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Nd-Fe-B magnets are widely used as permanent magnets for high-performance drive systems owing to their excellent magnetic
properties. However, the increasing cost fluctuations and supply instability of Nd/Pr resources have drawn growing attention to the
development of Nd-lean magnets through Ce substitution. Nevertheless, Ce substitution can degrade the intrinsic magnetic properties
of the 2:14:1 main phase and promote the formation of secondary phases such as CeFe,. Therefore, securing a stable amorphous
precursor is essential to suppress these undesirable effects. In this study, the effects of melt-spinning process parameters, including
wheel speed, gas ejection pressure, nozzle-to-wheel distance, nozzle diameter, and melt temperature, on the ribbon thickness and phase
structure were systematically investigated for the fabrication of precursors for Nd-Ce-Fe-B hot-deformed magnets. The results showed
that the ribbon thickness decreased with increasing wheel speed and nozzle-to-wheel distance, whereas it increased with increasing
ejection pressure, nozzle diameter, and melt temperature. Under the present experimental conditions, both amorphous structure
formation and stable ribbon production were achieved in ribbons with a thickness of approximately 20 um. Furthermore, the results
confirmed that precise control of the final ribbon thickness and thickness uniformity, through the systematic control of individual
process parameters, is critical for the stable fabrication of amorphous precursor ribbons. These findings provide useful guidelines for
designing the melt-spinning process for amorphous precursor fabrication in Ce-substituted Nd-Fe-B hot-deformed magnets.
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Fig. 1. (Color online) Schematic illustration of the melt-spinning
process and key process parameters.
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Table 1. Experimental conditions and parameter ranges for the melt-
spinning process.

Process parameter Base condition  Variation range

Wheel speed (m/s) 30 20~40
Ejection pressure (kPa) 40 20~60
Nozzle-wheel distance (mm) 4 2~10
Melt temperature (°C) 1,100 1,050~1,250
Nozzle diameter (mm) 0.4 0.2~0.6
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Fig. 2. (Color online) Cross-sectional SEM images of a melt-spun ribbon: (a) low-magnification image and high-magnification images near the (b)

free side and (c) wheel side.
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Fig. 3. (Color online) Effect of wheel speed on the thickness and phase constitution of melt-spun ribbons: (a) average ribbon thickness and (b)

XRD patterns.
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Fig. 4. (Color online) Effect of ejection pressure on the thickness and phase constitution of melt-spun ribbons: (a) average ribbon thickness and (b)
XRD patterns.
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and (b) XRD patterns.
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Fig. 6. (Color online) Effect of nozzle diameter on the thickness and phase constitution of melt-spun ribbons: (a) average ribbon thickness and (b)

XRD patterns.
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Fig. 7. (Color online) Effect of melt temperature on the thickness and phase constitution of melt-spun ribbons: (a) average ribbon thickness and (b)
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Fig. 8. (Color online) Processing window for amorphous alloy
formation as a function of melt-spinning parameters.

Az} obgA, Telal W7 d2e] d & 240 ta;} 1A,
FAZ vi7)E Nd-Ce-Fe-B o] B

FIHoT TR ek
A AgHE AAsH= WA T wgEE ZRe3Re _‘L]ﬁe &
it

9,191‘3}. 53] g FAV S 8 ZE5UY A

A Afolo] WZREE Falzt AR A FH FollA

2As7} *Q“O]OH%iO”:L W2 gk 7St g2 d 7
Fol| M FEI F& YEES SHgo 24 ogAQl v
4 7= WM F2IBIATH33]. Fig. &ollM ekl Azt
o] B Ay AFE V|Fog & uf, njgd A} A5H
ojlar FFAR B 5 A RSl A ®sle
20 um FEZ AT 0]% 20 umBE T FAS] FAL 2]
S7¥ehe WA, AYUR|A oF
< S A3 & &5 %7]- T E2FY3 melt puddle
A ?ﬂﬁ]ﬂ‘ﬂ flake A, B2 %1_?4_ 9 55 AskE
>3 T4 HAs)
ko] ohe}, W

-

r
N
ol
E i
mlo



< 7]&=+> Journal of the Korean Magnetics Society Vol. 36, No. 3, June 2026

14
12
]
=
410 =
3
48 .
c
2
46 ®
N
=
)
44 ¢
o
©
e Crystalline 4 2 =
e AmMoOrphous
L L 1 0
-15 -12 -9 -6 -3 0

Applied Field, H (kOe)

Fig. 9. (Color online) Demagnetization curves of hot-deformed Nd-
Ce-Fe-B magnets fabricated using amorphous and crystalline
precursors.
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