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Table 1 ~ Analytical results of elements treated with the mixed acid open dissolution
GBW07328 GBW07107 GBW07450 GBWO7311

o  HATE i  BIE o HEE i HIE
LM EEOTT mm | M S0 mR| L A% FE U mm|L . A HE U
|V wm ome G am D0 mmoomie e pm | wm e p G| WM mE T A
(we) TR FIE e W g B AR e WX e B ARy B g B AR A
(pe/e) (pe/s) (u/®) W (pe/g) (pe/s) (u/2) W (pe/e) (ne/g) (u/®) B (pe/g) (ug/g)(ug/g) s
(%) (%) (%) (%)
Y |15.3 12,1 119 12,5 -22.2| 26 20.4 18.9 22.8 -27.3| 27 2.1 21.7 24.3 -19.6 43 38.2 37.1 38.9 -13.7
La [32.5 28.4 27.0 28.4 -16.9| 62 53.6 53.7 55.2 -13.4 26 21.4 22.7 255 -12.7 30 24.4 23.2 27.1 -22.7
Ce |60.5 60.2 60.5 60.3 0.0|109 123 108 109 -0.9| 52 48.1 52.4 53.4 0.8 58 52.5 54.1 57.1 -6.7
Pr |6.94 6.69 6.68 6.72 -3.7[13.6 12.6 129 13.2 -51|64 555 623 634 -2.7|7.4 6.18 7.06 7.19 -4.6
Nd |25.7 26.1 26.6 25.7 3.5| 48 52.8 53.5 54.9 11.5) 25 24.7 27.5 26.5 10.0f 27 26.6 25.4 26.4 -5.9
Sm |4.49 4.64 4.75 4.39 58|84 837 832 84 -1.0[51 511 537 58 5362 627 617 630 -0.5
Eu [0.96 0.847 0.853 0.867 -11.1| 1.7 1.61 1.67 1.71 -1.8|1.13 0.966 1.02 1.06 -9.7| 0.6 0.478 0.510 0.588 —15.0
Gd |3.74 3.53 3.50 3.63 -6.4|6.7 6.90 6.87 6.93 2.51 4.7 4.55 4.81 4.97 2.3/ 5.9 6.07 6.07 6.04 2.9
Th |0.54 0.432 0.441 0.461 -18.3|1.02 0.899 0.917 0.933 -10.1) 0.8 0.634 0.698 0.702 -12.8 1.13 0.996 1.06 1.03 -6.2
Dy |2.94 2.81 2.71 2.85 -7.8|5.1 539 545 560 69|48 4.33 4.62 4.60 -3.7/7.2 7.26 7.30 7.30 1.4
Ho |0.58 0.437 0.455 0.464 -21.6|0.98 0.928 0.945 0.961 -3.6|0.98 0.785 0.819 0.838 -16.4 1.4 1.37 1.45 1.36 3.6
Er |1.64 1.46 1.43 1.49 -12.8|2.7 2.83 2.78 2.87 3.00 2.8 2.48 2.63 2.66 -6.1|4.6 4.41 437 4.42 -5.0
Tm [0.25 0.133 0.134 0.138 -46.4]0.43 0.302 0.328 0.324 -23.7/0.47 0.284 0.308 0.314 -34.50.74 0.623 0.631 0.722 -14.7
Yb [1.63 1.41 1.40 1.46 -14.1|2.6 2.59 2.61 2.69 0.4| 3 2.42 2.55 2.59 -15.00 5.1 4.90 5.07 5.07 -0.6
Lu [0.25 0.124 0.137 0.179 -45.210.41 0.33 0.31 0.32 -24.40.47 0.286 0.304 0.306 -35.3(0.78 0.643 0.660 0.754 -15.4
Nb |10.5 5.79 6.02 7.20 -42.7|/14.3 10.1 9.19 11.3 -35.7/11.4 9.28 8.96 9.25 -21.4 25 19.7 22.8 22.2 -8.8
Ta | 1.2 0.667 1.06 0.924 -11.7| 1 0.436 0.488 0.722 -51.2/0.84 0.582 0.617 0.514 -26.5 5.7 5.31 5.33 5.44 -6.5
Zr | 184 108 115 128 -37.5| 96 47.3 53.2 57.7 -44.6/ 190 162 157 164 -17.4/ 153 132 138 140 -9.8
HE [ 5.5 1.9 2.02 2.65 -63.3|2.9 1.45 1.36 1.62 -53.1] 5.5 3.22 3.58 4.22 -34.9 54 476 4.43 4.52 -18.0
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Table 2 Analytical results of elements using the national standard reference materials as standard curve

GBW07328 GBW07107 GBW07450 GBW07311
TR INE DEE NEME WEE NEME WEE . INE DEE
AlgC AlgC AlgC AlgC
(pg/’g)  (pg/g) (ng’g)  (pg/g) (ng/’g)  (pg/g) (ng/’g)  (pg/g)

¥y 15.3 14.9 0.012 26 27.1 0.018 27 26.4 0.010 43 43.2 0.002
14 32.5 32.7 0.003 62 63.1 0.008 26 25.9 0.002 30 29.6 0.006
140 e 60.5 60. 4 0.001 109 109 0.001 52 53.1 0. 009 58 57.9 0.001
141 py 6.94 6.84 0.006 13.6 13.6 0.001 6.4 6.39 0.000 7.4 7.51 0.007
HoNg 25.7 25.7 0.001 48 49.0 0.009 25 26.0 0.017 27 27.0 0.000
479 4.49 4.50 0.000 8.4 8.41 0.001 5.1 5.14 0.004 6.2 6.31 0.007
13 Euy 0.96 0.957  0.001 1.7 1.71 0.003 1.13 1.09 0.014 0.6 0.613  0.009
57Gd 3.74 3.68 0.007 6.7 6.80 0.006 4.7 4.76 0. 006 5.9 6.04 0.010
197 0.54 0.56 0.017 1.02 0.989  0.013 0.8 0.782  0.010 1.13 1.03 0.012
193Dy 2.94 2.95 0.002 5.1 5.10 0.000 4.8 4.74 0.006 7.2 7.31 0.006
1% Ho 0.58 0.591 0.008 0.98 0.975  0.002 0.98 0.988  0.004 1.4 1.39 0.005
166 oy 1.64 1.64 0.000 2.7 2.87 0.027 2.8 2.76 0. 006 4.6 4.59 0.001
19Tm 0.25 0.248  0.003 0.43 0.423  0.007 0.47 0.474  0.004 0.74 0.725  0.009
172yh 1.63 1.65 0.006 2.6 2.68 0.013 3 2.99 0.001 5.1 5.06 0.004
5L 0.25 0.249  0.002 0.41 0.409  0.001 0.47 0.48  0.015 0.78 0.75 0.015
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Table 3 Analytical results of elements using lithium metaborate as flux

GBW07328 GBWO07107 GBWO07450 GBWO07311

JLFR NEM M INEME WEE WEE  WEE WEE  WEE .
AlgC AlgC AlgC AlgC

(pg’g)  (ng’e) (pg’g)  (ng/e) (ng’g)  (ng/e) (ng’s)  (pg/)

8y 15.3 16.2 0.025 26 27.1 0.018 27 27.8 0.013 43 42.8 0.002
14 32.5 33.5 0.013 62 64.2 0.015 26 27.3 0.022 30 31.3 0.018
140 e 60.5 61.8 0.009 109 110 0.005 52 51.3 0. 006 58 56.3 0.013
141 py 6.94 6.72 0.014 13.6 11.3 0.080 6.4 6.27 0.009 7.4 7.61 0.012
140 Ng 25.7 24.4 0.023 48 46.5 0.014 25 27.3 0.039 27 28.4 0.023
47gm 4.49 4.61 0.012 8.4 8.56 0.008 5.1 5.02 0.007 6.2 6.11 0.006
SO 0.96 0.949  0.005 1.7 1.78 0.021 1.13 1.12 0.004 0.6 0.623  0.016
57Gd 3.74 3.86 0.014 6.7 6.78 0.005 4.7 4.39 0.029 5.9 6.18 0.020
197 0.54 0.561 0.017 1.02 1.14 0.049 0.8 0.822  0.012 1.13 1.32 0.068
16y 2.94 3.07 0.018 5.1 5.36 0.022 4.8 4.98 0.016 7.2 7.44 0.014
1% Ho 0.58 0.596  0.012 0.98 1.01 0.014 0.98 0.999  0.008 1.4 1.33 0.023
166 Er 1.64 1.66 0.004 2.7 2.59 0.017 2.8 2.92 0.018 4.6 4.77 0.015
19T 0.25 0.233  0.031 0.43 0.411 0.020 0.47 0.455  0.014 0.74 0.772  0.018
172yh 1.63 1.64 0.003 2.6 2.78 0.028 3 2.88 0.018 5.1 5.14 0.004
1 0.25 0.238  0.021 0.41 0.424  0.015 0.47 0.488  0.016 0.78 0.733  0.027
% Nb 10.5 4.72 0.347 14.3 8.53 0.224 11.4 6.16 0.267 25 11.4 0.343
181y 1.2 0.812  0.170 0.9 0.657  0.137 0.84 0.431 0.290 5.7 2.74 0.318
N7r 184 98.2 0.273 96 45.1 0.328 190 97.5 0.290 153 68.2 0.351
178 Hf 5.5 2.99 0.265 2.9 1.08 0.430 5.5 2.14 0.409 5.4 3.27 0.218
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Table 4  Analytical results of elements using lithium metaborate as flux and adding sodium hydroxide to alkalization

BRA, IF HH AR, i H a8 AU, TURE TR Pk
2l A B o BEIE X TR A IRIMOT IR IA
ol AT IR P 0 ME LAV ik O it A AR B A 00 7 55

QAT VR BRI 1 IR AN ST AN IE T 3

GBW07328 GBW07107 GBW07450 GBW07311
JLER YOEH  EE AleC INEME EE AleC INEE WEE AleC INEE WEE AleC
(he/e)  (pe/e) N 7 B ) Bl (nye) (nee) Bl (e (nee) £
8y 15.3 14.8 0.014 26 26.3 0.005 27 27.4 0.006 43 41.8 0.012
14 32.5 33.7 0.016 62 61.3 0.005 26 24.8 0.020 30 28.5 0.023
140 e 60.5 58.6 0.014 109 107 0.007 52 50.3 0.014 58 57.8 0.002
141 py 6.94 6.74 0.013 13.6 14.8 0.036 6.4 6.51 0.008 7.4 7.65 0.015
Mo Ng 25.7 26.2 0.009 48 50.2 0.020 25 24.9 0.000 27 26.5 0.007
478m 4.49 4.34 0.015 8.4 8.33 0.004 5.1 5.21 0.010 6.2 6.41 0.014
B Ey 0.96 0.962  0.001 1.7 1.67 0.007 1.13 1.23 0.036 0.6 0.631 0.022
157 Gd 3.74 3.88 0.016 6.7 6.78 0.005 4.7 4.54 0.015 5.9 6.05 0.011
197 0.54 0.519  0.017 1.02 0.992  0.012 0.8 0.778  0.012 1.13 1.14 0.005
193Dy 2.94 2.72 0.033 5.1 5.32 0.018 4.8 4.76 0.004 7.2 7.12 0.005
195Ho 0.58 0.566  0.011 0.98 0.973  0.003 0.98 0.973  0.003 1.4 1.44 0.012
10y 1.64 1.71 0.018 2.7 2.55 0.024 2.8 2.93 0.020 4.6 4.75 0.014
19T 0.25 0.233  0.029 0.43 0.452  0.022 0.47 0.455  0.014 0.74 0.731 0.005
2yh 1.63 1.67 0.011 2.6 2.76 0.027 3 2.87 0.019 5.1 5.38 0.023
75 L 0.25 0.273  0.038 0.41 0.408  0.002 0.47 0.462  0.007 0.78 0.765  0.008
3 Nb 10.5 9.38 0.049 14.3 13.8 0.016 11.4 10.9 0.020 25 24.3 0.013
1817y 1.2 1.30 0.035 0.9 0.879  0.010 0.84 0.794  0.024 5.7 5.54 0.013
07y 184 187 0.008 96 95.8 0.001 190 194 0.010 153 152 0.003
8 Hf 5.5 5.25 0.021 2.9 2.86 0.007 5.5 5.33 0.014 5.4 5.37 0.002
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Table 5 Detection limit of the method
o R (pg/g) Kt PR (pne/g)
TR |RATRMOT Sokmmm|| TCR RAERMOT BOE R
R TRELA T FRVET: TR T

9y 0.101 0.038 195 Ho 0.058 0.090
3La 0.095 0.087 16 kr 0.007 0.033
140 e 0.163 0.519 19Tm 0.002 0.087
4 pp 0.018 0.032 12Y} 0.005 0.036
146 Nd 0.084 0. 066 75y 0.001 0.072
47Sm 0.014 0.037 S Nb - 0.221
153 Eu 0.003 0.023 18y - 0.073
57Gd 0.003 0.106 N7y - 0.926
19ThH 0.010 0.085 178 4 - 0.063
183y 0.009 0.044
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Table 6 Accuracy and precision tests of the mixed acid open dissolution method and lithium metaborate alkali fusion method

IR BRMOTRRIF I

- GBW07328 GBW07107 GBW07450 GBWOT311
JCHR

IEM WEPHI o BSDVER WRPSE o BSD DNEE WEFE o RSD NER WETHE o RSD

(ng/’g)  (pg/g) (%) |(pg/e)  (ng/g) (%) |(pg/e)  (ng/g) (%) |(ng/g)  (ng/s) (%)
®Y | 153 147 0017 114 | 26 246  0.024 3.11 | 27 257 0.021 226 | 43 457 0.026 1.97
. | 32.5 301 0.033 7.91 | 62 60.9 0.008 4.26| 26 269 0.015 1.80| 30  28.6  0.021 2.21
e | 60.5  63.2  0.019 6.32 | 109 13 0.016 216 | 52 547  0.022 216 | 58 569  0.008 1.73
“pe | 6.94 678 0.010 6.64 | 13.6 132 0.013 457 | 6.4 629  0.008 1.93 | 7.4  7.19  0.013 1.46
WONd | 25.7 241 0.028 4.37 | 48 471  0.008 1.58 | 25 236 0.025 5.63 | 27 256  0.023 1.9
WSm | 449 462 0.012 8.85 | 8.4 816 0013 372 [ 5.1 524 0012 371 | 62  6.06 0.010 1.47

153y 0.96 0.993 0.015 2.57 | 1.7 1.57 0.035 7.96 | 1.13 1.23 0.037 4.30 | 0.6 0.717 0.077  2.95
15764 3.74 3.56 0.021 7.92 | 6.7 6.83 0.008 4.34 | 4.7 4.59 0.010 2.25 | 5.9 5.76 0.010 2.24
1597, 0.54 0.522 0.015 3.84 | 1.02 0.984 0.016 4.62 | 0.8 0.773 0.015 3.16 | 1.13 1.21 0.030 1.14
19py 2.94 2.73 0.032 6.26 | 5.1 5.24 0.012 2.93 | 4.8 4.67 0.012 2.81 | 7.2 7.04 0.010 1.72
165Ho 0.58 0.551 0.022 8.24 | 0.98 0.952 0.013  4.29 | 0.98 1.06 0.034 4.94 | 1.4 1.32 0.026 1.57
16 1.64 1.61 0.008 7.22 | 2.7 2.56 0.023 4.40 | 2.8 2.89 0.014 4.64 | 4.6 4.71 0.010 3.08
19Tm 0.25 0.234 0.029 2.43 | 0.43 0.417 0.013  5.51 | 0.47 0.493 0.021 5.76 | 0.74 0.729 0.007 2.57

172y}, 1.63 1.60 0.008 2.15 2.6 2.49 0.019 4.17 3 2.82 0.026 4.19 | 5.1 4.84 0.023 1.09
S 1025 0.227  0.042 2.59 | 0.41  0.424  0.015 4.92 | 0.47  0.492  0.020 2.63 | 0.78  0.746  0.019 3.56
A PR R Bl A v
B GBW07328 GBW07107 GBWO07450 GBWO07311
TR
NEM TE M AleC RSD [PAEf W M AlgC RSD [TAEfE W P31 AlgC RSD |PAEfd W F-4(H AlgC RSD
(ng/’g)  (pe/s) (%) |(pg/e)  (pg'e) (%) |(pg/e)  (ng/e) (%) |(pg/e)  (ng/e) (%)
8y 15.3 14.7  0.017 1.46 | 26 25.4  0.010 2.71 | 27 25.7  0.021 2.51 | 43 41,6 0.014 4.40
1391, | 32.5 3.1 0.019 2.52 | 62 60.6  0.010 3.94 | 26 25.4  0.010 1.74 | 30 3.7 0.024 2.62
140ce | 60.5 59.1  0.011 1.27 | 109 105 0.016 2.77 | 52 49.5  0.021 3.07 | 58 59.3  0.010 1.95

141py 6.94 6.62 0.021 1.76 | 13.6 14.4 0.025 3.82 | 6.4 6.28 0.008 2.19 | 7.4 7.51 0.006 1.41
146Nq 25.7 25.9 0.003 4.52 48 46.1 0.018 2.81 25 27.3 0.038 2.50 27 26.3 0.011 1.79
475m 4.49 4.37 0.012 1.97 | 8.4 8.07 0.017 4.73 | 5.1 5.33 0.019 6.48 | 6.2 6.08 0.008 3.77
133y 0.96 0.906 0.025 6.49 | 1.7 1.75 0.013 1.79 | 1.13 1.21 0.030 3.63 | 0.6 0.571 0.022 2.23
157Gd 3.74 3.77 0.003 3.73 | 6.7 6.46 0.016 2.08 | 4.7 4.58 0.011 2.97 | 5.9 6.23 0.024 5.01
15971, 0.54 0.556 0.013 1.53 | 1.02 0.944 0.034 1.17 | 0.8 0.831 0.017 1.81 | 1.13 1.24 0.040 4.33
19Dy 2.94 3.12 0.026 4.63 | 5.1 5.26 0.013 5.17 | 4.8 4.56 0.022 3.41 | 7.2 7.02 0.011 2.19
165H, 0.58 0.543 0.029 8.52 | 0.98 0.947 0.015 7.90 | 0.98 1.02 0.019 2.92 | 1.4 1.51 0.033 1.75
166y 1.64 1.62 0.005 3.79 | 2.7 2.74 0.007 6.46 | 2.8 2.84 0.006 6.09 | 4.6 4.68 0.007 3.10
19Tm 0.25 0.262 0.020 2.58 | 0.43 0.449 0.019 2.60 | 0.47 0.445 0.024 2.33 | 0.74 0.771 0.018 1.29
172y} 1.63 1.6 0.008 5.71 | 2.6 2.82 0.035 4.68 3 3.16 0.023 4.83 | 5.1 5.18 0.007 3.03
By 0.25 0.235 0.027 3.08 | 0.41 0.441 0.032 5.22 | 0.47 0.459 0.010 2.98 | 0.78 0.792 0.007 2.24
%Nb 10.5 11.2 0.028 2.25 | 14.3 13.1 0.038 4.70 | 11.4 10.7 0.028 9.45 25 26.1 0.019 1.33
181y 1.2 1.22 0.007 5.82 | 0.9 0.921 0.010 8.72 | 0.84 0.822 0.009 9.73 | 5.7 5.82 0.009 1.80
e/ 184 179 0.012 2.12 96 92.7 0.015 6.71 190 197 0.016 3.45 | 153 147 0.017 4.37
178Hf 5.5 5.36 0.011 9.30 | 2.9 2.63 0.043 5.60 | 5.5 5.28 0.018 5.93 | 5.4 4.89 0.043 5.81

2.3.3  MUBURARE AT HOG

N TR ITE R AL, IR G RRMOT RIS 17% ZIH], B 2 HRIREOR
00 7 B A 7K — R g e DX 8] A it /K FR TR [ A B PS SR A Y Zr JUER , 52 56 =5 4]
(BEAhZ 5 PL ~P6) i HH Lo, HIBBOE A E T AOAS RARZE B, AN i 22 O 32. 3% , J5U IR vl fE 2
HEHE H B EROCER R AR IIE AR SRR R IR R B T BT S AT RS JOIE o8 i L
W S8 W IER S BRI L I E S R DU EIRAR R A Rt — 2 e
PUAE o D LE X B W LA M, A 0 i 22 2 AR R A
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R THBR TR, B PR 10 45 RAER , T ik v
i (AlgC) 2 0. 001 ~0. 027 5% FH Bc ik (14 i B 1%
PRI 2[RI 2 15 Bhfs L o0 S8 VBH VB A
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Determination of Rare Earth Elements and Nb, Ta, Zr, Hf in
Polymetallic Mineral Samples by Inductively Coupled Plasma - Mass
Spectrometry Coupled with Open Acid Dissolution and Lithium
Metaborate Alkali Fusion

MEN Qian —ni', SHEN Ping”, GAN Li —ming' ,FENG Bo — xin'
(1. No.5 Gold Geological Party, Chinese People’ s Armed Police Force, Xi’an 710100, China;
2. Gansu Zhiguang Geological Engineering Survey and Design Co. LTD. , Lanzhou 730010, China)

HIGHLIGHTS

(1) The traditional acid dissolution method was improved, and the rare earth elements were determined by a
hydrofluoric acid - nitric acid — sulfuric acid system.

(2) Improved lithium metaborate alkaline melting method can determine 19 elements such as rare earth elements
and Nb, Ta, Zr, Hf.

(3) The improved lithium metaborate alkaline melting method can be used for the determination of Nb, Ta, Zr, Hf

in ancient high pressure metamorphic rock samples and samples with a high — Al content.

ABSTRACT

BACKGROUND : Mixed acid open acid dissolution and alkali fusion methods are the two main dissolution methods
for determination of rare earth and refractory elements in geological samples by inductively coupled plasma — mass
spectrometry (ICP —MS). However, the composition of geological samples is complex. For special elements and
special samples, the traditional acid — dissolving method will cause incomplete digestion of some elements, which
makes the measurement results inaccurate. The operation process of the alkali fusion method is cumbersome. The
solution has high salinity, which can easily cause matrix interference and block the sample introduction system.
OBJECTIVES: To improve the traditional four — acid and penta — acid systems in the determination of rare earth
elements.

METHODS ; The hydrofluoric acid — nitric acid — sulfuric acid open acid solution system was used to determine the
15 rare earth elements by using the national standard material to prepare a standard curve. At the same time, the
lithium metaborate alkali fusion method was improved. The sample was extracted with lithium metaborate alkali,
and the solution was added to the alkaline condition by adding sodium hydroxide. The measured element was
coprecipitated with lithium metaborate, and the flux was separated and filtered, and then reconstituted with nitric
acid. Nineteen elements such as rare earth and lanthanum zirconium were measured.

RESULTS: The relative deviations between the measured value and the certified value of the two dissolution
methods were 1.09% —9.30% . The results of determination of Nb, Ta, Zr and Hf by mixed acid open dissolution
method and rare earth element by lithium metaborate alkali fusion method were compared with those of another
laboratory that used closed acid dissolution methods. The relative deviations between the two groups were 0.13% -
15.32%.

CONCLUSIONS:; The mixed acid open dissolution method is suitable for the determination of rare earth elements
in geological samples, whereas the lithium metaborate alkali fusion method is not only suitable for the determination
of rare earth elements and Nb, Ta, Zr and Hf in geological samples, but also for the determination of Nb, Ta, Zr

and Hf in ancient high pressure metamorphic rock samples and the sample with a high Al content.

KEY WORDS: polymetallic ores; rare earth elements; Nb; Ta; Zr; Hf; HF — HNO, — H,SO, open dissolution;
lithium metaborate alkali fusion; sodium hydroxide ; inductively coupled plasma — mass spectrometry



