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Fig. S1 Analysis of XRD spectra of EOL NdFeB mangets used in experiments.
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Fig. S2 E -pH of Nd - H2O and Fe - H2O systems. (Based on reference data and using HSC to plot 1.)
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Fig. S3 Electrolytic dissociative phase XRD analysis.
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Fig. S4 XRD analysis of cathodic deposition products.
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Table S1. PH of ZnCl2 solution at different temperatures.

Temperature (℃) 25 40 50 60
pH 4.69 4.21 3.89 3.63
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Table S2. The effect of adding different amounts of Na2SO4 on the pH value of electrolytes.

Na2SO4:Nd3+ (mol) 0 2:1 4:1 6:1 8:1
pH of electrolytes 4.72 4.77 4.75 4.76 4.75
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Table S3. Analysis of ICP-OES testing for obtained every 1g REOs.

Element Nd Pr Dy Fe
Wt (%) 77.16 11.17 11.67 0.1
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Fig. S5 XRD analysis of obtained Fe2O3 products.
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Fig. S6 SEM analysis of obtained Fe2O3 products. 
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Fig. S7 SEM-Mapping analysis of obtained Fe2O3 products.
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Table S4. Elements quantitative analysis of Fe2O3 SEM-Mapping.

Element Wt %
O 28.45
Fe 71.55
Nd 0.00

Total 100.00
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Table S5. ICP-OES analysis of Fe2O3.

Element Wt %
Fe (theoretical value) 69.90

Fe (actual value) 69.55
Nd 0.46
Pr 0.03
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Fig. S8 The XPS survey spectra of the EOL-Nd2Fe14B, REOs, and Fe2O3.

EOL-NdFeB, REOs, and obtained Fe2O3 was characterized by XPS to analyze its elemental composition 

(Fig. S8). In the obtained REOs mainly composed of Nd2O3, almost no XPS peak of Fe 2P appeared, 

indicating that they almost didn‘t contain Fe element,, which is consistent with the results of ICP (Table S3). 

There are still peaks of Nd element present in the XPS full spectrum analysis of Fe2O3, which is consistent 

with its icp test results (Table S5). Subsequently, high-resolution XPS analysis was performed on Fe 2P and 

Nd 3d of Fe2O3 (Fig. S9). The binding energies of Fe in Fe 2P are 709.68 eV, 711.17 eV, 718.18 eV, 723.19 

eV, and 724.88 eV, respectively, which are similar to the previously reported binding energies of Fe2O3 
2,3. 

The binding energies of Nd in Nd 3d are 1008.77 eV, 1006.39 eV, 1002.95 eV, 995.17 eV, 983.71 eV, 980.35 

eV, and 975.43 eV, respectively, which are similar to previous study 4,5. 



15

1020 1010 1000 990 980 970

 Raw Intensity
 Peak Sum
 Background

In
te

ns
ity

 (a
.u

.) Nd 3d 3/2

Nd 3d 5/2

Banding Energy (eV)

(a) (b)

725 720 715 710

In
te

ns
ity

 (a
.u

.)

Banding Energy (eV)

 Raw Intensity   
 Peak Sum
 Satellite Peak

Fe 2p1/2

Fe 2p3/2

Fig. S9 The XPS spectra for (a) Fe 2p and (b) Nd 3d of obtained Fe2O3.
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Table S6. Comparison of present work and other similar work

Scheme Major Chemical 
Inputs

Energy 
Consumption

References

Leaching with HCl and 
solvent extraction using 

NaCyanex 302

1 mol Nd2O3:
15.6 mol HCl

9.4 mol 
NaCyanex 302

1.98 kwh/kg 
Nd2O3

Padhan et al. 6

Anion exchange membrane 
combined with dual 
electrolysis chamber

1 mol Nd2O3:
384 mol NaCl

15.00 kwh/kg 
REOs

Prakash et al. 7

Electrochemical 
dissolution of NdFeB 

followed by deposition of 
Fe and Nd, respectively

1 mol Nd2O3:
2.4 mol H2SO4
2mol Na2SO4

4.85
kwh/kg REOs

Xu et al. 8

Extraction of REEs and Fe 
from NdFeB by co-
leaching stepwise 

precipitation method

1 mol Nd2O3:
13 mol HCl

8 mol H2C2O4

_ Liu et al. 9

After roasting at 350 ℃, 
leaching Nd with inorganic 

acid precipitation

1 mol Nd2O3:
144.42 mol 

H2SO4

0.028 
kwh/kg 
Nd2O3

Lee et al. 10

Demagnetized and roasted
Leached with Citic/Maleic 

acid

1 mol Nd2O3:
22.86 mol 

Citic/Maleic 
acid

8.14 
kwh/kg 
Nd2O3

Reisdorfer et al. 11 

ZnCl2 solution as 
electrolyte combined with 

dual anode system

1 mol Nd2O3:
4 mol Na2SO4
8 mol NaOH

2.67 
kwh/kg 
REOs

Present work

Electricity consumption: The calculation method for energy consumption is as follows: According to 
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the equation 5: P= (0.3 V * 0.15 A) + (3.3 V * 0.06 A) = 0.243 w. W=P*t=0.000243 kwh. The electrolysis 

process adopted constant current electrolysis, and the voltage was calculated by taking the average value. 

Under this condition, 0.28 g NdFeB magnets can be electrolyzed. Then for every 1 kg of NdFeB magnets 

electrolyzed, 0.8678 kwh of electricity is required. Previously mentioned that 1.8678 kwh of electricity is 

required for processing 1 kg of NdFeB. The remaining 1 kwh of electricity is the energy consumption for 

roasting Nd(OH)3 in a muffle furnace. By fully utilizing the volume of the muffle furnace, this part of energy 

consumption can be further saved. The size of the muffle furnace used is 15 * 15 * 15 cm, which can process 

5 kg of Nd(OH)3 in a single operation, and the energy consumption is 1 kwh. Calculated based on the 

production of 0.2 kg Nd(OH)3/kg of NdFeB magnets. So processing 1 kg NdFeB required an additional 0.04 

kwh of electrical energy.

To sum up, taking into account the energy consumption of both parts, the required electrical energy for 

each 1 kg of NdFeB magnets processed by electrolysis is 0.9078 kwh. According to the calculation of 

producing 0.34 kg of REO per kg of NdFeB, the power consumption of 1kg REOs is 2.67 kwh.

Table S7. Current density of each electrode.
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NAA Current (A) NAA Current Density 
(A/cm2)

PIA Current (A) PIA Current Density 
(A/cm2)

0 0 0 0
0.05 0.025 0.01 0.005
0.10 0.050 0.02 0.010
0.15 0.075 0.03 0.015
0.20 0.100 0.04 0.020
0.25 0.125 0.05 0.025

- - 0.06 0.030
- - 0.07 0.035

Reference
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