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Abstract

LIBS has been attracting attention as an analytical method capable of real-time measurement without sample
preparation. In this study, a Lab. scale LIBS device was fabricated to examine the applicability and reproducibility of
LIBS in the analysis of chloride contents in mortar. The existing analysis method and LIBS analysis were performed
simultaneously on the mortar test specimen with the chloride content adjusted. Compared to the chloride content
condition of the mortar, the XRF and Potentiometric Titration results also showed a similar trend. As a result of LIBS
analysis, chlorine ions were detected at a wavelength of 83759 nm according to the chloride content condition. In
order to improve the precision in various concentration ranges, the LIBS signal amplification of about 50 times
through the electric field enhancement was implemented. Through the verification of the aqueous solution—based
reproducibility, a high correlation between the LIBS signal strength and the Cl concentration was confirmed, and the
possibility of applying LIBS to the durability diagnosis of concrete damage by chloride was confirmed.
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Analysis of Chloride Content in Aqueous Solution and Mortar using Laser Induced Breakdown Spectroscopy
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Table 1. Evaluation criteria for the chloride content of concrete
Criteria Chloride ion content (cL) (unit: kg/m?) Score

a cL < 0.15 1

b 0.15 <cL < 03 3

c 03 <cL <06 5

d 06 <cL <12 7

e 12 < cL 9

Table 2. Comparison with existing analysis methods(8)

SEM-

Classification LIBS XRF EDS EPMA  ICP-MS
P 10~50 100 1000 100
Sensitivity ppm ppm pom ppm < 1 ppm
Precision good good low normal  excellent
Accuracy* Q%T Q%T QL QQT QT
Specimen ' ! ) -
shape All Solid Solid Solid Liquid
50~ 100 ~100 ~5 <1 _
Depth um um um m 80 um
Measured fast fast slow slow slow
velocity
Convenience simple simple technician
Discrimination good good low normal  excellent

*QQT: Quasi—quantitative analysis, QL: Qualitative analysis,
QT: Quantitative analysis
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Figure 1. Schematic of lab. scaled LIBS

Table 3. Specification of LIBS

Division Specification

*  Wavelength: 1064/532nm

Q-switched o Pulse energy: max 1200mJ (1064nm) /
Nd:YAG Laser 400mJ (@ 532nm)

* Pulse width:~10ns

Spectral coverage: 190 to 1040nm
Gating control: 50ns to 1ms with 25ns step

Spectrometer

10ns Timing resulution

Pulse generator <5ns Channel to Channel Jitter

rise time: 1ns

Photodiode Wavelength range: 200 to 1100nm
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Table 4. Mortar specimens and LIBS focusing

No. Classification LIBS focusing
St C+ W + S+ NaCl (null)

S2 C+ W+ S + NaCl 0.6 kg/m He i
3 C+W+S+ NaCl 12 kg/m {.'.,.
S4 C+ W + S + NaCl 24 kg/m - e
S5 C+ W + S + NaCl 4.8 kg/m

* C(OPC type ), W(water), S(sand), C:S=1:3, W/C=50%

Table 5. Results of potentiometric titration and XRF

Potentiometric Titration XRF

No. Concentration Cl ion Concentration
(Wt%) (kg/m®) (Wt%)

St St 0.065 1.47

S2 S2 0.026 0.59

S3 S3 0.088 1.99

S4 S4 0.159 3.60

S5 S5 0.255 577
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Figure 2. Cl peak of mortar by LIBS
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Figure 3. LIBS signal (Cl @ 837.59nm) enhancemnt by electric field
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Figure 4. LIBS signal change by NaCl (ag) concentration

Table 6. LIBS signal intensity

Concentration Intensity @ 837.59nm
0.1% 1,203.1
0.5% 2,665.5
1.0% 8,100.1
5.0% 19,616.4
10% 46,5153
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