 He P57 76 4 I8l 15 & F S 4k 3 min J5 1Y
TEM &3 (b) HL¥E; (c) 600 °C; (d) 650 °C; () 700 °C. 47 I Xof Jo7 Y 55 3 B HhL - 0 56

Fig. 3. TEM micrographs of (a) NdgFeg;Bg ribbons annealed at 650 °C for 10 min, and NdgFeg;Ti;Bg ribbons annealed at different
temperature for 3 min: (b) as-spun; (c) 600 °C; (d) 650 °C; (e) 700 °C. The insets are the corresponding electron diffraction patterns.
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NdyFe 4B

4 NdgFegTi By PRIEA 47 650 °C fifk 60 min 5 IEHUR (a) FEHE 15 (b)
Fig. 4. TEM micrographs (a) and electron diffraction patterns (b) of NdgFegsTi;Bg ribbons annealed at 650 C for 60 min.
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Fig. 5. Hysteresis loops (a) and AM (b) as a function of applied field of NdgFegsBg and NdgFeg;Ti;Bg ribbons annealed at 650 °C for

10 min.

YERL. T AR ERBE SR ks 53 A0 1035 AN 31 — 4k
PRARBIR 25 () 56 36 BT
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T 650 °C AL 10 min S5 ARG MIZEREL. IR 5(a)
HRT N, 5 Al =T A A PV I R IR 2 L
Ti 15 2% BE-$ = R4 1R 1 05 3 . e s RN R TE [l 2 1)
JIIENE, H, = 5.8 kOe, (BH),.x = 12 MG-Oe. H
iR HT R, B 2% Ti eiE i 107 WARAHY
I3 R NdFeB PR R ZE 1, 3] o-Fe
FHMIE SRS TP, QORI R 127 MRS AH
IR, TSR B HE— 2B Rk, XA R Tk
XAH NdyFe B/ o-Fe fifi 4 68 1) 52 =, B B 1Y 43
Bras RS T LaRESH 4 BT eI [RIRE, s
F14) A5 A A2 25 R 10 7P A 14) 3 R 5 A R
M. SR FHAR 4 1h 2 43 B 5 i A M ORI A48
AR R (ERE B AR P 5 55, o Sk )

AM(H) = mq(H) — [L — 2m.(H)], (1)
ot mg SRR RE M FIRE L m, ERIIRTL 2R
ARG L. AR 3 Wohlfarth 4347 29, A M TF B 14
TR, A R G A R A FH AR

K 5(b) & NdgFegsBg Fl NdgFegy Ti,Bg Heidets
AR A AL 25 T R RE I 4 50 B, B &L 5(b)
AL, PRl NdFeB & 4 PRy i AM e &R (7
TEEAG 0 3% UL A B % NdyFe, B M5 50 o-Fe
Z B A E . (R b &, 4 =0
NdgFegsBg TRV I AM I IE B BN, B
W SRR s A 22 ) P 22 e R B VR /N TS I 420t
R WSS A VER. WA Ti )5, MAEME
HBTH Y o-Fe AR T 32 B30, 40K B0 i AH
MY 1:7 SEARAH A 2E TS A5 B — 2k,
JIT LA, BRCREE A 1Y) 28 $ R A R3S 5, 54l =0T
NdFeB Py A1 b, AM 28 F (8 04 5 B 45 w5 i
1A%, Rk, $824% Ti BB &3 5 NdyFe 4 B/o-Fe
YR A B R RS REAH 0 S BB A VR, ek
PR o RE.

XFT NdFeB dF PR EAT 7E Ak i B rh A 7E L
T =R A AR R 1) AR ST EHT ) o-Fe H;
2) AEAbAR AT 127 WARRAH; 3) 127 AR A
AT o-Fe Ml NdyFe B AH. XF T4l = C NdFeB
e f AT, XRD A4 SRk DL Fax = FpAe AR
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Abstract

Nanocomposite magnet consisting of a fine mixture of magnetically hard and soft phase has received much
attention for potential permanent magnet development. One of the important requirements for alloys to exhibit
excellent magnetic properties is a nanocrystalline grain size. The soft and hard magnetic phases can
simultaneously achieve ideal nanoscale composites. The effect of Ti additions in the amorphous crystallization
process of the exchange-coupled nanocomposite Nd,Fe;B/a-Fe magnet prepared by melt spinning is
investigated. The results show that Ti can change the crystallization kinetics of the NdFeB melt-spun ribbons.
The Ti can increase the activation energy of a-Fe and contrarily reduce the activation energy of a metastable
1:7 phase, so the growth speed of a-Fe decreases and the metastable 1:7 phase can stably precipitate from the
amorphous phase. When the annealing temperature increases, a metastable 1:7 phase is decomposed into the a-
Fe phase and the NdyFe;,B phase. The microstructure observation shows that the grains of the alloys doped
with Ti are fine and uniform, with an average grain size of about 20 nm, and no particularly large o-Fe
particles appear. The optimal magnetic property is (BH)p, = 12 MG-Oe (1 G = 10* T, 1 Oe = 79.57795 A/m)
when Ti addition is 1.0%.

Keywords: permanent magnet, crystallization process, doping, nanocomposite
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