REBBLECLDIFLIEHAOAT OO U1 7V

Technology for Recycling Rare Earth Magnet Sludge by Carbothermal Reduction
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Carbothermal reduction methods to separate valuable rare earth elements from sludge
generated from the manufacturing process of R-Fe-B magnets, where R is Nd, Pr, Dy etc.,
have been tested. Controlling oxygen concentration to oxidize rare earth elements and
boron, heating more than melting points of slag and pig iron, samples separated into slag
mainly contain rare earth elements and boron, and pig iron mainly contains iron and
carbon. The melting point of slag depends on boron concentration, and the temperature at
which samples separate into slag and pig iron dropped when the boron concentration was
raised. Ninety nine percent of rare earth elements are recovered by using carbon black as a
reductant and adjusting the recovering process.
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Table 1 Concentration of main elements in samples used in this paper

(Unit: mass %)

Fe Nd Pr Dy B 0
Sample A 65.3 | 22.8 | 0.1 8.6 | 0.93 | <0.1 2.27

Others

Sample B| 53.1 | 18.6 | 4.8 36 | 0.76 | 16.3 2.78

Sample C| 499 | 1568 | 4.3 3.4 0.72 | 21.8 4.08

Sample D| 50.3 | 15.2 4.4 3.8

—: Unmeasured
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1 BB L 2K A ((@) ~ (e) B L UREKA B () DRFEHE
TR DHEL (a) <0.1 mass% (b) 1.1 mass% (c) 3.4 mass%
(d) 9.3 mass% (e) 25.9 mass%

Fig.1 Appearance of oxidized sample A ((a) ~ (e)) and sample B
(f) after carbothermal reduction (a) <0.1 mass% (b) 1.1 mass%
(c) 3.4 mass% (d) 9.3 mass% (e) 25.9 mass%

F2 BRALAIEL -HH AZ RFHETNIE L T TE 2ERHA
L UBDERK
Table 2 Composition of product A and product B from oxidized
sample A made by carbothermal reduction
(Unit: mass %)

Oxygen content Composition of product materials
in oxidized sample A | Fe | Nd | Pr | Dy | B (¢} C
9.3 975 — | — — | — |25
Product A 25.9 974| — | — — | = |26
9.3 — |50.6| — |21.2| 0.8 |26.6| —
Product B
259 — |541| — [17.8]0.7 |26.1| —
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Table 3 Composition of pig iron and slag made from sample B

(Unit: mass %)
Fe | Nd | Pr | Dy B Al | Co | Cu| Si C
ProductA|932| — | — | — | — | — |13|02| — |43
Product B| — [53.4(14.0(10.3|22 |05 | — — 03| —

I, BRI E DB O W TN FN L EEZ 2T 70
B2 1AL ) iR 7 IHH T AV F -2k b
HEOMRERT Y, 952 ~ 1,728 K Tl

Nd<Al<Si<B<C<Fe<Co<Cu (1)

+ mol)

0 500 1,000 1,500 2,000
Temperature (K)

Standard Gibbs free energy change (kg - m?/s?

2 BERGICHIZEX TXEAIZ VX -E1L
Fig.2 Standard Gibbs free energy change with oxidizing
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Fig.3 Influence of boron content and thermal treatment temperature
on the separation of pig iron and slag
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Fig.5 Relation between additive ratio of carbon and weight decrease
ratio after carbothermal reduction
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Fig.6 X ray diffraction pattern of samples after carbothermal
reduction in case of adding carbons (a) petroleum cokes (b)
carbon black
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Fig.7 Appearance of samples after carbothermal reduction in case of adding carbons
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Fig.8 Influence of carbon black particle size on separation of slag and pig iron
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Fig.9 Relation between additive ratio of carbon black and boron
content of slag
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Fig. 10 Recovery process of slag
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Table 4 Compositions of slags made by the process in Fig. 10

Processing Contents of main element in slag (mass%) Weight
times Fe | Nd Pr Dy B | (X107°ke)
1 0.38 51.4 14.3 124 2.41 140.3
2 0.44 51.4 14.2 12.2 243 148.8
3 0.35 51.4 14.2 121 2.39 152.6
4 0.48 51.7 14.3 12.1 242 151.8
5 0.55 51.6 14.3 12.1 2.39 142.2
6 0.62 51.8 14.3 12.0 2.33 150.8
7 0.41 51.6 14.3 12.2 2.39 150.2
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Fig. 11 Relation between processing times and recovery yield
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