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A Comparative Study of Sulfate and Chloride Intrusion in Mortar Sections:

An Approach Using Laser Induced Breakdown Spectroscopy and Ion
Exchange Membrane
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Park, Won-Jun This research aimed to conduct an empirical assessment of the penetration of chloride and sulfate ions
Tel : 82-33-570-6529 into mortar sections using an anion exchange membrane(AEM) and laser-induced breakdown

E-mail : wjpark@kangwon.ackr  spectroscopy(LIBS). The study involved a simultaneous ion chromatography(IC) analysis and LIBS
analysis performed on mortars immersed in varying concentrations of chloride and sulfate. The
findings revealed that at the wavelengths specific to Chloride(837.59nm) and Sulfur(921.30nm), the

Received : March 28, 2023 LIBS intensity achieved using AEM surpassed that obtained with a paper substrate at equivalent
Revised :May 10,2023 penetration concentrations. A robust correlation was confirmed between LIBS intensity and chloride
Accepted : June 7,2023 ion concentration. Furthermore, when juxtaposed with IC analysis concentration outcomes at identical

depths, the AEM displayed a higher intensity. The research noted an enhancement in LIBS intensity and
a diminution in errors within the low-concentration section when deploying AEM. However, for the
Sulfur wavelength of 921.3nm, there remains a need to augment the sensitivity of the LIBS signal within
the low-concentration section in future studies. The findings underscore the potential of employing
AEM and LIBS for precise analysis of chloride and sulfate ion penetration into mortar sections. This
strategy can aid in bolstering assessment precision and mitigating errors, particularly in regions with
low concentrations. It is recommended to further research and develop methods to amplify the
sensitivity of the LIBS signal for sulfur detection in low-concentration sections. In sum, the study
accentuates the significance of employing advanced techniques like AEM and LIBS for efficacious and
precise analysis in the domain of mortar section assessment.
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Table 1. LIBS specifications

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

2.2 NeH| R A =ZH|
2 Aol = AeET St BAS REEEE Y O = sk, A A= Table 29+ 22 232 E vligdol|l A #2224
£ A Azt R 2el2h 9100x200mme] 3712 A2 R 2 el AFAl= R T 0100x50mm 27| &2 Aslo] =
2%, 4%2] NaCl(aq) 2} 5. 5%, 10%2] Na,SO4(aq)oll 304 7F 2] STt [R| Sof ke =2 drksto] ik gl
oto] PekE AT O1E WA gRlsha, e v S A 2 Zlod & Fafjste] R8-a SRl HAIste] A2t
E(EHID)E 824171 8N A FE LIBS E413} IC(Ton Chromatography) 22440l AR&5Ict, 414 0 2 7} Zlo|H LIBS
A48 8ENL A= T 10gS 40ml SFoll A & AFFolol A2 8o, IC 48 852 Aeid 5g=
20ml ZFroll AR & AEZ0]of A gMoltt ¢3100x50mm Al E A 2] Arkapg ol A T 2418 v 2i5to], 2] A]
A= 10mm FA12] 47) 2 FEECE NaCl(aq)2t Na,SOy(aq) 2] ‘w2t T Zlod AJgA| F/3-2 Table 33+ LTt

Table 2. Mix proportions

Specimen size w/C Water Cement Fine aggregate ~ Coarse aggregate AE
(mm) (kg) (kg (kg) (kg) (%)
?100x200 0.56 170 305 906 924 0.5

Table 3. Outcomes of concentration and LIBS analysis

Immersion in NaCl(aq) solution Immersion in Na,SO4(aq) solution
Specimen Concentration ~ Cutting depth ~ Immersion and cutting condition Specimen Concentration  Cutting depth
No. (%) (mm) No. (%) (mm)
CL-2-1 2 10 SO-5-1 5 10
CL-2-2 2 20 SO-5-2 5 20
CL-2-3 2 30 SO-5-3 5 30
CL-2-4 2 40 SO-5-4 5 40
CL-4-1 4 10 SO-10-1 10 10
CL-4-2 4 20 SO-10-2 10 20
CL-4-3 4 30 SO-10-3 10 30
CL-4-4 4 40 SO-10-4 10 40

23 BEEMILLIBS 53
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Figure 2. Methodology for sample preparation
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Table 4. lon Chromatography results(unit: kg/m?)

Specimen Chloride contents Specimen  Chloride contents ~ Specimen Sulfate contents Specimen Sulfate contents

CL-2-1 3184.96 CL-4-1 439831 SO-5-1 1563.89 SO-10-1 2002.54
CL-2-2 491.36 CL-4-2 669.10 SO-5-2 639.42 SO-10-2 828.46
CL-2-3 427.12 CL-4-3 501.92 SO-5-3 762.76 SO-10-3 791.10
CL-2-4 471.76 CL-4-4 498.44 SO-5-4 886.44 SO-10-4 818.75
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Figure 3. LIBS analysis of chloride penetration in mortar
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Figure 4. LIBS analysis of sulfate penetration in mortar(with AEM dipping)
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