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Fig.1 SEM microstructure (a) and EDS element mapping of Ti (b), Nd (c) and Fe (d) of Nd(FeTi)12/a-Fe ingot
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Table 1 Elemental content at each point in Fig.1la (at%)

Point Nd Fe Ti Composition
a 0.98 92.08 6.94 o-Fe
b 7.20 84.41 8.39 Nd(FeTi)1.
c 10.01  84.35 564 Ndz(FeTi)17

A 1c, 1d /AL, Fe JUE AR A BN
%), Nd T& EEDA a-Fe ki iE. B 2c A Ti st
oM, 5K 1b Mk, AHERNRERSR. R,
Nb JeZ  LUEdE Fe-Ti &4 M&. ko, Nb t&
(R4 ik 2468 °C, T Fe TR A, R
e R e TEAZ, JeTEAZ I Nb 1B AR i T A% (A%
O, REEZE, NN a-Fe k.

3 NARE 30 m/s #l45H) Nd(FeTi)y/a-Fe #n
Nd(FeTiNb)/a-Fe &4 SEM TR &k R 4
il . B 3a F H, T 2 B AN S SR AR AR
YA AR R, AN SR R P R TR R b, AR R
SPERECOR. B 3al NH R RS mE, &40t
iR R SE 2 0 Al fE 70~100 nm 2 8], A 64.5%,
HF g SRR ST 9 87.46 nm. &l 3b B HY, T AR
TEFUNSERR, I B SRR EIMS, SR/ E
AN HE 3L kLRSI EE W, SRR 2
Iy A AE 50~70 nm Z 8], (5 oA 79.6%, P35 kR
4 60.42 nm. 5 3al ALk, & 3bl &k M 87.46
nm J&/NE] 60.42 nm, It H AR X A AR A . R0

Nb e &5, A4k SR, 3 5k o A 58 g 5 .
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SRS ER AR, Hk, No AT
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Fig.2 SEM microstructure (a) and EDS element mapping of Nb (b), Ti (c), Nd (d) and Fe (e) of Nd(FeTiNb)12/a-Fe ingot
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Fig.3 SEM morphologies (a, b) and grain size distribution (al, b1) of Nd(FeTi):./a-Fe (a, al) and Nd(FeTiNb)i./a-Fe (b, bl) ribbon

prepared at a roll speed of 30 m/s
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Fig.4 XRD patterns of Nd(FeTi)i/a-Fe and Nd(FeTiNb)i./a-Fe

ribbon
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Fig.5 DSC curves of Nd(FeTiNb)i,/a-Fe ribbon
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Fig.6 XRD patterns of Nd(FeTiNb)i./a-Fe ribbons annealed at
temperature of 600 ‘C

% AL B 2 1] % Nd(FeTiNb),N/a-Fe 44k 5 4 7k
WA BRI B IR . 35 UG (W3 WA 1k e 5 I 8
Pem. N THERR T 3EN Nd(FeTiNb), M dihk, M
HVE B FE R ) o T R B AR S, AR
THRAEB@T A BIEZA RN S Rk, R A% $
FVE R . N TR T IHF#E N Nd(FeTiNb);, 4H
n A, W2 EAL IR L, Nd(FeTiNb)y, din % 2K
Hig, EREERRET, Nd(FeTiNb) N &k &
SrfR, RO T R IREYERE . DRIIE, TERRB AR
FE S B R 5 /N

7 AAFEBERE T 64 1 Nd(FeTiNb)oN/
a-Fe Wi f) XRD B . BEAEFMIEREZNTHE, a-Fe
FT S0 (R SR S I, T Nd(FeTiNb) N I 1) 56 JiF B 2
TR UbAh, B BAGEEE TS, FeTi fiT 4 DL I
#1153 Nd(FeTiNb),N 75 W 2k o 3 Ui B b 5 AL IR
FEMITEE, Nd(FeTiNb),,N HI& L T HIFEA, S8
SYELA] AL R . SR EIAELE, 7E 500 C & Ak
W XRD B AT LLE 3, &4k 51 Nd(FeTiNb),N
M /2R 5. SR, a-Fe MIATH & JLF A fnt -
XU B A LM AR 75, Nd(FeTiNb),N
A K . FEARSRR T, KA T — R R AT
B, A BN AT R R ER B

® 2 HIH T AEAFREAEE FH %1 Nd(FeTi-
Nb)1,N/o-Fe i M E & &E. IR 2 Rl LR H,
b EAGIR e, WA S B . XEEN
IR N A S AR, B . fEmEEET,
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Fig.7 XRD patterns of Nd(FeTiNb)12N/a-Fe ribbons prepared at

different nitriding temperatures
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Table 2 Oxygen and nitrogen contents of Nd(FeTiNb):,N/a-Fe

ribbons prepared at different nitriding temperatures

Element content/at%

Nitriding temperature/’C ~ Mass/g
o] N
450 0.1066 0.137 1.88
500 0.1077 0.45 3.54
550 0.1285 0.785 4.12

2.3 WETERE

15 F AR BN R G T 43 A T AE AR BE A
450, 500 F1 550 ‘C Nl % ") Nd(FeTiNb),,N/a-Fe & i
(R RE o B 8a s A R AL R B T 10 W 1 i [l
2o IWEIHRTLUE Y, BT A BEAT IR i a] 22 76 L 1
W, BE L ORI BCHIYT 7. I U I A R
WL ARAS & R4, Wy o AR AE JOER AT o 18] 8b Ak
B it R ORI, 500 C IR S ik, BEAE IR E
(I 7F s, 78 550 “CIFRm ) &35 R .

9 N A A B AL IR 4T Nd(FeTiNb)1,N/a-Fe 7
SO 3 0 T T P s e o PR o 5 BH AR FE R 500 C I
W ) Hy FURIRL B, 29 il ik 35 KAA 55 720
A/m fi1 21,9 Am* kg, BEERALEE RS,
TH Y () R R RN A 7 8 3% R B% . Nd(FeTiNb)1,N/o-Fe
AT 550 ‘CBEUJG M XRD KGRI, 1F NAEREA I
Nd(FeTiNb);oN FHTE S T &L T 0, 5 S i
REPFAR .

* 3 LB TAERL R A Rl & Nd(FeTi) N/
a-Fe Al Nd(FeTiNb),,N/a-Fe ¥ L MERE: HEE
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Fig.8 Hysteresis lines of Nd(FeTiNb):o.N/a-Fe ribbons prepared
at different nitriding temperatures (a) and partial

enlargement of the centre of the coordinates (b)
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Fig.9 Effect of nitriding temperature on the coercivity and

remanence of Nd(FeTiNb)12N/a-Fe ribbon
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Table 3 Magnetic properties of Nd(FeTi)i;2N/a-Fe and
Nd(FeTiNb):.N/a-Fe ribbons
Ribbon Coercivity, Hej/A m™ Rexﬂgnﬁsh&l
Nd(FeTi)12N/a-Fe 20 895 12,5
Nd(FeTiNb):2N/a-Fe 55720 21.9

UM a-Fe MS5 SR EAR, ERPIAHANEI SI45 5 .
Nb JE& 2 1 a-Fe B4 G 5, I8 I F i 74 A E
i o-Fe AR SR RLR/NAT %, T $ e A4 HE 12 E .

3 & i

1) Nb JGE RN AT LUA ot is /s fobn R~F, &
S T I SRR ST AN 87.46 nm Y/ # 60.42 nm, AT
PR TERE

2) Nd(FeTiNb),/a-Fe # i B &N, PR S
SRR TR . HBREEL R S
A R A Nd(FeTiND) 1N 11 73 il AT 28 A0 1 1
. BEIREZN 500 CHVEREET . HAF ) B, Al H
2394 21.9 A m? kgt A 55720 A/m.

3)Nd(FeTiNb)o/a-Fe 7k B A HE A i -+ 7t 25 i &
HA A 13%, W3 FRAC T il 4% AR .
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Microstructure and Magnetic Properties of Nd(FeTiNb),,N/a-Fe Nanocomposite
Permanent Magnetic Materials

Zhang Yinglong, Wang Kunyu, Liu Kun, Li Binglei, Feng Yunli

(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, China)

Abstract: Thin strips of Nd(FeTi)i/a-Fe and Nd(FeTiNb)./a-Fe alloys were prepared by vacuum arc melting and melt quenching

processes to investigate the effects of the addition of Nb elements and different nitriding temperatures on the microstructure and magnetic

properties of the alloys. The results show that the addition of Nb elements significantly refines the grain size and increases the amorphous

formation rate of the alloy. The magnetic properties of Nd(FeTiNb)i.N/a-Fe strips are significantly increased after crystallisation

annealing and nitriding, and the best magnetic properties are achieved at a nitriding temperature of 500 <C, the remanent magnetisation (B;)

and coercivity (Hc) are 21.9 A m? kg and 55720 A/m, respectively.
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