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Table S1 Distribution of total REEs in different samples

ms/mg L3203 CCOZ PI'6011 Nd203 Sm203 Eu203 Gd203 Tb407 DyZO:; H0203 EI'203 Tm203 Yb203 Lu203 Y203

#1 201 471 1683 222 1254 472 138 839 121 6.04 097 206 019 086 0.10 37.77

#2 1.82 471 17.03 227 1248 506 147 861 124 6.11 098 206 020 087 0.10 36.80

#3 209 462 1693 226 1238 496 144 837 120 596 095 199 0.19 084 0.10 37.81

#4 208 452 1231 149 788 337 112 752 123 689 123 279 028 123 0.15 4799

#5 .78 7.16 1439 219 953 288 081 6.18 1.19 6.01 1.16 269 030 132 023 4394

#6 196 452 1231 149 788 337 112 752 123 689 123 279 028 123 0.15 4799

#7 207 406 853 1.06 485 163 060 448 081 513 1.16 331 042 218 029 61.50

#8 243 398 927 1.07 563 247 088 608 1.04 651 128 305 032 144 0.17 56.82

#9 1.97 432 1096 142 733 292 101 671 111 634 1.19 280 029 132 0.17 52.11
powderl 208 486 1333 183 954 368 113 7.19 113 6.18 1.11 256 027 125 0.16 4578
powder2 147 454 1359 176 931 3,68 115 7.15 111 6.09 1.09 254 026 123 0.16 4631
Particle average 473 13.17 172 894 349 109 7.1 .14 621 113 262 027 125 0.16 4697
Powder average 467 1349 179 940 368 115 7.16 1.12 6.13 110 255 026 124 0.16 46.10

Traditional digestion 96.8 438 1338 1.64 886 365 111 6.65 106 569 104 236 025 1.17 0.14 48.62
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Figure S1 Mass spectra of 15 REEs from one sample
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Figure S2 The calibration curves of 15 REEs



- Standard Method b)

[ standard Method
B This Method

I 1his Method

12 0.10

0.08

wing-g!

wipg-g!

0.04

Tb Ho Er Tm Yb Lu

0.00

Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Elements Elements

C) - Standard Method
i [ This Method

- Standard Method

I This Method

Pr Eu Tb Ho Tm Yb Lu Pr Eu Tb Ho Tm Yb Lu

Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Elements Elements

[ Standard Method
I This Method 03]

Pr Tb Ho Er Tm Yb Lu

Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Elements

Figure S3 The fractional amount of 15 REEs and the accuracy of the analytical results
obtained by the standard method and this method involved samples

a) Water soluble, b) Exchangeable, c) Reducible, d) Oxidable, e) Crystalline

These solutions: a) 5 mL water; b) 5 mL 0.3 mol/L NH4Ac; ¢) 5 mL 0.1 mol/L NH,OH-HCI ; d)
0.1 mol/L HNO; + 1% H,0, (mixture); ¢) SmL 0.1 mol/L HF and 3 mL 1 mol/L HNOj;
(respectively) were injected into the sample chamber at the flow rate of 0.3 mL/min by a
peristaltic pump to dissolve REEs corresponding to different elementary fractions (Water soluble,
Exchangeable, Reducible, Oxidable, Crystalline). Each fraction of the extracts was collected
separately and then follow the GB/T 14506 (detailed in manuscript section 2.4) to digest step
wisely. Finally transfer digests to volume flask and bring to 10 mL waiting for ICP-MS detection.



By compare the concentration from this standard method and the results obtained from our method
the accuracy of the analytical results obtained by the standard method and this method involved
samples are shown in figure S3
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Figure S4 Ratio detected using our method and standard method. C1 means the
concentration of sum up all the fraction obtained by our method and C2 means the
concentration of sum up all the fraction obtained by the standard method detailed in figure

S3



