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Supplementary material

$1: Remaining mean metal concentrations (+ SD) after 1, 2, 4, 6 and 24 hours after extraction at room temperature from 10
mg/L feed solutions for La, Ce, Nd, Ho and Lu (n = 3) and mean extraction efficacies (e.e.) (+ SD, n = 3).

Lanthanum Cerium Neodymium
time (h) ¢ (mg/L) e.e. (%) c(mg/L) e.e. (%) c(mg/L) e.e. (%)
1 793 + 0.18 2132 + 1.76 778 + 0.33 16.41 + 3.55 725 + 034 2261 + 3.62
2 697 + 0.16 2355 + 1.80 6.09 + 0.38 3391 + 4.18 594 + 048 3810 + 5.04
4 381 + 041 60.22 + 4.28 358 + 0.22 61.67 + 232 371 + 0.21 61.82 + 2.18
6 283 + 0.36 69.63 + 3.87 188 + 0.87 79.51 + 9.50 182 + 0.84 85.63 + 224
24 082 + 0.04 88.80 + 0.54 0.15 + 0.02 98.39 + 0.26 0.15 + 0.04 98.32 + 041

Holmium Lutetium

time (h) ¢ (mg/L) e.e. (%) ¢ (mg/L) e.e. (%)

1 866 + 0.25 16.28 + 244 713 + 0.65 2576 + 6.81

2 755 + 0.27 2754 + 262 564 + 0.04 4091 + 0.39

4 6.08 + 0.37 4869 + 3.14 3.13 + 0.08 6765 + 0.86

6 3.79 + 0.39 64.21 + 3.68 1.25 + 0.22 87.05 + 230

24 3.74 + 047 62.29 + 4.76 0.38 * 0.08 96.17 + 0.78

$2: Extraction efficacies of the TSIL [Pgee14][HNA] and of commonly used extractants. The exponents refer to the references in
the publication.

Extractant Type REE Efficiency Reference

CA-12 Carboxylic acid Y >95% Li et al. 200633
Versatic 911 Carboxylic acid Ce* <100 % Ray et al. 198134
D2EHPA Organophosphorous acid La, Ce, Pr, Nd 80-100 % Basualto et al. 201335
Cyanex 272 Organophosphorous acid La, Ce, Pr, Nd 20 -100% Basualto et al. 20133°
TODGA Glycol amic acid Lanthanides 91 - 99% Yuan et al. 201836
DODGAA Glycol amic acid Lanthanides <100 % Shimojo et al. 201637
Primene JM-T Primary amine Y, Tb, Dy, Ho, Er 64 -77% Abreu et al. 201438
N1923 Primary amine REE 90 - 100% Su et al. 20203°

[Pees1a] [HNA] TSIL Lanthanides 62% (Ho) —98 % (Nd, Ce) this work



$3: Remaining mean metal concentrations (+ SD) after 1, 2 and 4 hours after extraction at 20°C and 30°C from 10 mg/L single
element feed solutions for Ce and Nd (n = 3) and remaining mean metal concentrations (+ SD) after extraction at 30°C from 10
mg/L double-element feed solutions for Ce and Nd (n = 3), including the respective mean extraction efficacies (e.e.) (+ SD, n =
3).

Cerium Neodymium Cerium & Neodymium
time (h) ¢ (mg/L) e.e. (%) c (mg/L) e.e. (%) ¢ (mg/L) e.e. (%)
Ce at 20°C Nd at 20°C Ce at 30°
1 778 + 033 16.41 + 355 6.85 + 0.80 1987 + 9.36 3.27 + 045 4736 + 7.32
6.09 + 0.38 3391 + 417 550 + 0.19 3557 + 222 127 + 0.05 8592 + 0.59
4 358 + 0.22 61.67 + 232 333 + 0.19 60.81 + 2.23 116 + 0.19 86.74 + 214
Ce at 30°C Nd at 30°C Nd at 30°C
1 698 + 0.38 2448 + 4.07 426 + 0.58 4958 + 6.81 332 + 049 56.07 + 6.54
557 + 0.22 36.67 + 2.52 168 = 0.37 80.19 + 439 112 + 0.12 8788 + 1.27
4 222 + 0.14 7447 + 3381 094 + 0.05 8889 + 0.63 085 + 0.17 90.72 + 1.83

S4: Mean metal concentrations (+ SD) after 24 hours of extraction at room temperature from 10 mg/L double-element feed
solutions of the elements La & Lu, La & Nd, Ce & Lu and Ce & Nd (n = 3), including the mean extraction efficacies (e.e.) (£ SD, n
= 3), and mean metal content (+ SD) after back-extraction experiments and the corresponding mean back-extraction efficacy
(b.e.e.) (£SD, n=3).

Extraction Back-extraction
element c (mg/L) e.e. (%) ¢ (mg/L) b.e.e. (%)
La 028 = 0.11 96.47 + 1.33 735 £ 0.20 7566 + 2.03
Lu 0.08 = 0.01 99.11 + 0.07 6.79 + 0.20 68.44 + 2.09
La 0.16 = 0.04 9757 + 0.67 546 = 031 5552 + 3.34
Nd 0.04 + 0.01 9886 + 0.01 3.18 = 0.19 37.81 + 7.45
Ce 0.10 * 0.04 98.42 + 0.65 487 + 0.68 4921 + 7.07
Lu 0.10 = 0.01 97.29 + 0.40 462 + 0.54 5049 + 1.22
Ce 0.15 = 0.04 98.13 + 0.44 3.27 + 0.26 33.21 + 2.67
Nd 0.07 = 0.03 99.23 + 0.30 3.52 + 042 3544 + 4.23

$5: Mean (+ SD) pH values in the aqueous phases after extraction for 1, 2 and 4 hours for Ce, Nd and Lu, initial pH = 2.5 (n = 3).

Ce 20°C Ce 30°C Nd 20°C Nd 30°C Lurt
time (h) pH pH pH pH pH
3.06 + 0.06 299 + 0.04 312 + 015 392 + 0.18 295 + 0.05
350 + 0.06 339 + 0.03 360 + 0.06 418 + 0.02 347 + 0.02
442 + 0.12 409 + 0.04 436 + 0.03 404 + 0.02 424 + 0.02

$6: Mean (+ SD) leaching of [Pses14] [HNA] during extractions at room temperature (23 + 1 °C) of La, Ce, Nd, Ho and Lu in % (n =
3).

La Ce Nd Ho Lu
time (h) leaching (%) leaching (%) leaching (%) leaching (%) leaching (%)
1 029 + 0.04 054 + 0.09 036 * 0.05 020 + 0.05 0.62 + 0.04
2 038 + 0.02 092 + 0.03 047 + 0.04 024 + 0.04 094 + 0.01
4 0.77 + 0.03 096 * 0.05 044 + 0.08 038 + 0.01 088 * 0.01
6 073 + 0.04 099 + 0.03 094 + 0.03 037 + 0.05 051 + 0.02
24 0.60 * 0.02 094 + 0.05 1.01 + 0.04 029 + 0.02 049 + 0.01



$7: Mean (x SD) leaching of [Pggs14][HNA] during single- and double-element extractions at 20 and 30°C for Ce and Nd in % (n =
3).

Ce 20°C Ce 30°C Nd 20°C Nd 30°C Ce&Nd 30°C
time (h) leaching (%) leaching (%) leaching (%) leaching (%) leaching (%)
1 093 + 0.03 093 + 0.01 0.73 + 0.07 0.65 + 0.01 1.04 + 0.12
2 1.07 + 0.03 098 + 0.02 0.88 + 0.01 0.75 + 0.02 0.80 <+ 0.03
4 1.08 + 0.08 0.74 = 0.02 0.89 + 0.02 071 + 0.02 0.72 + 0.04

$8: Mean (x SD) leaching of [Pggs14][HNA] during double-element extractions (e) at room temperature for 24 hours for La & Lu,
La & Nd, Ce & Lu and Ce & Nd in % (n = 3) as well as mean leaching (+ SD) during back-extraction experiments (b.e., n = 3).

La & Lu La & Nd Ce & Lu Ce & Nd
time (h) leaching (%) leaching (%) leaching (%) leaching (%)
24 (e) 0.78 + 0.03 0.78 + 0.01 095 + 0.02 070 * 0.02

2 (b.e) 0.13 + 0.01 0.11 + 0.03 009 + 0.03 0.08 + 0.01



