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Abstract: With the increasing demand for lithium products, rapid and precise quantitative analysis
of spodumene composition is essential for optimizing mineral resource development and reducing in-
dustrial energy consumption. As an emerging chemical analysis technique, laser-induced breakdown
spectroscopy (LIBS) offers significant advantages such as environmental friendliness, rapid, real-
time, and in situ multi-element detection. In this study, a rapid LIBS measurement system was de-
veloped to obtain the spectra of spodumene samples. Multiple atomic spectral lines of Li were ana-
lyzed. The atomic line Li I at 610. 354 nm exhibited pronounced “peak shift” due to matrix inter-
ference from Ca. While the atomic line of Li I at 670. 776 nm suffered from severe self-absorption.
Consequently, the Li I line at 812. 623 nm was selected as the optimal spectral line for quantitative
analysis. To enhance spectral stability, full-spectrum total area normalization was employed, signifi-
cantly reduced the relative standard deviation (RSD) to below 3. 0%. Quantitative analysis revealed a
robust linear correlation between Li>O content and Li line intensity, with a coefficient of determina-
tion (R*) of 0.993. Furthermore, prediction results showed that the RSD values for the six predic-
tions of each sample were 3. 0%, 1.1%, and 1.9%, respectively. The overall root-mean-square er-
ror (RMSE) was 0. 062. The absolute error within 0. 10% and the relative error was within 9. 0%.
These results indicate that the high predictive stability and accuracy of the calibration model. Tt dem-
onstrates significant potential for rapid detection and precise quantification of mineral samples, hold-

ing greal importance for promoting the efficient development of mineral resources and advancing green
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industrial transformation.
Key words: laser-induced breakdown spectroscopy; spodumene; matrix effect; green analysis;

rapid detection
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BT A0 LIBS SR A PRSI R SR E I 1 R . R RAHA Q ik ki RistA Nd: YAG4
It 250G 58 Ol #h ST AR B A PR A 1), LTO2A-LASER)VE %5 85 TR & 6IR, itk A1 064 nm,
WP YERE A 10 ns, TAESRA 1 Hz, BOCREEFREME <0. 7%, HPkrPRER B E M 10 ml. Fkibioek
W2 RSP I AES )T, W B AE S (/=40 mm) T BT REN 26T, DT e 7 A 25 s 7
e, 55 BT URER S 6 A5 5l i ) Sl B8 R R MG RS b o S RESCR AR IR BIZH H kT ok
WIS, P R IEEIh 180~960 nm, i/ HEE A 0. 2 nm, BUFHHEIRTYE, 4 7L keh 5
Heit REMRETEY , KRB SE TP IE I & A= %% (Stanford Research Systems, DG535), S#t#se
BRI, BOEE s h E 1 G HE TARAF (Osram Sylvania, SFH203FA) U EIEOGE S G it &5 S
BTN IE I & A 8%, MG REOR =4 Rt & SRER & AR B AHE, ATSEBLEOLR . OGS
YRS AR, AT, Z4ERR GBI (5T )5 1 i A T SE B SR Y H B
3, HHEEERCE N mm/s, SEIRRHRE G 10 mmx 10 mm B KIS T, BN EER REE 100 ME
MR eSS, TR 6K, ARBUR AR GG SR R E ML, B Eis S E R M 1.5 s,
FUrBF R E A 1 ms,o
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Fig. 1 Schematic diagram of the LIBS experimental setup for measurement of spodumene
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Table 1 Li,O contents of the samples

Sample Contents of Li,0/% Sample Contents of Li,0/%
S01 0.10 S11 2.52
S02 0.12 *#512 2.92
*S03 0.56 S13 3.16
S04 0.62 S14 3.37
S05 0.84 S15 3.83
S06 1.01 *516 4.19
S07 1. 60 S17 4.50
S08 2.06 S18 4.80
S09 2.08 S19 5.15
S10 2.12 S20 5.30

samples *S03, *S12 and *S16 were used as the test set(¥*S03. *S12., *S16Ff i il & G A A4 )
+ =
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SLIRARHNZREE S 17 4] Li,0 & 2 A A FE T &, B2 )8R T Li,0 &8 2. 52% 4% 1
FESRA LAY LIBS Y, v LUK BUEIZSCI0 254 Tk HA B MEM L . 8 5 NIST JR 7 g4 4
FERTH AT R P, FRBCE N A IR T ZE AL 1308, 215 nm, Al T 396. 152 nm. Sil288.158 nmF1O I
777.194 nm, [E HFRTZE LAk B Li1610.354 nm, Li I 670.776 nm #1 Li I 812. 623 nm 2§ 2 4H451E
W, HIYRIEERARERE . X F K T C RN R e SR R, Nz bR 2
HARRAKIEILER, HHGEMS AR R e iR . Soh, i RIFEREE] TR Ca 1
396.847 nm, Na I 588.995 nm fIK [ 766. 490 nm S5 5= Fie 200 & SHG Lk, RS P TREMEAEA K
FREIRTY) . 1 ZEEE(KAL(AISLO,) (OH),) &6 ik 45

AT AR A0 Wy S 3 N % 8 B A ARG B B 52, KA T ORIRI Li,0 S T Li e EAELi |
610.354 nm, Lil 670.776 nm Al Li 1 812. 623 nm AbMIELE . HIEI3A BT, & & B AR (LL0 &
3. 83%~5. 30%) 1 Li TCZE I i 2RI 4 610. 275 nm, HRFEIE Ca | 610. 272 nm M)LK, WALS
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B (LL0 &8 0. 10%~2. 92%) 1)1 2RI R ) 4l —

7”7 Z610.398 nm, FHEITLI [ 610.354 nm FYEE |

WK, XAHHEA “WEEEN” R GE Na I 589.592

0. 123 nm) LR FAREFRZ N 5 Ca T 610. 272 nm i Cal610272

WL R /E B4R . T Ca1610.272 nm 5 Hbr gy 11%5{55723776 K 1 766.490
WEZELi T 610,354 nm M9 K 22U N 0. 082 nm, 2 ii Tt K 1686
SRR, KT T R TR S M#gmg
g, ORI E B S BR b Lifl Ca T LR £ Call 393366 AIT396.152 N oA
E,(J ‘Zﬁﬁ/ﬁ\%ﬂn ° Y:E Ll giiﬁ%ﬂﬁ ’ %%?,ﬁk EP 'l:) Ll 14 Al I/:I()i ZT:AO] C(}T:I::Z:::? 1 812.623
JEF T P2 A ) 32 55 Sk N A A L T AL ekt 1 812,645
Mo, A6 T 610. 354 nm Hede b 7 P 10 R Uy,

OB, Tl R Li b (s S R, ) T

200 460 6(I]0 S(I]O
SEOL AR EA RS B R AN, CatRI Wavelength/nm
S RHDAEEIEAR I, 1, 3 T Fe12 BRI LIBS 1S
WAE 2 Ca (=8 B I 4 7 A AR A o7 Fig.2 Typical LIBS spectra of the spodumene sample
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Fig. 3 Typical LIBS spectra of Li [ 610.354 nm(A), Li I 670.776 nm(B), and Li I 812. 623 nm(C) for different Li,0
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HEf 22 (RSD) A3 A5t . MR T DL B A, 203 H—1bACFE )5 B A S Y P 34 RSD {E AR AL HE
AR FRE(H 2. 3% R E 1. 6%) o[RS RSD B35 K AE VA — AL AR 3. 9% B 14— 1L 50 2. 5%,
I/ ME R 0. 94% B4 28 0. 43%. VA —1b )5 Fr A A Y RSD YRR 3. 0% LA, R —{bL 7 ikRes A
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2.3 EERH

MY SEBUERNE A Lo E R E BT, 85 R 17 MRS I — AR R BEVE N 2R B TR L E bR
B, SRA LT 812. 623 nm G2k — b B TR S, 45 R MBI SFR. 45 BRHIGE R
(R)iE30. 993, LMHFEIZRETEEN, LiouZAE4sRE 5 1,0 & &2 AR &EMH M, 6
i oA JE S AR A S ) 5 B PO A3t ] SE A SE A

P 3A LA S AR SE 58 7 ko AT 6 RN, A5 SR ML 2 R R Li,0 & &4 ok (0. 61+
0.02)%. (2.93+0.03)%F1(4.23+0. 08)%, A6 KIS RSD 205124 3. 0%, 1. 1%F11. 9%, FEA
B EEAR YA J7 AR 1R 25 (RMSE) 1] 35 0. 062,

B UEAGIN 7 VA A, RS R R R IR 55 PR 4 | S BT PR UE YS/T 509. 1-2008 1)
M 25 (Li,0 S 2434 0. 56%. 2. 92% F14. 19%)FEA7xFE, W 3 R, o LU 45 SR 55 H = {6
FARSERY) A, AN S IRZEEHIAE 0. 10% LAY, FHXHI SR ZEAE9. 0% LAY o HoHb i) & i 22 2R IR
THOCHkrhRERIES . FESIY I DL O A R B RO R BN 22 55 . FaREERENH, %A
I 7 3 B A v ) U0 0% A R B T AR P, RE AR G R S A A i O PR RS I R E S BT
Ko
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= 24 s d
I 205 A
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Fig. 4 RSD of raw versus normalized of the atomic lines of Fig. 5  Calibration curve of Li line intensities and Li,0 con-
Li[812. 623 nm tents
2 DR RO AE R b o s 22 RS AR 1R 2
Table 2 Relative standard deviations and root mean square deviations of the normalized intensities
Sample content) 1\‘Iormal'ized Nonnal'ized l\'Iormalbized Norma%ized I\Tormal'ized Nonnal'ized RSDM%  RMSE
intensity 1 intensity 2 intensity 3 intensity 4 intensity 5 intensity 6

R 100. 56%) 2.31x10°™* 2.36x10°™* 2.28x10™ 2.30x10™* 2.30x10°™* 2.37x10°* 3.0

B 2(2.92%) 6. 88x10™ 6.77x10™ 6. 85x10™ 6. 74x10™ 6.90x10™ 6. 85x10™ 1.1 0. 062
K 3(4.19%) 9.24x10™ 9.48x10™ 9.45x10™ 9. 10x10™ 9.41x10™ 9.49x10™ 1.9

263 LIBS Ik S i AR

Table 3 Comparison of prediction parameters of the samples

Standard content/% Predicted content/% Absolute error/% Relative error/%

0.56 0. 61+0. 02 0.05 8.9
2.92 2.93+0. 03 0.01 0.34
4.19 4.23+0. 08 0.04 0.95
‘
A
3 & it

AW E FE i LIBS LI R4, SEBl TV S0Pl . R . S H T Lioe B2 5%
FRIERG 2, HERR T 52 5L0RFH A B WOSCRON 52 (35 2%, B Z4ifE Li 1 812. 623 nm VATt k. &
Sl SRR AN S, AR E MR R T RS, ARSI RSDAES. 0% LU T . BE T4
PRI B RIS LA R 00 e P A e (R°=0. 993 ) , B8 iiE 85 &A% S BB A RSD 2351 4 3. 0%, 1. 1%
FI1. 9%, FESEEIRY TR ZZ{CA 0. 062, WEBHIZASIN 7 ik A B 0 Fa e PR R eI . IR oT 4 SR a&
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