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Table 1 ~ Analytical results of the homogeneity test for monitoring samples

R .

SR La Ce Pr Nd Sm Fu Gd Th Dy Ho Er Tm Yb Lu Y

%

)_(( %10 -) 462.2 4.8 97.5 383.1 69.3 6.2 59.5 9.7 45.2 7.5 17.4 2.1 13.2 1.6 275.4

0, 150.1  0.007 111.5 368 22.8 0.1 17.2 0.3 13.6 0.5 0.6 0. 006 0.4 0.003  20.1

HS -1 0, 232.5  0.07 46.1 186.5 34.2 0.09 10.1 0.1 5.9 0.4 2 0.03 0.8 0.004 109.6
F 0.51 0.08 1.91 1.56 0.53 0.87 1.35 2.01 1.82 0.93 0.22 0.17 0.37 0.52  0.14

RSD( %) 1.08 0.73 4.42 2.04 2.81 2.11 2.84 2.13 3.33 3.92 1.76 1.44 1.90 1.32 0.66

)}( x106) 851.6  46.6  226.7 849.4 108.4 6.7 54 6.4 24.6 4.2 12.5 1.5 7.5 0.96 94.4

0, 329.9 26,4 266.7 1697.9 12.7 0.05 31.4 0.03 0.2 0.05 0.3 0.002 0.2 0.0009 38.4

HS -2 0, 1523.1  15.9  105.3 1425.2 19.3 0.03 12.9 0.02 0.4 0.02 0.1 0.005 0.3 0.004 19.4
F 0.17 1.31 2.00 0.94 0.52 1.80 1.93 1.06 0.42 1.92 1.70 0.26 0.55 0.16  1.56

RSD(%)  0.87 4.50 2.94 1.98 1.34 2,52 4.24 1.85 0.77 4.43 4.44 4.84 2.44 1.28  3.50

i’( x1076) 920.9 28.9  262.2 804.8 112.4 7 41.6 4.6 17.7 2.8 8.8 0.8 5.6 0.7 59.3

0, 2672.5 3.2 544.5  668.1 4.5 0.09 37.2 0.6 1.6 0.05 0.001 0.001 0.3 0.002 28.5

HS -3 0, 1225.1 2.1 485.8  456.4  29.3 0.08 33.5 0.2 4.8 0.02 0.5 0.003 0.2 0.0007 47.8
F 1.72 1.20 0.88 1.16 0.12 0.90 0.88 2.06 0.26 1.96 0.00 0.36 1.33 2.03  0.47

RSD(%)  2.29 2.54 3.63 3.80 0.77 1.79  4.98 4.81 290 4.22 0.18 1.69 4.21 2.57  3.68

X (x10-6) 1019 9.4 16.8 56.6 10.2 2.1 13.3 2.1 11.4 2.1 5.5 0.5 3.3 0.4 64.6

(3 56.7 0.3 2.76 17.8 0.3 0.02 0.8 0.03 0.09 0.0001 0.07 0.0002 0.1 0.002 15.5
BZ -1 0, 96.4  0.004 2.16 31.4 2.2 0.03 0.8 0.04 0.06 0.0005 0.1 0.0009 0.1 0.0008 8.5
F 0.46 1.68 1.01 0.45 0.10  0.39 0.80  0.60 1.28 0.21 0.56 0.20  0.75 1.57  1.44

RSD(%) 3.0l 4.40 4.04 3.05 2.18 2.57 2.77 3.54 2.52 2.53 1.95 4.40 414 433 419
)}( x1076) 158.4 5.5 2.4 1042 17,1 3.2 19.7 2.5 14.4 2.8 7.4 0.9 4.8 0.6 71.8

0, 81.9 0.4 3.71 24.5 0.7 0.003 3.4 0.01 0.02 0.04 0.04 0.0006 0.01 0.001 1
BZ -2 0, 33.6 0.2 1.52 9.1 1.92 0.02 1.5 0.005 0.4 0.02 0.06 0.002 0.02 0.0008 5.7
F 1.93 1.57 1.93 2.13 0.29 0.18 1.74 1.80 0.06 1.64 0.57 0.31 0.58 .32 0.14

RSD(%)  2.99 3.98 2.68 1.94 2.00 0.77 4.97 2.33 0.45 4.87 1.13 4.63 0.90 2.68 0.57
)_(( x10-6) 270.8  13.3 57.1 206 29.6 4.3 23.3 2.3 11.1 2.1 5.6 0.6 3.6 0.4 53

0, 253.5  0.01 91.6 16.7 6.4 0.02 1 0.02 0.2 0.1 0.7 0.003 0.1  0.0006 10.9
BZ -3 0, 203.2 0.3 54.7  46.7 4.1 0.01 0.4 0.008 0.3 0.007 0.3 0.003 0.1 0.001 5.6
F 0.98 0.03 1.32 0.28 1.25 1.58 2.03 2.15 0.47 1.37 2.04  0.97  0.65 0.44 1.54

RSD(%)  2.40 0.33 4.00 0.81 3.50 1.68 3.35 4.69 1.42 4.12 4.49 4.27 3.89 2,93 3.35
X (x1079) 44.5 1.4 16.7 90.7 57.2 0.4 60.2 9.9 52.8 9.6 30.1 4.4 27.3 3.9 237.7

0, 1.8 0.002  0.33 13.5  114.2  0.001 9.6 0.5 21.5 0.1 8.6 0.09 2.3 0.01  230.3
Cl-1 0, 3.7 0.002  0.54 22.17 78.1 0.0003 26.3 0.2 10.9 0.1 7.3 0.03 1.3 0.04 924.2
F 0.40 0.69 0.49 0.47 1.15 2.12 0.29 1.98 1.99 0.97 0.93 1.98 1.46 0.27  0.20

RSD(%) 1.26 1.28 1.41 1.65 7.63 4.29 2.11 4.58 4.05 2.43 3.99 4.44 2.28 1.22 2.6l

X (x10°%) 425.7 15.2  101.8 336.8 71.2 5.6 46.3 6.5 21.3 4.5 9.7 1.1 5.4 0.7 102.3

0, 400.4 0.2 134.5 1309.4 18.7  0.06 28 0.08 0.2 0.04 0.4 0.002 0.05 0.002 213.6
C]-2 0, 1055.3 0.1 122.5 753.8 24.2  0.03 1.4 0.03 3.6 0.02 0.3 0.001  0.02  0.001 170.3
F 0.30 1.88  0.87 1.37 0.61 1.36 1.94 2,12 0.05 1.88 1.13 1.67 1.72 .19 0.99

RSD(%) 1.92 2.99 4.65 4.38 2.48 3.72 4.86 3.79 0.74 4.46 2.7 4.83 4.04 2.82  4.83
)_(( x10-6) 342.8  12.4 78.8  249.7 55.8 6.9 56.7 10 64.4 11.7 33.4 3.8 24.4 3.4 315.3

0, 221.9 0.5 68.9 48.9 14.2 0.07 17.5 0.2 6.8 0.7 1.1 0.1 1.4 0.01  529.5

CJ-3 0, 118.8 0.2 93.2 87.3 8.7 0.12 7.8 0.1 5.7 0.3 3.2 0.08 1.6 0.04 338.5
F 1.47 1.85 0.58 0.44 1.29 0.48 1.75 1.87 0.95 1.70 0.28 1.07 0.67 0.30 1.23

RSD(% ) 1.77 2.45 4.30 1.14 2.76 1.60 4.12 4.12 4.11 2.88 1.29 4.23 1.97 1.44  2.98

Vs XOWRBETRI Q) AU F; 0 WAL FSiitts RSD JgHIXHRIER -

F 5% WERSEMERSEOMNF A AR R R R WL 0 B P O PR ™ i

SRR, oA E MR AR A2 SIPEAT 5 20K PRI 5 PR R A i 1 , A s ) Joi 1 A o 7
2.2 WPERERE vERR S HAHEA T ARG E P PPA , 8 42 ) o P L

FeUE MR AR EMUE I (] B MR B A0 T b BEATRUE TR . W IR AL R E TE PP T i B
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Table 2 Analytical results of the long — term stability test for monitoring samples

S8 La Ce Pr Nd Sm Fu Gd Th Dy Ho Er Tm Yb Lu Y

X(x10-%) 5165 5.4 9.9 3548 744 68 666 9.0 493 79 188 20 1.2 L5 225
Bi -7.902 -0.063 -1.269 -4.616 -0.738 -0.051 -1.079 -0.074 -0.256 -0.099 -0.197 -0.016 -0.148 -0.006 -3.143

HS-1 By 611.273 6.131 115.115 410.186 83.214 7.422 79.546 9.920 52.329 9.076 21.199 2.218 12.965 1.529 260.182
s(B)) 3450 0.093 0.258 0.878 0.163 0.022 0.113 0.029 0.192 0.011 0.077 0.003 0.021 0.001 1.543
lo.osXs(B) 43.810 1.181 3.281 11.149 2.070 0.281 1.439 0.369 2.440 0.144 0.975 0.040 0.272 0.016 19.5%
X(x10-6) 9515 425 230.1 8524 108.0 6.4 495 49 276 40 131 L2 73 L0 956

B -8.136 -0.350 -1.297 -3.568 -0.991 -0.014 -0.641 -0.021 -0.352 -0.002 -0.246 0.000 -0.002 0.001 -0.613

HS-2 By 1049.118 46.672 245.682 895.204 119.924 6.618 57.181 5.163 31.821 4.029 16.090 1.187 7.293 0.939 102.917
s(B) 10139 0.328 1344 4.581 0.572 0.04 0.430 0.002 0.212 0.020 0.146 0.004 0.028 0.003 0.422

lo.0s Xs(B)) 128.763 4.171 17.064 58.184 7.261 0.564 5.461 0.027 2.692 0.260 1.853 0.051 0.351 0.036 5.364
X(x10-6) 1003.2 295 2236 807.1 131 67 4.6 35 199 28 97 08 51 07 69

B -5.585 -0.128 -0.915 -2.283 -0.680 -0.004 -0.314 -0.009 -0.250 0.004 -0.141 0.003 0.017 0.002 -0.287

HS-3 By  1070.210 31.039 234.605 834.469 121.292 6.748 46.407 3.629 22.891 2.707 11.371 0.808 4.942 0.635 65.346
s(B) 10795 0.212 1.274  4.811 0.564 0.037 0.257 0.017 0.163 0.010 0.184 0.004 0.022 0.001 0.322

lo.os X $(B) 137.096 2.690 16.183 61.104 7.164 0.467 3.266 0.219 2.070 0.132 2.342 0.054 0.276 0.015 4.084
X(x10-%) 9.6 97 167 5.1 105 21 1.8 L9 1.2 21 54 06 30 04 709

B -0.715 -0.019 -0.074 -0.199 -0.042 -0.007 -0.052 -0.002 -0.028 -0.002 -0.009 0.000 -0.002 0.000 -0.323

BZ -1 Bo  103.195 9.978 17.554 59.493 11.049 2.228 12.386 1.908 11.508 2.094 5.480 0.582 3.054 0.371 74.769
s(B)  0.841  0.048 0.133 0.376 0.062 0.010 0.074 0.007 0.063 0.007 0.028 0.002 0.008 0.000 0.467

to.0s X $(B1) 10.675 0.613 1.693 4.770 0.793 0.126 0.936 0.094 0.798 0.091 0.357 0.026 0.106 0.004 5.931
X(x10-6 1741 63 316 9.4 173 33 166 23 143 25 69 08 44 05 8LS

B -1.698 -0.025 -0.324 -1.030 -0.209 -0.020 -0.188 -0.007 -0.147 —0.005 -0.044 -0.003 -0.010 0.000 -0.565

BZ-2 By 194.453 6.578 35.461 111.716 19.855 3.508 18.866 2.402 16.046 2.612 7.429 0.838 4.561 0.548 88.259
s(B))  1.858 0.011 0.408 0.570 0.071 0.019 0.079 0.014 0.056 0.012 0.044 0.003 0.019 0.003 0.577

lo.os Xs(B)) 23.594 0.146 5.187 7.235 0.904 0.243 1.001 0.180 0.714 0.147 0.563 0.042 0.236 0.034 7.326
X(x10-6) 278.5 147 ST.4 1953 294 43 181 20 1.2 20 57 0.6 35 04 495

B -3.127 -0.089 -0.536 -1.787 -0.357 -0.035 -0.248 -0.005 -0.114 -0.009 -0.065 -0.003 -0.017 -0.001 -0.602

BZ-3 By 316.050 15.804 63.866 216.697 33.727 4.730 21.030 2.015 12,580 2.080 6.513 0.657 3.752 0.439 56.739
s(B) 2035 0.154 0.470 1.454 0.205 0.037 0.164 0.025 0.124 0.019 0.086 0.006 0.035 0.003 0.055

lo.os X S(B1) 25.847 1,962 5.968 18.461 2.608 0.469 2.083 0.323 1.581 0.240 1.086 0.071 0.450 0.040 0.703
X(x10-% 4.9 18 173 803 527 0.4 638 9.0 493 94 2.1 39 244 3.6 2678

B -0.572 0.012 -0.101 -0.570 -0.458 -0.002 -0.491 —0.035 -0.224 -0.036 -0.062 -0.010 -0.060 -0.005 -1.816

-1 Bo  56.761 1.603 18.555 87.150 58.201 0.413 69.727 9.384 52.005 9.868 27.808 4.047 25.131 3.708 289.626
s(B))  0.53 0.002 0.127 0.577 0.318 0.002 0.513 0.048 0.320 0.030 0.157 0.018 0.118 0.014 1.871
lo.0sXs(B) 6.787 0.029 1.608 7.324 4.035 0.029 6.516 0.607 4.070 0.383 1.995 0.230 1.497 0.174 23.760
X(x10-6) 4727 169 9.4 336.7 619 53 499 58 282 43 100 09 53 0.7 106.4

B -4.891 -0.155 -0.918 -2.824 -0.690 -0.034 -0.537 -0.046 -0.279 -0.034 -0.107 -0.004 -0.025 —-0.001 -0.670

Cl-2 By S31.381 18.774 107.425 370.632 70.190 5.705 56.393 6.394 31.566 4.713 11.255 0.972 5.648 0.722 114.396
s(B) 5422 0.174 0.593 2.287 0.276 0.043 0.273 0.018 0.217 0.019 0.113 0.006 0.035 0.005 0.118

lo.0s Xs(B)) 68.865 2.208 7.529 29.049 3.510 0.545 3.470 0.230 2.760 0.236 1.441 0.081 0.440 0.059 1.501
X(x10-%) 3828 138 751 2617 558 .1 60.4 9.7 5.3 1.0 30.8 41 250 3.4 356.6

B -3.982 -0.060 -0.609 -1.678 -0.588 -0.043 -0.750 -0.085 -0.495 -0.096 -0.282 -0.030 -0.191 -0.006 -3.210

cr-3 By 430.630 14.605 82.402 281.826 62.839 7.563 69.410 10.676 63.229 12.143 34.213 4.450 27.321 3.466 395.093
s(B)) 448 0.123 0.507 1.730  0.329 0.056 0.421 0.053 0.359 0.037 0.221 0.015 0.140 0.023 2.069
fo.0sXs(B1) 56.978 1.568 6.435 21.973 4.172 0.708 5.352 0.675 4.557 0.471 2.803 0.191 1.783 0.288 26.276

Ve X RIRIET: By F1 By A ZEL: s(By) By HUBRUENIZE s 10,052 F1 HIFE 0.05 F iy ¢ AT,
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Table 3  Certified values and uncertainty for monitoring samples
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La 453.9 £33.2 507.3 £47.3 542.3 +48.3 79.3 £8.2 152.8 £15.1 242.3 +£24.5 35.7+5.1 429.5+17.6 341.4 £28.7
Ce 4.4+0.5 29.2+£3.9 28.0+1.8 9.6x0.3 6.2+0.1 13.9+£0.2 1.5+0.1 16.3 0.5 10.7 £1.5
Pr 83.0+£14.6 260.1+24.8 245.8+12.7 12.8+1.8 27.2+2.9 48.5+8.3 15.8+2.0 65.9+4.2 68.4+11.3
Nd 321.4 £51.8 754.2£36  720.0+12 57.6+5.5 93.4+13.0 206.1+3.7 75.2+10.9 308.5+35.2 213.9+32.9
Sm 50.8 £9.6 90.8 £12.8 114.3+£24.5 10.5+1.1 16.5+1.8 23.7x4.1 51.0+4.9 53.6+6.6 45.7+6.9
Eu 6.7+0.8 6.9+0.6 6.7x1.0 1.9 £0.1 2.7+0.2 4.1+0.4 0.4+0.02 5.4+0.2 6.6+0.7
Gd 64.1+16.6 48.7+7.3 76.1+9.1 9.8+1.1 15.2+1.9  20.3+2.7 57.7+7.0 45.6+6.4 59.1=+x10.1
Th 6.8+1.6 6.1+0.4 4.7+1.1 1.9+0.1 2.2+0.3 2.3+0.1 8.7+1.0 5.1+0.8 7.8+1.3
Dy 41.2 £8.0 22.6 £3.7 19.4 £2.9 9.3+1.5 14.1+0.4 11.1£0.2  53.5+5.4 28.4+£3.0 57.8x7.4
Ho 5.1+0.9 4.2+0.3 3.1+0.3 2.0+0.1 2.3+0.3 1.9+0.1 7.5+1.2 4.3+0.4 11.3+1.4
Er 12.6 1.9 9.7+1.4 8.7+1.7 5.1+0.3 7.2+0.4 5.1+0.6 21.8+4.0 9.3+0.7 29.4 £4.3
Tm 1.9+0.4 1.3+0.1 0.7+0.1 0.7 +£0.01 0.8+0.1 0.4 0.1 3.3+0.6 1.1+0.1 3.8+0.7
Yb 7.3+1.5 6.5+1.4 5.1+1.1 2.9+0.3 4.6+0.4 3.2+0.3 21.7 £4.5 5.5+0.7 22.4 £4.7
Lu 1.6 0.1 1.3+0.1 0.5+0.1 0.5+0.03 0.5+0.07 0.3+0.06 3.9£0.5 0.7 +0.1 3.5+0.4
Y 187.1+35.4 94.3+15.4 52.8+8.0 62.1+x4.2 70.9+£8.6 43.9+7.5 182.4+34.7 96.6+11.1 316.7 £49.6
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Preparation of Ion — adsorption Type REE Monitoring Samples

ZHANG Lei, LI Ying — chun, QU Wen —jun, ZHOU Wei, SHANG Wen —yu, YI Qin
( National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) Preparation of 9 ion — adsorption type REE monitoring samples and 15 elements were characterized as certified
values.

(2) The homogeneity, stability and certified values met the requirements of JJF 1343—2012.

(3) The preparation of monitoring samples layed a foundation for improving the rare earth reference materials system.
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ABSTRACT

BACKGROUND:; Ion — adsorption type rare earth ore is extremely important in China and rare in the world. It is
China’ s dominant mineral resource. At present, all the rare earth elements in the existing REE reference materials
are oxide minerals, not ion — adsorption type, and cannot be exchanged with strong electrolytes. These reference
materials cannot be used to monitor the leaching process of ion — adsorption type REE.

OBJECTIVES: To meet the needs of exploration and evaluation of ion — adsorption type REE resources by
preparing nine ion — adsorption type REE monitoring samples in accordance with the JJF 1343—2012 * General and
Statistical Principles for Characterization of Reference Materials’ .

METHODS ; The samples were collected from the typical ion — adsorption type REE weathering crust in Jiangxi
Province. After being dried and ball — milled to 200 mesh, they were mixed for 1. 5h. The contents of rare earth
elements in the ionic phase were analyzed to test the homogeneity by ammonium sulfate leaching and inductively
coupled plasma — mass spectrometry (ICP - MS).

RESULTS: Results showed that the F values for the variance test were less than the threshold, which indicated a
good homogeneity. The stability of monitoring samples was tested 4 times in two years, and no statistically
significant changes were observed, indicating good stability of the samples. An accurate and reliable leaching
analytical method was used in 8 technologically significant laboratories to finalize the contents of ionic phase rare
earth elements. The determined values of nine monitoring samples were given by statistical calculation, including
weighted average value and total uncertainty results which were from uncertainties in certified values, between —
bottle homogeneity and long — term stability. These nine monitoring samples have certified values of 15 ionic phase
rare earth elements except Sc.

CONCLUSIONS:: The reference materials can be used to monitor the leaching process and provide metrological
support for the analysis of rare earth elements in ionic phase during the evaluation and effective utilization of REE

mineral resources.

KEY WORDS: ion — adsorption type rare earth elements; leaching; monitoring samples; certified value
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