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Macrostructure Control and Magnetic Property of
Rare-earth Magnet Pr-Fe-B Alloy Ingot

Chisato Yosma, Shouji Kamee, Naoto Takenana and Toshio Onove

Synopsis : In order to produce the high quality rare-earth magnet, macrostructure control of Pr-Fe-B alloy ingot was carried out.
Production method of this alloy consists of melting, casting, hot rolling and heat treatment. The columnar structure
of ingot is necessary to obtain the high magnetic properties. The columnar structure was produced by two kinds of
method. One is thin plate casting and the other is directional solidification. By the thin plate casting sound and
columnar structure ingot was produced. This alloy is cooled rapidly from the liquidus temperature to the peritectic
temperature and then cooled slowly below the peritectic temperature because this alloy is brittle. By this method the
columnar structure was produced and the crack of this thin plate was protected.

In order to decrease the production cost of ingot, 400kg large size ingot was produced by the directional solidification
using the hot top heating. The temperature gradient in ingot was so increased by the hot top heating that the large
part of ingot showed the columnar structure. The magnetic properties such as (BH) max and iHc were improved by

the hot top heating.

Key words : rare-earth magnet ; columnar structure ; thin plate casting ; directional solidification ; Pr-Fe-B alloy ; hot top heating.
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Fig. 1. Production process for Pr alloy magnet.
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Fig. 2. Casting method for thin-plate ingots with
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Fig. 3. Casting method of thin plate ingots.

Table 1. Casting conditions of thin plate ingot.

Melting furnace 150 Kg VIF
Pouring method Shower gate
Pouring temperature 1873 K

Ingot size 435 % 435 * 20mm*
Mold material Copper
Mold/Ingot ratio 1~2

Mold coating Mullite
Preheating of mold 573 K

Table 2. Chemical composition of Pr alloy.

(mass%)
Pr Nd B Cu Fe
31.0 0.54 0.83 1.46 Bal.
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plate ingots and their magnetic anisotropy
ratio.
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Fig. 5. Effect of pouring temperature on macro-
structure of thin-plate ingots.

(BH) max (MGOe)/iHc (KOe)
Top | 24.5/855 23.9/8.33 222/778 21.0/7.22 18.8/5.55  20.4/5.90
Mid | 255/854 23.6/8.05 21.9/8.01 23.6/6.84 21.0/5.72 19.1/5.73
Bot 26.0/8.26 27.7/8.33 26.0/733 23.2/6.57 26.1/7.80 19.2/5.36
Pouring temp. 1913K 1853K 1773K

Fig. 6. Effect of pouring temperature on magnetic
properties of hot-rolled and annealed mag-
nets.
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Fig. 7. Pr-Fe equilibrium diagram.
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Fig. 10. Schematic illustration of macrostructure of directional solidified ingots.

Fig. 11. Macrostructure of directional solidified
ingot with hot top heating.
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Fig. 12. Cooling curve of directional solidified ingot
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Fig. 13. Dendrite arm spacing (DAS).
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Table 3. Magnetic properties of hot-rolled and
annealed magnets made from directional
solidified ingot with hot top heating.

Sample No. (BH) max iHc

No.1l Top 26.5 MGOe 11.1 KOe

Mid 25.5 10.4

Bot 28.8 11.8
No.2 Top 26.1 13.9

Mid 26.8 15.0

Bot 284 15.0
No.3 Top 26.6 15.0

Mid 26.5 15.0

Bot 30.3 15.0
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