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Park, Won-Jun In this study, the applicability and reproducibility of LIBS in the analysis of chloride penetration in the

Tel : 82-33-570-6529 mortar section were investigated. Standard analysis (IC, potentiometric titration) and LIBS analysis
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Through LIBS analysis after making an eluate at the same depth for each concentration, the signal

intensity of chloride ions was confirmed according to the depth and concentration at the wavelength

Received : November 19,2021 0of 837.59 nm, and a correlation between the LIBS signal intensity and the chloride concentration was
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Table 1. Comparison with existing analysis methods[1,9]

Classification LIBS XRF SEM-EDS EPMA ICP-MS
Sensitivity 10~50 ppm 100 ppm 1000 ppm 100 ppm <1 ppm
Precision good good low normal excellent
Accuracy* QL, QQT QL, QQT QL QQT QT

Specimen shape All Solid Solid Solid Liquid
Depth 50~100pm ~100um ~5um <lpm ~80um
Measured velocity fast fast slow slow slow
Convenience simple simple technician technician technician

*QQT: Quasi-quantitative analysis, QL: Qualitative analysis, QT: Quantitative analysis
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Figure 1. LIBS signal change by NaCl(aqg) concentration[1] Figure 2. Fitting curve[1]
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Figure 3. Lab. scale LIBS

Table 2. Specification of LIBS

Division Specification
Q-switched Nd:YAG Laser Wavelength-1064/532nm, Pulse energy- max 1200mJ(1064nm) / 400mJ(@ 532nm), Pulse width(~10ns)
Spectrometer Spectral coverage: 190 to 1040nm, Gating control: 50ns to 1ms with 25ns step
Pulse generator 10ns Timing resulution < 5ns Channel to Channel Jitter
Photodiode rise time: 1ns, Wavelength range: 200 to 1100nm
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Table 3. Mix proportion

Specimen size Water Cement Fine aggregate Coarse aggregate AE
(mm). (kg (kg) (kg (kg) (%)
©100x200 170 305 906 924 0.5%

Table 4. Results of concentration and LIBS analysis

NaCl(aq) concentration Thickness
(%) (mm)

R-1-1 1

R-1-2 1

R-1-3 Rapid chloride 1
penetration |

Specimen No. Chloride penetration method Remarks

less than 10

R-1-4
R-1-5
R-3-1
R-3-2
R-3-3
R-3-4
R-3-5
CL-0
CL-2-1
CL-2-2 NaCl(aq) immersion condition

powder sample preparation
for each depth more than
20g

CL-2-3
CL-2-4
CL-4-1
CL-4-2
CL-4-3
CL-4-4

powder sample preparation
for each depth more than
20g
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Table 5. Results of concentration and LIBS analysis

Ion chromatography Potentiometric titration
Specimen LIBS intensity
No. Chloride contents Chloride contents Measured concentration  Final concentration (au)
(%) (kg/m’) (mg/kg) (mg/kg)
R-1-1 0.369 8.350 33.84 3384.07 9859.54
R-1-2 0.236 5.341 22.45 2245.46 5687.70
R-1-3 0.035 0.792 0.76 76.32 2635.09
R-1-4 0.020 0.453 0.72 72.37 1942.83
R-1-5 0.022 0.498 0.98 98.03 1728.45
R-3-1 0.720 16.294 59.61 5961.30 43171.77
R-3-2 0.343 7.762 22.39 2239.48 48289.98
R-3-3 0.030 0.679 1.09 108.70 4487.59
R-3-4 0.030 0.679 1.03 102.72 3443.59
R-3-5 0.030 0.679 0.92 91.67 2266.81
CL-0 0.020 0.453 0.91 91.14 2209.93
CL-2-1 0.439 9.935 31.85 3184.96 9907.59
CL-2-2 0.073 1.652 491 491.36 4156.59
CL-2-3 0.086 1.946 427 427.12 2894.29
CL-2-4 0.085 1.924 4.72 471.76 3231.73
CL-4-1 0.534 12.084 43.98 4398.31 11678.05
CL-4-2 0.096 2.172 6.69 669.10 2717.16
CL-4-3 0.073 1.652 5.02 501.92 2479.08
CL-4-4 0.075 1.697 4.98 498.44 3401.93
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Figure 4. LIBS analysis of chloride penetration in mortar sections(NaCl(aq)-1%-rapid chloride penetration)
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Figure 5. LIBS analysis of chloride penetration in mortar sections(NaCl(aq)-3%-rapid chloride penetration)
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Figure 7. LIBS analysis of chloride penetration in mortar sections(NaCl(aq)-4%-immersion condition)
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