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 24 

Figure S1. XRD pattern of YSS.25 
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Table S1. Gibbs free energy calculated by HSC software for leaching of YF3 powder by using 26 

NaOH solution at the temperature of 25℃ (298.15 K). 27 

Temperature (K)  ∆rG (kJ)  ∆rH (kJ) ∆rS (J/K) Kθ Ln(Kθ) 

298.15 -133.777 -146.546 -42.85 2.8223 54 
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Figure S2. The reaction products of NaOH/YF3 mixture at different milling times (no water 31 

washing) 32 
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.  35 

Figure S3. FT-IR spectra of different samples after mechanochemical reaction under different 36 

milling time (Y/N=1:0.9, L/S=1:1, milling speed of 400 rpm). 37 
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Table S2. Correlation coefficients (R2) of the three kinetics models at different leaching time. 39 

Kinetic model 

Solid product layer diffusion 

control model  
Chemical reaction control model 

kdt=1-3×(1-x)2/3 + 2×(1-x) krt=1-(1-x)1/3 

Leaching time 

(min) 

kd R2 kr R2 

0.00317 0.8912 0.00696 0.9143 

 41 
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 43 

44 

Kinetic model 

Interfacial transfer and diffusion  

control model 

kit=(ln(1−x))/3+[(1−x)-1/3−1] 

Leaching time 

(min) 

ki R2 

0.03765 0.99 
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Figure S4. Relationship between kit=(ln(1−x))/3+[(1−x)-1/3−1] and leaching time. 47 
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Figure S5. Process for recovering rare earth from YSS. 50 
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Table S3. Raw material cost and product income. 52 

Items Slag Electricity NaOH HCl Others NaF Y2O3 CaF2 

Amount 

(unit) 

20  

(g) 

0.42 

(kw*h) 

6 

(g) 

25 

(ml) 
\ 

3.88 

(g) 

5.38 

(g) 

13.5 

(g) 

Unit-price 

(unit) 

0 

($/kg) 

0.09 

($/kw*h) 

0.70 

($/kg) 

0.14 

($/L) 
\ 

1.39 

($/kg) 

9.07 

($/kg) 

0.38 

($/kg) 

Purity (wt%) \ \ ＞98 36~37 \ 99 99 ＞98 

Cost and income 

calculation ($) 
0 0.0378 0.0034 0.0028 0.005 0.0054 0.0488 0.0051 

Total amount ($)  0.049 0.0593 

Income ($) 0.0103 
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