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In this study, batch-type demagnetization heat-treatment conditions were
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Demagnetization The magnetic fluxes of the Nd magnets decreased with an increase in the heat
Remagnetization treatment temperatures, and the magnets demagnetized at 300°C. The
NdFeB magnet completely demagnetized magnet was fully remagnetized when more than
Batch type heat treatment 6000 J of magnetizing energy was applied. Further, by analyzing the surface
soundness of the demagnetized Nd magnet, it was confirmed that the magnet

could be reused.
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(a) Quartz tube furnace

Heating Holding Cooling
Speed Time Speed
Temp.CC) 1 goc/min. 30-60 min. 15-20°C/min.

Time(min.)
(b) Heat treatment pattern

Fig. 1 Quartz tube furnace and heat treatment pattern for Nd
magnet demagnetization heat treatment.
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Table 1 Nd magnet composition and max operating temperature

Max Composition [wt%)]
operating
temperature | Nd Pr | Fe B O | Tb | Dy
[°C]
N45H 80 19.1 | 54 | 712 | 2.1 14 0 0.8
N35UH 180 206 | 65 | 672 15 | 22 1.3 | 0.7
N33AH 230 157 | 35 | 675] 14 | 14 | 1.7 | 88
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Fig. 2 Computer simulation model for heat flow analysis in
furnace interior and Nd magnet specimen
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Table 2 Material properties on furnance and Nd magnet

Specific heat | Thermal conductivity | Density
[J/kg/k] [W/m/K) [kg/m’]
Heat source 700 0.27 837
Quartz tube 2200 2 700
Insulating 2300 1.4949 877.96
block
ALOs 3960 30 850
Boat
NdFeB 7800 9 440
magnet
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Fig. 3 In continuous heat treatment, the measured temperature
and the computer simulation temperature inside the
furnace over time at the set temperatures
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(a) Temperature change of the computationally
simulated furnace and specimen at 100~400°C
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Fig. 4 Result of real temperature change in the furnace and
simulated specimen temperature which was time to
reach at each 100~400°C temperature.
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Fig. 5 Changes in magnetic properties of Nd magnets according
to heat treatment temperature.
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Table 3 Magnetizing energy according to the magnetizing voltage

Magnetizing Capacitor Magnetizing
voltage capacity energy
V] [uF] ]
2000 3000 6000
2500 3000 9375
3000 3000 13500
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(c) 400°C in air

(d) 400°C in N,

Fig. 7 Surface of Nd magnets demagnetized by air and N,
atmospheric heat treatment.
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Table 4 Surface composition of Nd magnet demagnetized by
atmospheric heat treatment

300°C 400°C
C°‘E’£§j:]“°“ @ (b) © d
(0] 0.99 041 4.39 0.49
Ni 99.01 99.59 84.53 98.14
Cu - - 11.08 1.37
Total 100.00 100.00 100.00 100.00
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