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Fig. 1 Structural sketch of LIBSOPA 200
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Table 1 Certified reference material of iron ores

w/ %
T V00 5T G p s c
Certified reference material No.
YSBC28742b-2011 0.083 0.029 0.071
GSB03-1804-2005 0.376 0.023
GSB03-1805-2005 0.074 0.234
GSB03-1806-2005 0.073 0.021
GSB03-2025-2006 0.034 0.0071
GSB03-2027-2006 0.0013 0.002 8
(GSB03-2853-2012 0.119 0.258 0.31
GSB03-2854-2012 0.016 0.107 0.119
GSB03-2857-2012 0.073 0.442 0.204
YSBC14729 0.037 0.02
ZBK321 0.039 0.637
YSBC19721-2011 0.0049 0.013
GSB03-2023-2006 0.078 0.02
GSB03-2855-2012 0.036 0.439 0.227
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Table 2 Comparison results of net intensity in

different analytical environments

JG# Element KA Air Ar
P 26 9265
S 228 5136
C 14492 20039
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Table 3 Effect of vacuum degree on RSD of the

determination results of P, S and C %

JG#E Element 50 Pa 80 Pa 110 Pa 140 Pa
P 4.0 6.8 7.3 9.2

S 5.1 5.7 6.2 11.2
C 3.3 5.9 7.0 7.4
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Table 4 Related parameters of the calibration curve

AN R

Correlation coefficient

il £k 0 72

Curve equation

TLH STt £k AL
Element Analytical line/nm  Linear range w/%
P 178.3 0.0013~0.376
S 180.7 0.0028~0.258
C 193.1 0.071~0.31

0.998 Y=0.1008 X?+40.2137 X —0.009 4
0.997 Y=-—0.2255X2+0.9968 X —0.0351
0.998 Y=0.2692X%2+0.3817 X +0.0290
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Table 5 Quantitative analysis results of iron ore certified reference materials by LIBS w/%
FruE®) i CRM T H Ttem P S C
I 0.083,0.079.0.086,0.078,0.089 0.020,0.017.,0.016,0.018,0.020
RAEES 0.083 0.018
GSB03-2023-2006 AE A 0.078 0.02
15 22 0.005 0.002
VIR A E S 0.006 0.002
W 5E 0.037,0.034,0.034,0.041,0.040 0.445,0.421,0.440,0.441,0.435 0.238,0.266,0.217,0.250,0.232
S 1H 0.037 0.436 0.241
GSB03-2855-2012 AE(E 0.036 0.439 0.227
2% 0.001 0.003 0.014
IR ASH E S 0.001 0.006 0.004
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Rapid and quantitative characterization of phosphorus. sulfur and

carbon in iron ore by laser-induced breakdown spectroscopy

GUO Feifei' , XU Peng',CUI Fei-peng”, LI Xiao-peng”
LIU Jia' ,SHEN Xue-jing **
(1. Central Iron and Steel Research Institute, Beijing 100081, China;
2. NCS Testing Technology Co., Ltd., Beijing 100081, China)

Abstract: When phosphorus, sulfur and carbon elements are analyzed by laser-induced breakdown spectros-

copy (LIBS), the analysis wavelength is generally between 165 and 200 nm, which is the vacuum ultravio-

let spectrum area, and there are certain difficulties in quantitative analysis. According to the characteristics

of iron ore samples and the characteristics of the analysis elements, phosphorus, sulfur and carbon in iron

ore certified reference materials which were tablet pressed (pressure was 20t, constant pressure time was

10s) was quantitatively characterized by LIBS technology. The final selection of the sample chamber envi-

ronment was evacuated and filled with argon (Ar), and the vacuum degree of the sample chamber was 50 Pa.

The ablation conditions for excitation were 20 pre-ablation and 30 ablation. The calibration curve of quanti-

tative characterization of phosphorus, sulfur and carbon were drawn with the linear correlation coefficients

of 0.998, 0.997, and 0. 998 respectively. Thus, a quantitative characterization method for composition in

97



GUO Fei-fei, XU Peng,CUI Fei-peng,et al.Rapid and quantitative characterization of phosphorus,
sulfur and carbon in iron ore by laser-induced breakdown spectroscopy.
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iron ore was established based on LIBS technology. Phosphorus, sulfur and carbon in the iron ore certified
reference material was analyzed quantitatively by the proposed characterization method. The analysis re-
sults of phosphorus, sulfur in the certified reference material of GSB03-2023-2006 were consistent with the
certified values. The analysis results of phosphorus, sulfur and carbon in the certified reference material of
GSB03-2855-2012 were consistent with the certified values. The results showed that LIBS could realize rap-
id quantitative characterization for phosphorus, sulfur and carbon in iron ore.

Key words: laser-induced breakdown spectroscopy (LIBS); iron ore; phosphorus; sulfur; carbon; quantita-

tive characterization
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