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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, It 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.
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P ) LIBS B0 A DAl RS R BIEINE 1 PR, RGERHHTA Q & kit ANr Nd: YAG &
B Aot Es O ST AR A R A7), LTO2A-LASER)VE NZE 5 FIRA GIE, ik A1 064 nm,
Wi SERESA 10 ns, TAESIAR A1 Hz, WOGRERFRENE <0. 7%, RPkPRERBE R 10 m), kP BO0G
W RSB RO A I 855, B SR ARE (=40 mm) LR THESLR M, D Be PRe Sl = A 5
BT, SRS TR R RS S A ScSE R SRR RO RE A . JEIESCR AR RS 5
HIEHEIEAL, BRI IEEY 180~960 nm, il srHEE 40, 2 nm, BUrITHI RIS 1 SEBLHOE K
h 5N RENEIAFEY . KRB A/ETFIRIPLERT % A= %5 (Stanford Research Systems, DG535), 5ot
SRIE R, SOGB4 (Osram Sylvania, SFH203FA) 20 2G5 5 Gk B bk
&9 2E PPN & s, EHGIESOR = 40 4l & SRE & A g AldE , v SEaiotas . i
X5 =4EAiRs G E RS AT, Z4E0i8 GBI & A5 5 5 i B ) SE B L B
;MEesh, HHEEREMN 1 mm/s, SEERESH G 10 mmx10 mm B XIFFE T34, SRS REE 100
AT S REE S, ERNE 6 K. ARBURERN JEIEE S iR RGN, Pt i 35 & A
1.5 ps, BUFHFTHIZE A 1 ms,
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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 content 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 )
+ =
2 HR5VE
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SLIRARHNZREE T 17 A A Li,0 & 2 A AR T &, B2 )8R T Li,0 &84 2. 52% 4% 1
FEM P B LIBS Y%, WT LUK IAEIZ LI 454 TG A 3 i E0e b . il il 5 NIST R ki 4
FERTH AT R P, FREBCE N A A C ZE AL 1308, 215 nm, Al T 396. 152 nm. Sil288.158 nmF1O I
777.194 nm, [EH HARCRE LA B Li1610.354 nm, Li I 670.776 nm #1Li I 812. 623 nm % 2 ZH4F1E
W, HIYRI BB RIFES R . X RN THEOTRERN B E S o L, Nz bRk
HABRKMBRIEILE, ORISR B R OGS AT a8 . 3o, el [ RERECE] I A Ca |
396.847 nm, Na I 588.995 nm MK I 766.490 nm Z£ it H M & STk, RS TREMEAER K
FREIRTY) . A ZEEE(KAL(AISLO,) (OH),) 240 W4y

R T AR A Wy SRR 0 R B A MG EE R 52, X E A AT TSI L0 S8 T LiseRTELL |
610.354 nm, Lil 670.776 nm A1 Li I 812.623 nm LAY, HIEI3A WAL, & S AN (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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WHOL K. KRR CIEEEN” R B Na I 589.592

0. 123 nm) LT F 2RV 5 Cal 610. 272 nm i Ca 1610272

WL EVE A4 9. 1T Cal610.272 nm 5 Hr gy 11%5{5572%776 K 1 766.490
WL L 1 610. 354 nm )P K24 0. 082 nm, 52 5 mmmmfﬁﬁz
S PR, —H TR TR SN ER 30 M#xm%
g, ORI B BT S BR b Lifl Ca T LR £ Call 393366 AIT396.152 N oA
WU R AE Li o SEEERII, S5 T ARG Li an I/:Ioi :‘:401 C:j]::::; 1812623
JE - P2 A P 2 R ST e /) A 04 ) A R - i S OAL o TS 1812645
W, ELI T 610.354 nm i ek kA 7 P E ) H W% WM
WSR2 0 Li b 2 Rk E R, —

200 460 6(I]0 S(I]O
SHEGELREA RIS B RAMEZL, CastRR Wavelength/nm
SRR I I, S50 T8 vy A2 B 17 HE AR 00 LIBS
WAE 2 Ca {%%jﬁ%fﬁ G A Fﬁfm%fﬁéjé:{ﬁiﬁ Fig. 2 Typical 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

contents

2.2 A—aiE
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HER 25 (RSD) /3 A 5 0L . MEI R T L WA, 20 H— b AL S T FE Sl ) °F- 2 RSD B AR AL B
A2 TR (12, 3% R 1. 6%) o [ S:H RSD (35 K A8 I — AL R 3. 9% F& = I —AL 5 i 2. 5%,
I/ ME I 0. 94% B 28 0. 43%., VA —1b )5 Fr A A Y RSD YRR 3. 0% LA, I —{L 7 ikRes
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2.3 EERH

R T SEBOENEAP Lie R E AT, B R 17 ARSI E — bR VR A IR T A e b
B, SRA LT 812. 623 nm i Zki A — ko BTG, S5 R MBI S PR, 45 ERH I E R
(R*)ik%10.993, FUAFEIZIREVEHIN, LiotEAELAEE S 1,0 & 82 ) AR & et 6
% Ay Je SR IR i 0 5 B U A o] S0 S

K4 3 AN S BRRE i AR SE I8 7 0 0 AT 6 RGN, 25 SRS 2 Bk, BTAS Li,0 & &4 34 (0. 61+
0.02)%. (2.93+0.03)%FH1(4. 23+0. 08)%, 5HFhh6 KM EAELAY RSD 40514 3. 0%, 1. 1% F1 1. 9%, A&7
AR 1Y) AR 1R 2% (RMSE ) ] 35 0. 062,

B UEARGIN 7 VA A, RS R R R IR 55 PR 4\ S BT PR UE YS/T 509. 1-2008 1)
e 25 5 (Li,0 S & 43 4 0. 56%., 2. 92% F14. 19%)FEATAFE, W 3 /R, o] LU 45 SR 55 H = {6
FARSERWE , AR RS HIAE 0. 10% LAWY, FHXHI SR ZEAE9. 0% LA o Hovhil i3 25 2 2oRIE
THOEHkhRE RIS . FER I SIPE L RO AR S S s R S B 22 5 . LOREE SRR, 1%k
I 7532 LA % o ) L) o R B L U E AR P, BB o R ROV A i O DR A D R S = 40 B
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3.9 - - ~Average KSD %; %onnaliizaid data) ipd U vRiagmn [ %]
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g T > d %
= 24 s d

I 205 A
Il e BT -t . o E o
/ I ’E P i B Training set
1.6 0.94] =
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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-
Li1812.623 nm tents
A2 AR A bR R 22 R A 2
Table 2 Relative standard deviations and root mean square deviations of the normalized intensities
Sample(content) Normalized in- Normalized in- Normalized in- Normalized in- Normalized in- Normalized in- RSD/% RMSE
tensity 1 tensity 1 tensity 1 tensity 1 tensity 1 tensity 1

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
FEdh 3(4.19%) 9.24x10™ 9.48x10™ 9. 45x10™ 9.10x10™ 9.41x10™ 9. 49x10™ 1.9

F3  LIBS I S2s R HEmi PR

Table 3 Comparison of prediction parameters of the samples

Standard content (%)
0.56

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

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

AT LIBS 200 R 48, SCHL T HRVEA S EAODu . RN 2 . SCIRXTEL T Li e R 24
FRIEIG 2R, HERR T 52 5L0RTFHA B WOSCRON 520 35 28, B Z4mfiE Li 1 812. 623 nm VATt k. &
Jeik SRR AN S, AR E MER R T RS, HESIRSDAES. 0% LU T . BE TG4
PG R AR L R A 2R PR A P (R°=0. 993) , TR E AR A il & AE A0 RSD 435014 3. 0%, 1. 1%
1. 9%, FESEEMRY IR ZZ{CN 0. 062, UEBHIZASIN 7 ik BA B 0 Fa e PR R eI . IR oe 4t Rk
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