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Table S1. Assignment peaks of MCH, CH-POH, CH-POH+Nd and After 5 cycles  of sorption desorption 37 
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 64 

 

Vibration 
MCH CH-POH 

CH-

POH+Nd 

After 5 

cycles 

 

O-H and N-H Str. 

(overlapped) 
3412 3267 3274 3263 

[1-7 ] 

C-H aliph. (str.)   2847, 2928   2917, 2848  2919, 2850 [8-12 ] 

C=O (amide) and   C=N- 

(overlapped) (str.) 
1637 1691, 1621, 

1552 
1569 

1698  
[13,14 ] 

1°/2° amines (bend) 1542 1575 [15,16 ] 

C-H asym. (bend) 1380 1431 
1396 

1415 [17,18 ] 

P=O (asym.)  1348 1370 [19,20] 

O-H (in-plane) bend 1161 1261, 1236 1147 1311 [21,22 ] 

P(O) (phosphate(str.))  1053 1126 1137 [19] 

C-O, C-O-C and C-N (str.) 1019 1006 1024 1024 [23 ] 

P-O-C (str.)  908 946, 890 892 [19] 

-(CH2)n- rocking 882 827 811 795 [24 ] 

P-O-C (str.)  609 
617 

596 [19,20] 

Fe-O 570 561 549 [25 ] 
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Table S2. Elemental analysis of MCH and CH-POH sorbents 65 

 C N H O Fe P 

MCH [%] 27.35 4.12 5.06 30.22 33.25 0 

MCH [m mol] 22.77 2.94 50.2 18.89 5.95 0 

MCH-NPOH [%] 22.96 5.58 4.98 36.92 26.61 2.95 

M MOL [m mol] 19.12 3.98 49.4 23.08 4.76 0.95 
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              Table S3a. Reminder on equations used for modeling sorption isotherms [26-28]. 101 

Model Equation Parameters Ref. 

Langmuir 𝑞𝑒𝑞 =
𝑞𝑚,𝐿𝐶𝑒𝑞

1 + 𝑏𝐿𝐶𝑒𝑞

 

qm,L (mmol g-1): Sorption 

capacity at saturation 

of monolayer 

bL (L mmol-1): Affinity 

coefficient 

[26] 

Freundlich 𝑞𝑒𝑞 =  𝑘𝐹𝐶𝑒𝑞
1/𝑛𝐹 

kF and nF: empirical parameters 

of Freundlich equation 
[26] 

Sips 𝑞𝑒𝑞 =
𝑞𝑚,𝑆𝑏𝑆𝐶𝑒𝑞

1/𝑛𝑆

1 + 𝑏𝑆𝐶𝑒𝑞
1/𝑛𝑆

 

qm,L, bS and nS: empirical 

parameters of Sips equation 

(based on Langmuir and 

Freundlich equations) 

[26] 
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                  Table S3b. Reminder on equations used for modeling uptake kinetics [26,29] [30].  131 

Model Equation Parameters Ref. 

PFORE 𝑞(𝑡) = 𝑞𝑒𝑞,1(1 − 𝑒−𝑘1 𝑡) 

qeq,1 (mmol g-1): sorption 

capacity at equilibrium 

k1 (min-1): apparent rate 

constant of PFORE 

[30] 

PSORE 𝑞(𝑡) =
𝑞𝑒𝑞,2

2 𝑘2𝑡

1 + 𝑘2𝑞𝑒𝑞,2𝑡
 

qeq,2 (mmol g-1): sorption 

capacity at equilibrium 

k2 (g mmol-1 min-1): 

apparent rate constant of 

PSORE 

[30] 

RIDE 

𝑞(𝑡)

𝑞𝑒𝑞

= 1 − ∑
6𝛼(𝛼 + 1)exp (

−𝐷𝑒𝑞𝑛
2

𝑟2 𝑡)

9 + 9𝛼 + 𝑞𝑛
2𝛼2

∞

𝑛=1

 

With qn being the non-zero roots of 

tan 𝑞𝑛 =
3 𝑞𝑛

3+ 𝛼𝑞𝑛
2and   

𝑚 𝑞

𝑉 𝐶0
=

1

1 + 𝛼
 

De (m2 min-1) : Effective 

diffusivity coefficient  
[29] 

(m (g): mass of sorbent; V (L): volume of solution; C0 (mmol L-1): initial concentration of the solution). 132 

Akaike Information Criterion, AIC:  133 

𝐴𝐼𝐶 = 𝑁 ln (
∑ (𝑦𝑖,𝑒𝑥𝑝. − 𝑦𝑖,𝑚𝑜𝑑𝑒𝑙)

2𝑁
𝑖=0

𝑁
) + 2𝑁𝑝 +  

2𝑁𝑝(𝑁𝑝 + 1)

𝑁 − 𝑁𝑝 − 1
 134 

Where N is the number of experimental points, Np the number of model parameters, yi,exp. 135 

and yi,model the experimental and calculated values of the tested variable. 136 
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Table S4. XRF analysis of the study ore materials. 149 

Major oxides (%) Wt. (%) Trace elements ppm 

SiO2  76.51 U 1117 

Al2O3 8.56 REE 1296 

TiO2 0.95 Mn 35.4 

Fe2O3total 3.26 Zn 86.4 

CaO 1.19   

MgO 0.45   

Na2O  0.43   

K2O 1.18   

P2O5 0.49   

L.O.I 5.68   

Total  98.7   

 150 
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Table S5.  Chemical composition of the prepared carbonate leach liquor at (pH=0.3) 165 

Constituent Conc. (mg/L) Constituent Conc. (mg/L) 

Fe 2690 Ca 448 

Al2O3 2538 U 388 

Mg 350 REE 451 

 166 
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 192 

Figure S1. The full range of the FTIR spectra. 193 
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 206 

Figure S2. DrTG of chitosan magnetite (MCH) and functionalized sorbent (CH-POH)  207 
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  222 

Figure S3. Speciation diagrams for Nd(III) under the experimental conditions  223 
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 243 
Figure S4. EDX analysis of the CH-POH after Nd(III) sorption 244 
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 264 

 265 

Figure S5. The unfitted profiles of the PSORE and RIDE for CH-POH sorbent, (pH0: 4; C0: 0.36 mmol 266 

Cd L-1; SD: 0.66 g L-1; T: 21 ±1 °C; v: 210 rpm). 267 
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 289 

Figure S6. Total sorption capacity of CH-POH in polymetallic equimolar solution under VL(a) 290 

and (UV) conditions 291 
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