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Table 1 ICP — MS analytical results for determination of 37 trace elements in bauxite standard materials (GBW07177, GBWO07181,
GBWO07182) by four sample dissolution ( melting) methods
-~ NEH(ng/s) JrE—(ug/g) IEZ(ug/e) IEZ(ng/e) JE0 (ne/g)
j% GBW GBW GBW GBW GBW GBW | GBW GBW GBW | GBW GBW GBW | GBW GBW GBW
e 07177 07181 07182 07177 07181 07182 | 07177 07181 07182 | 07177 07181 07182 | 07177 07181 07182
Li |80.6+5.5 35.1=+4 147 +12 | 51.3  27.5 120 79.3  36.8 151 82.6 33.6 140 90.2  39.0 162
Be / / / 7.20 5.43 5.18 | 3.78 3.81 3.71 4.25 3.33 3.60 | 8.86 6.83 5.52
Se / / / 6.82 4.05 5.85 50.3 45.2  44.8 | 51.5 42.1 42.3 | 62.5 48.7 46.6
v 198 £27 210 +£26 216 £27 194 208 232 78.3 85.4 201 92.5 156 191 206 222 220
Cr 215 £7 267 £20 233 +17 113 147 124 75.5 40.3 75.8 | 86.2 41.0 74.9 231 264 223
Co / / / 5.32  0.44 1.70 | 5.46 0.65 2.27 | 5.35 0.68 2.19 | 6.09 1.08 2.25
Ni / / / 31.1 6.0 22.4 | 23.4 2.1 19.6 | 26.3 3.9 21.6 | 36.3 9.0 23.3
Cu [30.6+3.3 19.5+3.8 24.8 +2.4| 33.9 19.0 22.8 | 26.0 9.8 21.6 | 28.1 16.6 20.0 | 31.8 17.6  22.7
Zn 24+1.9 7.4+1.2 17.7+3.3| 24.5 6.9 16.5 24.9 7.0 18.5 | 24.5 7.9 17.0 | 25.9 7.9 19.3
Ga 70 +8 82 +15 72 £11 40.2  35.6 31.2 19.2  21.3 30.5 22.2  20.1 30.5 | 72.3 87.0 69.9
Rb / / / 7.27 1.70  6.27 | 7.31 1.64 6.24 | 7.26 1.60 6.14 | 7.94 1.86 6.02
Sr 691 £44  345+12 292 +17 177 80 71 712 337 304 704 327 301 714 349 279
Y / / / 20.5 15.0 14.2 | 85.5 62.2 61.4 | 88.5 61.7 63.3 | 90.0 56.4 60.4
ZIr 886 £95 1160 =110 986 +84 838 1189 995 648 870 893 692 1056 927 914 1303 993
Nb / / / 64.1 39.6 46.5 16.9 4.3 75.7 | 83.7 91.3 80.6 | 88.2 96.7 80.4
Cs / / / 0.37 0.08 0.48 | 0.31 0.07 0.43 | 0.33 0.06 0.39 | 0.33 0.08 0.48
Ba / / / 16.9 7.2 10.8 | 65.4 35.1 47.6 | 71.2  35.9 46.0 | 77.5 43.0 51.6
La / / / 93.1 75.5  72.2 259 129 149 260 130 147 259 120 151
Ce / / / 223 111 116 484 253 299 523 255 296 518 247 294
Pr / / / 18.2 11.8 12.5 | 58.4 21.8 28.6 | 62.6 22.5 28.8 | 64.6 22.7 30.5
Nd / / / 63.7 34.3 39.3 218 66 95 233 69.7 95.7 249 76.6 111
Sm / / / 9.94 4.92 5.89 | 37.3 11.2 15.8 | 39.5 11.6 16.2 | 40.1 11.3 16.7
Eu / / / 1.62 0.84 0.98 | 6.3¢4 2.00 2.86 | 6.59 2.14 2.94 | 7.75 2.05 2.96
Gd / / / 6.18 3.11 3.49 | 22.2  7.93 10.4 | 23.8 7.77 10.2 | 29.3 7.77 10.8
Th / / / 0.84 0.54 0.54 | 3.19 1.58 1.79 | 3.35 1.64 1.81 4.11 1.64 1.79
Dy / / / 4.66 3.47 3.15 18.5 11.0 11.8 19.6 11.6 12.1 23.7 11.8 12.6
Ho / / / 0.89 0.68 0.59 | 3.52 2.35 2.42 | 3.78 2.49 2.47 | 4.07 2.33 2.46
Er / / / 2.46 1.85 1.68 | 9.71 7.15 7.16 10.6  7.45 7.52 12.3 7.45 7.54
Tm / / / 0.37 0.28 0.26 1.51 1.13 1.14 1.61 1.22 1.21 1.88 1.21 1.23
Yb / / / 2.64 1.75 1.65 10.7 8.12  8.10 11.4 8.59 8.41 13.1 8.61 8.45
Lu / / / 0.38 0.25 0.25 1.54  1.23 1.21 1.66 1.28 1.30 1.84 1.26 1.31
Hf / / / 25.3 35.7  29.9 | 20.4 28.1 28.3 22.9  36.1 30.9 | 29.5 42.9 32.6
Ta / / / 2.22  0.67 2.01 0.79 0.33 3.30 | 6.99 6.88 7.19 | 8.18 9.78 7.68
Tl / / / 0.06 0.01 0.03 | 0.06 0.01 0.04 | 0.06 0.01 0.04 | 0.07 0.01 0.03
Pb 116 £+9 26.7 +5.7 35.7+£6.9| 75.7 10.4 16.1 94.2  21.3 25.5 1 99.7 22.2 26.3 115 26.0 32.1
Th / / / 64.9 66.4 48.8 | 92.4 99.2 85.5 99.9 101 90.0 109 99.5 88.9
U / / / 37.5 35.8 30.0 | 32.9 32.4 27.9 | 35.4 34.3 29.6 | 37.0 34.3 26.9

T /7 BRI ER) B S BRI TR B2 (E

MR MELL 4y, HL AL Ti AV Ry 0 7 AR 43 A7 35
H AR X X DAy ff e PR 0L, S 56 X R R R R
(200°C 210°C 220°C 230°C ) = Fh 0 2 1 [l i % 3F
11T R, 85 AN 5 iR, ATLVE W IETA 115
JESFATT NP 0 bR UEY BT b ALLTE R P T
Z AR ATE 90% ~110% 90% ~ 110% F1 85%
~105% Z [a], W Xf - AL O, % & & ik 90. 36%
(GBWO7181) H& A D at Ml £ ry 48 147, ik & &

O ARER AT SCBLELSE 00 A, FROCER R T T
A RE 5 W 40 0 R CR M ER
2.3 rBriikivEny
2.3.1 Jiikkihi R

AR 1 3A 2.1 e B A A U8 o i B R 2%
7, ol a5 12 Gy LG ai A ot sl s A 2 82 0 i 42
WA L IE R TR 37 AR OCR P4 i
LA 3 A HE i 22 7] 16 25 1 1000 A7 7 ¢ DR -5 i 6
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Fig.5 Recovery of Al, Ti and P in bauxite standard materials (GBW07177 — GBW07182) decomposed by ammonium bifluoride

(U B S 7 iR BR (LOD) ) ARS8 2 LK SCHik i
B GERNIR — SRR B AT fifp ks (i A s AR, L
FRILZ 2,

M2 n LA L BR Cr F1Ni Sk, e i e e =
B Ak i #E 2 F O 0..002 ~ 0. 60ng/g, 6 H FR
0.001 ~0.49pg/g, 5 LG HIAHIR - SRR % 4]
AL FEA A 4 (1 F2 2 5 0. 000 ~ 0. 27ng/g, K
FR0.001 ~0.48we/g) , BENH 3 JFURE il H 20 IR
BICR MK, {HJ2, Horp Se Cr \Ni \Ba #1 Pb 11
RS H 45k 0.30.4. 62 11.73.0. 32 F1 0. 31
ng/g, AR GBI — IR % M1 ik i 20 10 ~

— 676 —

320 £, A58 i T8 & Sc.Cr Ni,Ba I Pb (il
SE o IRGRATR AL S B 5 i S Cr Ni Ba il Pb #Y
APFRZS B N Cu R #2481 1. 48ng/g,
LSRR — TR A T Al 2 20 45 %5, & T
TR Cu (9 2. 37 R 5 00 2 M9 K 1D R A
0.002 ~0.43pg/g 2Z[8], B4 Cu.Ba F11 Pb 4, HAth &%
TCR R RS SE R — SRR PR I A AR
GIiER

A, Sk [ 34 ] 41, 7l i SR AL S B b
AH R Cr F NI, 75 4% B Zhang 267 5% Y
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Table 2 Process blanks and detection limits for NH,HF,

decomposition and conventional HF — HNO, closed

digestion

A (ng/g,n=12) i (pe/g)

FE| A

ImL SR s pogat |ImL SRR - 4 R
x| (k) 1P T e & ARE - orbrd g

UL Y IS LS | 1ol BIRY bR L

Li | 7(92.50) 0.017 0.070 0.034 0.031 0.078  0.062
Be | 9(100.00) 0. 000 0.002 0.003 0.004 0.008  0.010
Sc [45(100.00) | 0.029 0.299 0.049 0.030 0.152 0.066
V| 51(99.75) 0.229 0.018 0.019 0.231 0.016  0.013
Cr | 52(83.79) 0.230 4.62 0.906 0.144 2.00 0.426
Co |59(100.00) | 0.078 0.316 0.010 0.018 0.133  0.007

Ni | 60(26.10) 0.036 11.73 0.222 0.072 4.87 0.079
Cu | 63(69.17) 0.033 0.152 1.48 0.043 0.038  0.234
Zn | 66(27.90) 0.267 0.601 0.800 0.481 0.494  0.322
Ga | 71(39.90) 0.003 0.002 0.000 0.008 0.017  0.009
Rb | 85(72.17) 0.007 0.028 0.022 0.013 0.019  0.023
Sr| 88(82.58) 0.026 0.010 0.011 0.033 0.098  0.013

Y |89(100.00) | 0.001 0.010 0.007 0.004 0.029  0.015
Zr | 90(51.45) 0.088 0.074 0.069 0.100 0.234  0.072
Nb |93(100.00) | 0.001 0.097 0.051 0.004 0.082  0.052
Cs [133(100.00) | 0.002 0.002 0.003 0.004 0.007  0.008
Ba |138(71.70) | 0.023 0.317 0.193 0.059 0.488  0.390
La | 139(99.91) | 0.004 0.015 0.014 0.013 0.022  0.029
Ce | 140(88.48) | 0.007 0.026 0.016 0.023 0.048  0.015
Pr [141(100.00) [ 0.001 0.003 0.003 0.005 0.006  0.005
Nd | 142(27.12 0.004 0.012 0.007 0.026 0.020  0.009
Sm | 152(26.70 0.002 0.003 0.003 0.010 0.005  0.009
Eu | 153(52.20 0.001 0.001 0.001 0.003 0.001 0.008
Gd | 158(24.84 0.001 0.003 0.003 0.006 0.007  0.012

Th |159(100.00) | 0.000 0.000 0.001 0.000 0.001 0.004
Dy [164(28.20) | 0.001 0.002 0.002 0.006 0.009  0.005
Ho |165(100.00) | 0.000 0.000 0.001 0.001 0.001 0.003
Er [166(33.60) | 0.001 0.001 0.001 0.006 0.005  0.004
Tm [169(100.00) | 0.000 0.000 0.000 0.001 0.001 0.002
Yb | 174(31.80 0.001 0.001 0.001 0.008 0.006  0.003
Lu | 175(97.41 0.000 0.000 0.000 0.001 0.001 0.002

Hf | 180(35.10
Ta |181(99.99

0.003 0.003 0.004 0.007 0.013  0.010
0.010 0.007 0.010 0.033 0.014  0.028
Tl | 205(70.48 0.001 0.001 0.002 0.006 0.002  0.005
Pb |208(52.40 0.016 0.311 0.151 0.013 0.463  0.374
Th |232(100.00) | 0.001 0.010 0.005 0.004 0.041 0.009

)
)
)
)
)
)

U [238(99.27) | 0.000  0.002  0.002 | 0.001  0.010  0.003
T @ BRI SCHR(39 ] 40 i % Se i R — SRR % P A 1k
AR HA R

AR - WAL SRS R 37 MR o R it s

70.001 ~0. 42ng/g, f H B A 0. 002 ~ 0. 32pg/g.
[k Co.Ba i Pb fy {22 541, A4 J5 s I G i Ak
SRR PR 5 Al Al i R — AL S L o A A
Yo BEIMAEDT i K 2 HOT R R A TG
HBR AR5k 0. 001 ~0.32ng/g F10.002 ~0.27pe/g,
Xof b TR i I B TR 19 A 2 T DL A7
(1o (AILHV Cr Ni Zn 4 HBR 43 0 =535 1. 905
6.290.0.999 #i13.853ug/g, LA iEE H L 11 ~

145 {55 A J51k Pb ks th R ELBE In AL = 2 8 £,
BRI Z A1, PR 7 75 et PR A B AR — 3, i fE 48
KEBTIR S ITR /T 7oK o
2.3.2 IEKEE

F B AR 2.1 BB AL A B o3 A Fee AR 2R A
ML 12 3 58 - B AERE & GBWOT7177, 31
ICP — MS 5 37 PR C &R M & i, w545 o
R PRER 25 (RSD) o AAFR 3 Bdii vl LA s 37
FROCZINE 25 R 1) RSD 7E 1. 14% ~8.90% Z [6), )t
HZX TE AT 10.0pg/g IUTTR B Gd Dy I Er
4h,RSD ¥J/NF5.0% o 53CHRL 37 ] 4B i e R -
FACE B i ICP — MS JE 7 GBWO7177 HyR 70
F I RSD FEAAH Y (B T1 St 4P, RSD 24 0.8% ~
5.8% ), Be V.Co Ni .Cu Z£ 13 FocZ %) RSD F
A, H A oG 22 00 AR R o DI S A T
RSD 3 A — 8 (B T1 JCZ 40, RSD Hy 1. 8% ~
6.8% ) ,H Li Be .V .Co Ni 25 17 F55Z 1) RSD Fj
1%, HAh T AR = o

AR MW, AL RSD iy 12 i
GBWO7177 57 7 25 5 1345 2 9, 1 SCHR [ 37 ]
HUh 6 I E 25 R . A J5 i Cu JEE I &
H SN E AT, B SR - RIS o0 v A
T I A (4 AR 24 35% A1 40% o AT,
AP R EHMi 1 56% (Eu ,Gd  Th Dy \Ho | Er,
Tm , Yb Lu) (1) 53471 25 5% Eb SCHR A w5 b 5 7 1 25 5%
E2110% ~20% . A )73 RSD ¥1/NTF 10% |, figfs
W58 0 YR TR AT 20K

3 4k

ASSOR B 2L v b i A S B AR it
TERAE I R v (D B AR R, il T 76 PFA /ML
SRR B E T SR B TR A e ) B st
PR T RLDURR | FLRR AN P s D BRI A 5 W1
FHR LA AN SE e R, S T SR Ak A R
S 1ICP — MS 7 35 M40 - Bl B B i
SR ICR I T 5

RIS A e 2 B IR - AL ER/ AL
SV R A B 3 FEE ARG, T SR I ) 5 L AR o
5, RER DR | THER M R 5 B0 B W R AR R
IREIUR . W Z UL B, Bl A 2R Ak A 8
Sc,Cr Ni Ba 1 Pb, LA R ARG AL L Cu 155
AR R, AR A R X e T R A R AR, Tk
FHATT ik HER I 2 o AT PFA B B 2 42 2 B
TN B PR 5 AT AT &, 7T LU BRSSO, 512
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Table 3 Method precision test for NH, HF, decomposition
P WsEME  AeiE(MZE RSD P WEfE brifedzz RSD P WEE bRMERZE RSD
(pg/g)  (ng/e) (%) (ng/s)  (pg/g) (%) (ng's) (ngg) (%)
Li 86.5 3.34 3.86 Zr 914 24.0 2.35 Dy 23.7 1.60 8.10
Be 8.81 0.12 1.39 Nb 95.2 2.41 2.10 Ho 4.10 0.29 7.05
Se 62.5 1.57 3.31 Cs 0.36 0.03 7.22 Er 12.2 0.92 7.54
A% 221 4.25 1.92 Ba 74.6 2.50 3.35 Tm 1.62 0.12 7.43
Cr 243 7.54 3.10 La 253 5.39 2.13 Yb 13.3 0.56 4.97
Co 6.00 0.19 3.21 Ce 513 5.84 1.14 Lu 1.83 0.12 6.70
Ni 36.2 0.76 2.10 Pr 61.2 1.33 2.18 Hf 28.3 0.85 3.51
Cu 31.4 0.81 2.58 Nd 234 4.66 1.99 Ta 7.96 0.26 3.58
Zn 26.8 2.53 3.30 Sm 37.4 1.17 3.14 Tl 0.064 0.004 6.32
Ga 85.3 2.45 2.88 Eu 7.48 0.58 8.90 Pb 118 3.25 2.74
Rb 7.94 0.52 8.61 Gd 29.2 1.85 5.56 Th 103 3.40 3.31
Sr 693 31.9 4.60 Th 4.21 0.28 6.76 U 37.4 1.62 4.34
Y 90.4 2.91 3.61
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Determination of Lithium, Gallium, Zirconium, Rare Earth Elements

and Other Trace Elements in Corundum - bearing Bauxite by Inductively

Coupled Plasma - Mass Spectrometry with Rapid Decomposition of

Ammonium Bifluoride

LIU Gui - lei, XU Chun —xue, CHEN Zong — ding, WEN Hong - li
( National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) NH,HF, was used as a flux, which solved the problem of incomplete decomposition of corundum — containing

bauxite by four — acid, five —acid and closure pressure acid dissolution methods.

(2) The optimum temperature, time and reagent dosage of NH,HF, to decompose corundum — bearing bauxite were

determined.

(3) The study was applicable to trace element analysis of bauxite, especially high — alumina and corundum -

bearing bauxite.
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ABSTRACT

BACKGROUND: Bauxite is often accompanied by useful components such as lithium, gallium, zirconium, and
rare earth metals. Complete extraction and accurate determination of the content of these components are of great
significance for the comprehensive evaluation and comprehensive utilization of bauxite resources. However, bauxite
often contains a small amount of corundum, which is not completely decomposed by the conventional four — acid,
five —acid and closure pressure acid dissolution methods, resulting in lower measurement results.

OBJECTIVES: To explore the new decomposition method to achieve rapid and accurate analysis of trace elements
in corundum — bearing bauxite.

METHODS ; A digestion technique using the solid compound ammonium bifluoride in a screw — capped PFA vial
at high temperature has been developed for trace elements analysis of corundum — bearing bauxite by using a small
amount of sulfuric acid during the fusion process. The factors such as different melting temperature,, digestion time
and reagent dosage were investigated in detail, the optimal smelting conditions (200°C, 3h, sample ratio 4 : 1)
were confirmed. An analytical method for determination of 37 trace elements in corundum — bearing bauxite by
inductively coupled plasma — mass spectrometry with rapid decomposition of ammonium bifluoride was established.
RESULTS: This method can be used to quickly and effectively decompose corundum — bearing bauxite,, which has
been verified by three national bauxite standard materials GBW07177, GBWO07181 and GBWO07182. The proposed
method was also compared with the results of the four — acid, five — acid and closure pressure acid dissolution
methods. The recoveries of nine elements such as Li, Ga, Sr, Zr and Pb in the three standard materials were from
95.0% to 115.0% , 90.0% to 110.0% , and 90.0% to 110. 0% , respectively. The analytical result was in
agreement with the certified values. The detection limits of the method were from 0. 002 to 0.43ug/g, which was
closely equivalent to the detection limits (0. 000 — 0. 48ug/g) of the traditional nitric acid — hydrofluoric acid
closure digestion method. The precisions were from 1. 14% to 8. 84% , which qualified it to meet the analytical
requirements of trace elements in bauxite.

CONCLUSIONS : This method can be used to achieve accurate analysis of major elements such as Al, Ti, and P
in bauxite ( Al,O; content between 42.97% and 90.36% ) , which further verifies the accuracy of this method for

the determination of trace elements in bauxite.

KEY WORDS: ammonium bifluoride; rapid decomposition; inductively coupled plasma — mass spectrometry ;

corundum — bearing bauxite; trace elements
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