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

o HEE o HEE s  HIE g AT
LRk EE T e as T mE|L L A EE 0 mR| 4% 0 g
|V mm ome G am D0 mmoome L0 oam | wm o omm B Gm | wmo ome b0 A
/) Bk TRk ik THX\T (/) Wk ARk Wik ?\fﬁXﬁ e/e) Bk AR ok {fﬁX\T we/e) Bk AR sk Tﬁﬁ
(ng/g) (ng/s) (ue/e) De7E (ng/g) (ng/s) (ue/e) R (ne/g) (pg/s) (ne/e) De7E (pg/'g) (ug/g>(%/g) D7
(%) (%) (%) (%)
Y [15.3 12,1 1.9 12,5 -22.2| 26 20.4 18.9 22.8 -27.3| 27 21.1 21.7 243 -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 21.4 227 25.5 -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 53.5 549 11.5| 25 24.7 27.5 26.5 10.0] 27 26.6 25.4 26.4 -5.9
Sm [4.49 4.64 475 4.39 5.8 8.4 837 832 84 -1.0/51 511 537 5.86 5.3 6.2 6.27 6.17 6.30 -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|6.7 690 6.8 693 2547 455 481 497 2.3/59 6.07 6.07 604 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 2.81 271 2.8 -7.8|51 539 545 5.60 6.9 4.8 4.33 462 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 3.0/ 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 2.61 269 0.4 3 242 255 2.59 -15.00 5.1 4.90 5.07 5.07 -0.6
Lu |0.25 0.124 0.137 0.179 -45.2(0.41 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 [10.5 579 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
Hf |55 1.9 2.02 2.65 -63.3|29 1.45 1.36 1.62 -53.1/ 5.5 3.22 3.58 4.22 -34.954 4.76 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 GBWO07311
LS AleC NEE el AleC WEME  EE AleC IEME  WEE ALC NEE el
£ (he/e)  (pe/s) £ (he/e)  (pe/s) # (he/e)  (pe/s) B (we)  (n®)

9y 15.3 14.9 0.012 26 27.1 0.018 27 26.4 0.010 43 43.2 0.002
¥ 1a 32.5 32.7 0.003 62 63.1 0.008 26 25.9 0.002 30 29.6 0. 006
40 ce 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
4O Nd 25.7 25.7 0.001 48 49.0 0.009 25 26.0 0.017 27 27.0 0.000
47Sm 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 Ey 0.96 0.957  0.001 1.7 1.71 0.003 1.13 1.09 0.014 0.6 0.613  0.009
157Gd 3.74 3.68 0.007 6.7 6.80 0.006 4.7 4.76 0.006 5.9 6.04 0.010
197h 0.54 0.56 0.017 1.02 0.989  0.013 0.8 0.782  0.010 1.13 1.03 0.012
163 py 2.94 2.95 0.002 5.1 5.10 0.000 4.8 4.74 0.006 7.2 7.31 0.006
165 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
160 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
12Yh 1.63 1.65 0.006 2.6 2.68 0.013 3 2.99 0.001 5.1 5.06 0.004
1 0.25 0.249 0.002 0.41 0.409 0.001 0.47 0.486 0.015 0.78 0.75 0.015
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Table 3 Analytical results of elements using lithium metaborate as flux
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R IBNER A AR, M E A R A 3. MAEISR
% ,Nb Ta Zr Hf ANREE R IURE, 5P A] eI I B PR
SRR AN, F8 A S LIPEIR M IR B X
DUTE, T BEAE B 13 W JEE PR B R 1
DRLIbE , AR ST 1 PR AR i L R4 BB M i = AL A

Hh A AT SE A TUE

GBW07328 GBW07107 GBW07450 GBWO07311

JLR IEME WEE INEME EE INEE  EE NEE WE
AlgC AlgC AlgC AlgC

(pg’g)  (png/e) (pg’g)  (png/®) (ng’s)  (ng/e) (ng’e)  (png/e)
¥y 15.3 16.2 0.025 26 27.1 0.018 27 27.8 0.013 43 42.8 0.002
¥ 1a 32.5 33.5 0.013 62 64.2 0.015 26 27.3 0.022 30 31.3 0.018
140 ce 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
4O Nd 25.7 24.4 0.023 48 46.5 0.014 25 27.3 0.039 27 28.4 0.023
47Sm 4.49 4.61 0.012 8.4 8.56 0.008 5.1 5.02 0.007 6.2 6.11 0.006
13 Ey 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
163 py 2.94 3.07 0.018 5.1 5.36 0.022 4.8 4.98 0.016 7.2 7.44 0.014
195 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
106y 1.64 1.66 0.004 2.7 2.59 0.017 2.8 2.92 0.018 4.6 4.71 0.015
19Tm 0.25 0.233  0.031 0.43 0.411 0.020 0.47 0.455  0.014 0.74 0.772  0.018
12Yh 1.63 1.64 0.003 2.6 2.78 0.028 3 2.88 0.018 5.1 5.14 0.004
5 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
181 1.2 0.812  0.170 0.9 0.657  0.137 0.84 0.431 0.290 5.7 2.74 0.318
Ozr 184 98.2 0.273 96 45.1 0.328 190 97.5 0.290 153 68.2 0.351
178yt 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

RRAE, J B D 1 B2 B, e T &R
2 T AR AR o G320 TR R MO IR 17 12
g AT R P 0k M LA ik RO il A AR e 0 00 7 &5

AT VR BRI 1 I A FE AR IE T 125

GBW07328 GBW07107 GBW07450 GBW07311
JLR NEM M AleC INEME WEE AleC INEE AleC INEE W AleC
(ne/’g)  (pg/'s) ° (ne’g)  (pg/'e) & (pe’g)  (pg’s) 8 (pe’g)  (pg/'s) &
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 ce 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
4o Ng 25.7 26.2 0.009 48 50.2 0.020 25 24.9 0.000 27 26.5 0.007
47Sm 4.49 4.34 0.015 8.4 8.33 0.004 5.1 5.21 0.010 6.2 6.41 0.014
153 Fu 0.96 0.962  0.001 1.7 1.67 0.007 1.13 1.23 0.036 0.6 0.631 0.022
157Gd 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
16y 2.94 2.72 0.033 5.1 5.32 0.018 4.8 4.76 0.004 7.2 7.12 0.005
15Ho 0.58 0.566  0.011 0.98 0.973  0.003 0.98 0.973  0.003 1.4 1.44 0.012
166 oy 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
172yh 1.63 1.67 0.011 2.6 2.76 0.027 3 2.87 0.019 5.1 5.38 0.023
5L 0.25 0.273  0.038 0.41 0.408  0.002 0.47 0.462  0.007 0.78 0.765  0.008
% Nb 10.5 9.38 0.049 14.3 13.8 0.016 11.4 10.9 0.020 25 24.3 0.013
181 1.2 1.30 0.035 0.9 0.879 0.010 0.84 0.794 0.024 5.7 5.54 0.013
N7 184 187 0.008 96 95.8 0.001 190 194 0.010 153 152 0.003
178 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
Kot BR (g/g) ot R ( g/ g)
JCR RATRMOT SRR TR RARRMOT SO R
TRV TR FRVS T FRARARAE L

¥y 0.101 0.038 1% Ho 0.058 0.090
¥ La 0.095 0.087 166y 0.007 0.033
140 Ce 0.163 0.519 19Ty | 0.002 0.087
141 py 0.018 0.032 12y} 0. 005 0.036
HONd 0.084 0. 066 5 Lu 0.001 0.072
Wgm | 0.014 0.037 % Nb - 0.221
1B Eu 0.003 0.023 181y - 0.073
57Gd 0.003 0.106 N7y - 0.926
197 0.010 0.085 8 Hf - 0.063
%Dy | 0.009 0.044




41

a0 Wk
http; // www. ykes. ac. cn

2020 4

46 IR I T MV IR PR T IR SE VRS 55

Table 6  Accuracy and precision tests of the mixed acid open dissolution method and lithium metaborate alkali fusion method

TRA BT RIS

- GBW07328 GBW07107 GBW07450 GBWO0T7311
JeE

N ER R L) AlgC RSD DA W P31 AlgC RSD [PAGEf e M AlgC RSD [TAEf Wil P51 AleC RSD

(ne/g)  (pg/e) (%) |(ne/s)  (pg/s) (%) |(pg/e)  (pg/e) (%) ((ne/g)  (ne/e) (%)
8y 15.3 14.7  0.017 1.14 | 26 24.6  0.024 3.11 | 27 257 0.021 2.26 | 43 45.7  0.026 1.97
90, | 32.5 30.1  0.033 7.91 | 62 60.9  0.008 4..26| 26 26.9  0.015 1.80 | 30 28.6  0.021 2.21
0ce | 60.5 63.2  0.019 6.32 | 109 113 0.016 2.16 | 52 547 0.022 2.16 | 58 56.9  0.008 1.73
l41py 6.94 6.78 0.010 6.64 | 13.6 13.2 0.013 4.57 | 6.4 6.29 0.008 1.93 | 7.4 7.19 0.013  1.46
146N 25.7 24.1 0.028 4.37 48 47.1 0.008 1.58 25 23.6 0.025 5.63 27 25.6 0.023 1.92
WS | 449 462 0.012 8.85 | 8.4 8.16  0.013 3.72 | 5.1 524 0.012 3.71 | 6.2 6.06  0.010 1.47
BEy 10.96  0.993  0.015 2.57 | 1.7 1.57  0.035 7.96 | 1.13 1.2 0.037 430 | 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
197 | 054 0.522  0.015 3.8 | 1.02  0.98  0.016 4.62 | 0.8  0.773  0.015 3.16 | 1.13 1.21  0.030 1.14
Spy | 294 273 0.032 6.26 | 5.1 524 0.012 2.93 | 4.8 4,67 0.012 2.81 | 7.2 7.04  0.010 1.72
165, | 0.58  0.551  0.022 8.24 [ 0.98  0.952  0.013 4.29 | 0.98 .06 0.034 4.94 | 1.4 .32 0.026 1.57
166y 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 4.7 0.010 3.08
9Ty | 0,25 0.234 0.029 2.43 | 0.43  0.417  0.013 551 | 0.47  0.493  0.021 5.76 | 0.74  0.729  0.007 2.57
72y}, | 1,63 1.60  0.008 2.15 | 2.6 2,49 0.019 4.17 | 3 282 0.026 4.19 | 5.1 4.8 0.023 1.09
By 0.25 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

it B R B

i GBW07328 GBW07107 GBW07450 GBWO0T7311
TeE

WEM e 3 fE Al RSD IAGEME W F0E AlgC RSD [FAEfE W 341 AlgC RSD [TAEf Wl 351 AlgC RSD

(ng/g)  (pg/s) (%) |(pge)  (pe/e) (%) |(pg/e)  (ng/'g) (%) |(pg/e)  (ng/'g) (%)
®y 153 147 0.017 146 | 26 254 0010 271 | 27 257 0.021 251 | 43 416  0.014 4.40
91, | 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
1490ce | 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
4p. 16,94  6.62  0.021 1.76 | 13.6 14.4  0.025 3.82 | 6.4 6.28  0.008 2.19 | 7.4 751 0.006 1.41
146N( 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
WSy | 449 437 0.012 1.97 | 8.4 8.07  0.017 4.73 | 5.1 533 0.019 6.48 | 6.2 6.08  0.008 3.77
BE, 1 0.96  0.906  0.025 6.49 | 1.7 .75 0.013 1.79 | 1.13 .21 0.030 3.63 | 0.6  0.571  0.022 2.23
7G4 | 3.74 377 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
1397y, 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
8py | 2,94 312 0.026 4.63 | 5.1 526 0.013 5.17 | 4.8 4.56  0.022 3.41 | 7.2 7.02 0.011 2.19
1650y | 0.58  0.543  0.029 8.52 | 0.98  0.947  0.015 7.90 | 0.98 1.2 0.019 2.92 | 1.4 1.51  0.033 1.75
166z 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
9T, [ 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
112y}, | 1.63 1.6 0.008 5.71 | 2.6 2.82  0.035 4.68 | 3 316 0.023 4.83 | 5.1 518 0.007 3.03
S, 1025 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
SNb 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
Bty | 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
07y 184 179 0.012 2.12 | 9% 9.7  0.015 6.71 | 190 197 0.016 3.45 | 153 147 0.017 4.37
e | 5.5 5.36  0.011 9.30 | 2.9 2,63 0.043 5.60 | 5.5 528 0.018 5.93 | 5.4 4.8  0.043 5.81

2.3.3 MBI AR TS HOG

N TR TTIE B AT SR, IR BR WOT IR IE
00 P T A 7K — T e e DX B ] A A it 7K R TR
(FEbndi s PL ~P6) H R 03, AR I 5
e H VRS ROCE R RE AR I E I A5 R S PP A
MBS T BT R 8 P R VA 15 O 2 4 SR A 7
FOAE o M EE X B0 AT LR H AR X i 22 25 A # AR

17% Z 16, i /& F A AR . (HIR WA 3 Ps 5
FEANIY Ze TOER , A S 50 2 [0 19 45 R A 25 KR, AN
M2 79 32. 3% , JE PR R BEJE A b IR RF IR B S 8 T
AR O S 2 R ILOC R, IR AR IR
ARt — L BT o
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AR SCHRAE T I B T R R S R
PSR 2. RATERIR - MR - BIRIE & BRIt
FRVATE U801 A A i o 2, R AIG T AR, )
F DA ] 5% — 2 o 0 Jo il A o o it 42000 2 s 0T
RO T IHART I, o0 700 45 SR v, ikt
HaEE (AlgC) 7 0. 001 ~0. 027, % FH #ic it 1 fs 0 1%
PREIAA 5 R B IU E 1S A +oe 2R BB VB VB
IR T S B ARG, Iri e R T0E 58 48, o035
TGRS T A 56 210 80 88 H 4
I 7 25 S AR AR o

S5 R VR A TR O R A 5 FH 0 S Ml o
FES RS o0 E, J B9 R AR B 74 A OGE FH 0
SE HUTORE S R 0 A o0 R R A B, o aE FH
Gy 2 e AR U A B B e AR i i e
Bh o
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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



