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Table 1 Reference values of spodumene and beryl samples.
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Table 2 The typical operating conditions for LA-ICP-MS.

EBE TR RS Wolk#ih &40
BEHS(ADRHE  1625L/min | BOLIEK  193nm, 213nm
LR Ar) i 0.93L/min BERBE 50%. 75%. 100%
AR (ADE#E 0.7 ~0.9L/min || HOEHR 8Hz

&5 (H
RF Z3% soow | U 08Limin
L
PR 300 HER) || BEE AR 30pum. 60pum, 90um
. . 1144 (Counting),
ORI
Rl F 4L (Analog)

2 SR5HR

F R R AEAEBO R T R | A R A A R
FAES Tk A b 8 SRRSOV 5 T R RN S
43 BT 465 SR v B B e R R 20 R TE AT
FEH RSO T RN F R WORS L SRR
BRI IR 235 SR 28 B A B 5 )
2.1 [RIREERERE B A

i T i A RS 3 8 AR 5 o BE R 2 R
Bt (Counting), 1 =15 5 50 B B 25 R AR =X
(Analog) . Hi T R F E B A4 DT JE (4 S0 b o 60 45
NIST610, GSE-1G, CGSG-4 F i Li, Be & i 552
PRER, Sy i AR B 20, B,
R T R T RO A Ay ke AR 152 2, AR S
Y51 e85 T O, TLi K44 % i Counting 155 =, LA
KLi 43 52K Counting 5%, Analog 1=, F NIST610
M GSE-1GH 45 R, Li AR A FERE N
7.53%,Li N 92.47%, I Li (1 5o B2 oL,
Fl 1a L 7 H R FH Counting 1 Analog £5 2 X F
TLi PHE R B 22 BN 3% . GSE-1G P Li & A5
WEAE N 430pg/g -7, T H Counting 452205 FHOLi i
S B (E N 484.4ng/g, A 5 B (CFH N b vHE M 22
RSD) N 3.89%, #E B (FHXT 1% 2%, RE) A 12.65%;
Counting 5% 2 Li 1155 °F- #4824 440.7ug/g, RSD H
1.52%, RE N 2.50%; Analog # 2,"Li 18 F ¥ H A
452.2pg/g, RSD K 4.99%, RE N 4.91%., A& ¥ 4L,
PG S AR AN B3, (R R RS
(7L X A S AR e i B T A
2.2 BRI

SRR B A e N SR, XTI R SO
Rl W B I A 2 B R I, PR AR A T AR
o BE AU B 43 HIOPE DO D 43 B 45 R G R
2 L2590 RS A T 193nm A 213nm 0GR
M FR G He S 43514 0.6, 0.7 F1 0.8L/min &



51 E=R AR B =.9 2024 2

http: //www. ykes. ac. cn

(@) 10° (b) 520
E‘Li Counting
’Li Counting 500 | EZE izl;lsjgng
= 10° s 480 '—]—‘
g ’Li Analog %
i S 460t
= o1 1 = e
otk Li Counting T
440 |
430 pg/g
o
420}
10° . . .
20 40 60 80

I ] (s)

a—°Li. Li Counting #z\f17Li Analog BT NIST610 55 3H44; b—=FIM\F NIST610 1143 GSE-1G ' Li & il Kedri: .
a—The intensity of °Li, ’Li with Counting mode and "Li with Analog mode in NIST 610; b—The calculated Li content in GSE-1G with three modes
using NIST610.

B M IR S RO Li & AR5

Fig. 1 Effects of isotope selection and detection mode on Li content measurement.
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Fig. 2 Effect of He on relative sensitivity factor (to SiO,) of Li (a), Be (b), Al,0,(¢) and K,0(d).
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Table 3 Effect of He on quantitative analysis of spodumene and beryl chemical composition.

_ o HEHEA L1(n=6)HOLI K 193nm HEHEA K32(n=10)OE K 213nm
JLE He Ak
(DA, %) (L/min) AVIRER W H—3k i AR , IH—k ™
610LS. 610M.N. 610 1S. 610M.N.
0.6 7.11 0.72 7.39 0.62 7.90 0.33 7.92 0.28
Li,0 0.7 7.10 0.27 7.76 0.86 10.34 0.37 9.67 0.38
0.8 7.63 0.28 7.86 0.25 10.20 0.70 9.62 0.63
0.6 61.54 - 64.09 1.48 64.15 - 64.28 0.96
SiO, 0.7 61.54 - 63.99 0.83 64.15 - 61.12 0.96
0.8 61.54 - 63.43 0.41 64.15 - 61.15 0.88
0.6 27.11 1.73 28.20 1.18 27.37 0.13 27.40 0.95
ALO, 0.7 26.68 0.88 27.90 0.69 2933 1.41 28.80 0.85
0.8 27.52 0.50 28.36 0.36 29.34 1.41 28.81 0.94
- . SR C12(n=6) OB K 193nm LRFEA C12(n=8) WK 213nm
TTHE He ik — - — -
et ) | (min | PP o ik " bk . % -
610 LS. 610M.N. 610 LS. 610M.N.
0.6 14.65 0.56 14.86 0.41 14.44 121 14.87 1.38
BeO 0.7 15.45 0.74 15.35 0.57 15.11 0.44 15.71 0.97
0.8 13.72 0.77 14.06 0.68 21.15 1.67 19.96 3.22
0.6 63.77 - 64.76 0.79 63.77 - 62.55 1.32
SiO, 0.7 63.77 - 63.39 0.75 63.77 - 62.05 1.63
0.8 63.77 - 65.14 0.90 63.77 - 58.93 2.97
0.6 18.84 0.58 19.10 0.64 20.10 0.28 20.57 1.10
ALO, 0.7 19.07 0.72 19.79 0.41 19.11 0.88 20.27 0.79
0.8 18.69 0.29 19.29 0.38 20.86 133 19.24 0.84
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10° F1 3x10° 22 473 0.9L/min 38 & ¥k 2, ThO/Th Y%
W7 Fm KT H R A (0.2% ~ 0.3%), 15 5
2% 7475 0.7L/min {555 58 B 5 55, (H AL 7™ F i
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Fig. 3 Effect of sample gas Ar on relative sensitivity factor (to SiO,) of Li (a), Be(b), AL,Os(¢) and K,0(d).
4 B Ar EN VLIS AR € B HTRE IR
Table 4 Effect of sample gas Ar on quantitative analysis of spodumene and beryl chemical composition.
_ o WA L1(n=6) 2%1 4 Bl1(n=6
% Ar S HMEA L1(n LA B1(n=6)
(LUSEALYIT, %) (L/min) BRI H—3k X LS IH—k
610LS. 610M.N. ¢ 610 LS. 610M.N. ‘
0.7 7.59 0.05 7.74 0.12 - - - -
Li,0 0.8 8.01 0.10 8.20 0.23 - - - -
0.9 7.99 0.32 7.99 0.46 - - - -
0.7 - - - - 13.54 0.17 13.97 031
BeO 0.8 - - - - 13.69 0.14 13.91 0.28
0.9 - - - - 13.48 0.14 13.80 0.26
0.7 61.54 - 62.83 0.51 63.77 - 65.77 0.73
Si0, 0.8 61.54 - 62.99 0.39 63.77 - 64.77 0.46
0.9 61.54 - 61.64 1.72 63.77 - 65.29 0.59
0.7 28.57 0.79 29.16 0.58 18.71 0.59 19.29 0.40
ALO; 0.8 27.64 0.36 2830 0.24 19.39 0.38 19.69 0.26
0.9 29.83 231 29.83 1.38 18.88 0.48 19.33 0.32
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Fig. 4 Effect of spot size on relative sensitivity factor (to SiO,) of Li(a), Be(b), Al,O,(c) and K,O(d).
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Table 5 Effect of spot size on the quantitative analysis of spodumene and beryl chemical composition.

Tz PN HREA L1(n=6) M A B1(n=6)
(LA, %) (um) MR o H—k I WHRTE , H—k o
610 LS. 610M.N. 6101S. 610M.N.
30 7.22 0.15 8.43 1.75 - - - -
Li,0 60 9.72 0.19 9.65 0.40 - - - -
90 8.21 0.15 8.40 033 - - - -
30 - - - - 15.32 1.26 15.15 1.02
BeO 60 - - - - 12.86 0.13 13.23 0.28
90 - - - - 15.39 0.13 15.53 0.28
30 61.54 - 62.78 0.44 63.77 - 63.12 1.04
Si0, 60 61.54 - 61.08 0.59 63.77 - 65.65 1.02
90 61.54 - 63.02 0.41 63.77 - 64.37 0.37
30 27.94 0.66 28.49 0.49 20.39 0.53 20.17 0.39
AlO, 60 29.20 0.98 28.97 0.73 19.10 1.26 19.65 1.01
90 27.58 0.64 28.23 0.51 18.33 031 18.50 0.25
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WG (£ 6) . RARIEFRBE RS 15 Li #1°Be 1Y
5 5 A — o T A, AR AS B3 SR B
T BYRIOCR W 2, R B 5 o B 8 R JE ) A
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Fig. 5 Effect of laser fluence on relative sensitivity factor (to SiO,) of Li(a), Be(b), AL,O;(c) and K,0(d).
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Table 6 Effect of laser fluence on the quantitative analysis of spodumene and beryl chemical composition.
L . TR K32(n=6 SHREAT B1(n=6)
P G FLs s A (n=6) %A Bl(n
(LAY, %) (%) WHRIE . 5% . PIARIE | 5k .
6101S. 7 610M.N. 7 6101S. 7 610M.N. 7
50 7.04 0.20 6.67 0.68 - - - -
Li,0 75 7.11 0.13 7.02 0.20 - - - -
100 7.14 0.05 7.15 0.14 - - - -
50 - - - - - - - -
BeO 75 - - - - 15.71 0.06 15.58 0.13
100 - - - - 13.45 0.15 13.85 0.40
50 64.15 - 62.49 3.00 - - - -
SiO, 75 64.15 - 63.39 0.42 63.77 - 63.21 0.37
100 64.15 - 64.21 0.49 63.77 - 65.67 0.31
50 30.91 3.08 30.42 2.31 - - - -
AlLO; 75 29.52 0.47 29.16 0.28 19.99 0.48 19.81 0.36
100 28.27 0.87 28.29 0.65 18.40 0.34 18.95 0.32

W P e F R S B S, 155 Hh BB DL K
WIS, B AR A . $Em ot Ak a4k
T %) VA B IR 25 3 2 R X A e, M K32 R AY
Li,O # A AR 22 N 119% 2247482 75 2 9%, LA
B1 (%) BeO 7 i AHXT 1525 AT LA 20% 264742 = 5
4%(5£ 6),

2.6 AMEARUERE SR AR TR RN

AR TAEE T He KR 0.70/min, O
FBEAE 30um ., BERELE 100% 454 F, RHI NIST610,
GSE-1G. CGSG-4 #} B #m 70 AT B2 M A1 K32 H Li
JGZEK, NIST610., GSE-1G 43 #4441 Bl H Be Tt &R
SRS, R4 NIST610. GSE-1G Hil CGSG-4 &
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B FAREY Fh ALYS Si LR HABH e R &
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Table 7 Effects of external standards and internal standard element on the quantitative analysis of spodumene and beryl chemical

composition.

. PHEA K32(n=6) L4 B1(n=6)
L Sk
(LA, %) R RIS AR Wbz 22
LS. (%) LS. (%)
NIST610 8.16 3.03 - -
Li,0 GSE-1G 7.96 0.50 - -
CGSG-4 8.38 5.81 - -
NIST610 - - 13.45 5.01
BeO
GSE-1G - - 17.38 35.78
NIST610 28.27 4.24 18.40 1.65
ALO, GSE-1G 27.65 1.96 18.01 0.61
CGSG-4 30.65 13.02 - -
P LT K32(n=6) AT B1(n=6)
RN WNFRICE NARTE FXFR 2 FXFR 2 bR X 1R 22 H—k X 1R 22
(LAY, %)
610 LS. (%) (%) 610 LS. (%) 610M.N. (%)
. Si 8.19 3.41 2.39 - - - -
Li,O
Al 7.88 0.50 1.89 - - -
Si - - - 13.08 2.19 13.54 5.78
BeO
Al - - - 13.07 2.11 13.53 5.70
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In situ Quantitative Analysis of Chemical Composition of Lithium and
Beryllium Minerals by Laser Ablation Inductively Coupled Plasma-Mass
Spectrometry

FAN Chenzi'?, SUNDongyang1 , ZHAO Linghao1 , YUAN Jihai', HUMingyue1 , ZHAO Ming2
(1. National Research Center for Geoanalysis, Beijing 100037, China;
2. State Key Laboratory of Mineral Processing, Beijing 102628, China)

HIGHLIGHTS

(1) Helium gas flow rate has great influence on the accuracy of quantitative analysis of spodumene and beryl
chemical composition by LA-ICP-MS.

(2) The increase of beam spot diameter is helpful for the precision of quantitative analysis of spodumene and beryl
chemical composition by LA-ICP-MS.

(3) The matrix and content matching calibration materials are more conducive to quantitative calibration of lithium
and beryllium by LA-ICP-MS.
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ABSTRACT: Lithium and beryllium are the strategic key metals and the minerals such as spodumene and beryl are
the main raw materials for extracting lithium and beryllium elements. In order to accurately analyze the minerals by
laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS), the quantitative analytical procedure
needs to be improved to reduce the matrix effect caused by non-matrix matching calibration. In the research, a New
Wave 193nm ArF excimer laser and an Element Il high resolution inductively coupled plasma-mass spectrometer
were used and the working parameters of the instrument optimized. The analytical results show that Li and Be light
elements can quantitatively be determined by the suggested method. The BRIEF REPORT is available for this paper
at http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202305310072.

KEY WORDS: LA-ICP-MS; lithium mineral; beryllium mineral; gas flow; laser spot size
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BRIEF REPORT

Significance: Lithium and beryllium are strategic key metals worldwide. Minerals such as spodumene and beryl are
the main raw materials containing lithium and beryllium elements. The electron probe method commonly used in
micro-areas cannot accurately quantify light elements with low energy. Laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICP-MS) needs to be improved to reduce the matrix effect caused by non-matrix matching
calibration and improve the accuracy and precision of analysis. We developed an in sifu quantitative analysis
method of lithium and beryllium elements in natural mineral samples by LA-ICP-MS in order to give analytical
technical support for the efficient utilization of lithium and beryllium resources. Our results indicate that LA-ICP-
MS can be used to determine Li and Be light elements quantitatively in minerals by optimizing the working
parameters of the instrument, especially the flow rate of He and the quantitative calibration method. It provides
strong technical support for the study of the occurrence state and metallogenic enrichment mechanism of strategic
lithium and beryllium resources.

Methods: A New Wave 193nm ArF excimer laser and an Element Il inductively coupled plasma high resolution
mass spectrometer were used. The laser ablation system used in the comparison experiment was UP213 Nd:YAG
garnet solid laser. The samples used here included beryl C12 and spodumene K32 calibration samples, the content
values of which were provided by the Electron Probe Microbeam Analysis Laboratory of Mineral Resources
Institute, Chinese Academy of Geological Sciences. In addition, the minerals beryl Bl and spodumene L1 with high
purity and large crystal size were collected for experimental analysis. The chemical constituents Si, Al and Be of
beryl B1 were determined by X-ray fluorescence spectrometry (XRF), electron probe microanalysis (EPMA) and
alkali fusion inductively coupled plasma-optical mass spectrometry (ICP-OES), respectively. The chemical
composition of Li, Si and Al in spodumene L1 were determined by XRF and atmospheric pressure liquid cathode
glow discharge spectrometer. The external reference materials used for LA-ICP-MS were NIST610, GSE-1G and
CGSG-4.

Data and Results: The effects of LA-ICP-MS instrument working conditions (isotope selection and counting mode,
He flow rate, Ar flow rate, beam spot diameter, energy density) and data processing methods (external reference
material, internal standard element) on the precision and accuracy of Li and Be quantitative analysis results were
discussed. The experimental results show that the flow rate of He and Ar gas not only affects the signal intensity of
Li and Be, but also the relative error can be reduced by appropriately reducing the flow rate of He (0.6L/min). The
ionization energy of Li (first ionization energy of Li 520.2kJ/mol) is lower than that of Si (786.5kJ/mol). The effect
of mass loading would make the relative sensitivity factor of Li/Si in the standard material and samples vary, with
the airflow inconsistent due to different contents. Although increasing the beam spot diameter can increase the data
precision by more than 10%, it has little effect on the accuracy. However, the size of the beam spot diameter often
affects the uniformity of aerosol particles and the amount of sample introduced into the ICP, which may reduce the
effects of elemental fractionation and instrument drift. For transparent minerals with high hardness such as beryl, the
energy density (relative strength >75%, fluence >2.7J/cm?) should be increased to ensure effective ablation. GSE-1G,
which has a higher content in existing standards, was selected for calibration of "Li, and NIST610 was selected for
calibration of °Be, and Al was used as the internal standard compensation element. However, the content of Al is
less than Si in these standard samples. So, it is necessary to use Al as the internal standard element when the

instrument is running stably.
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