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An Experimental Study on the Properties of Chloride Binding of
Mg/Al1-NO3 and Ca/Al-NO3; Layered Double Hydroxides in Solution
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Abstract

Chloride ions ingress continuously in reinforced concrete through pores of it by CI.

Finally, it causes a

localized corrosion of the rebar and then it generates cracks on concrete structures. Recently, new materials
removing harmful anions have been developed. Layered double hydroxides(LDHs) has an excellent ability to
remove harmful anions because various anions can be adsorbed in the interlayer space between divalent and
trivalent cations. Thus, LDHs has been applied in various fields. Especially, LDHs is expected to be effective
adsorbent binding chloride ions. In this study, Ca/Al-NOs; and Mg/Al-NOs; LDHs were prepared by using a
co—precipitation method. Ca/Al-NOs; and Mg/Al-NOs; LDHs were compared and analyzed by using XRD, SEM
analysis. Many nano size hexagonal crystals were observed by SEM. Experiments for binding chloride ions of
LDHs were conducted by using potentiometric method. The experimental data were measured every 15
minutes. It was observed that the chloride ion content is reduced by increasing of LDHs mass fraction and the
reaction rate of Mg/Al-NOjs is faster than Ca/Al-NOs. In future studies, binding chloride capacity in cement
materials will be evaluated based on results of this study.
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An Experimental Study on the Properties of Chloride Binding of Mg/Al-NOs; and Ca/Al-NOj; Layered Double Hydroxides in Solution
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Figure 1. Basic structure of LDHs
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Figure 2. Anion exchange process of LDHs
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Table 1. Examples of the pollutant removal of LDHs
Researcher LDH Adsorbate Note
Tsugio Sato Mg-Al Chloride Anlon—adsorp}loDnHestlmatlon by
' phosphate ion exchange
Ak}l(r:ngoé%ti)o, Mg-Al  Phosphate properties of
a hydrotalcite-like compund
. _ . Arsenic removal from
Sim Jae Ho  Ca-Al Arsenic artificial arsenic water
Chloride adsorption by calcined
Seyoon Yoon Mg-Al Chloride layered double hydroxides in
hardened Portland cement paste
Chloride binding of synthetic
Yuxuan Chen Ca-Al Chloride Ca - Al- NOs LDHs
in hardened cement paste
Kang M Ra  Mg-Al Chloride Layered Double Hydroxide and

its Anion Exchange Capacity
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Table 2. Experimental factors and levels

Level
Factor - . -
Wig) CI (@ LDH (wt%) Agitation time
0
0.03
0.06
150 0.006 0.13 15 min
Ca/AlI-NO3 0.20
Mg/AI-NOs 0.26
0.33
0.026 0.01
100 0.052 0.10 025, 1, 4,12, 24 h
0.104 0.50
32 AENE ¥ MEwH
LDHs2] gHdulH o2 2 (Co—precipitation), E—

A2 (Salt—oxidemethod), $-E7F=E-a)3 (Induced
hydrolysis method) 53 2= MR Az WHEo] ok
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Figure 3. Flow chart for preparation of LDHs by co—precipitation

Figure 4. Synthesis of LDHs(Mg/AI-NOs and Ca/AI-NO3)

3.3 +2YLH LDHs(Mg/Ca)Z 20l IE 0|2 2 H
+ 72 LDHs?| o2y adkE oI5| ffslo] =
9 14101]*1 Aehedds APt SR 150mlof
NaCl 3EEA19F 0,01g(Cl ZRAEA] O .006g)S =Yat3irt,
WHES rpm 15000 £E2 158 3 AlRA SRS 95
4329 5 Cycle® ZXES AA7|1E E5l0] 248190} =
G TR A1) 018510] 5 Aol 2 Ay,

Cl (%) = 3.5453><($V_0.1) __________ (1)
7|4,V ! titration volume of AgNO;

at the equivalence point (ml)
N : normality factor
W : mass of sample (g)

3.4 £=2YL| LDHs2| o|2mEtA|Zto| [ME 0|2 ¥
SAMEH] 0,4%2) AHE HO|AE HITHS ALE5}o]
ARIEZ} ] ohe 4-gotolA] AlES Kaysiolrh

4gol0] o)L kS Table 39] Ee)E HEAA

(2009)0] 1A=} = B gAoIMe] Aole A

a}5% 1.2kg/m’S 71202 Table 29} o] Aallch

AlHPHO g = Z2e s 100ml°1] NaCl #=A19F} LDHs

2 7 Sw BOIE T Ha 158K 2] 24X

ZAs19lrt,

Table 3. Threshold chloride content

standard Chloride Content Limits Cl (kg/m?)
Concrete : CI” 0.3 kg/m® 0.30
KS F 4009  CoarseAggregate : Under NaCl 0.04 % 0.19
Fine Aggregate : Under NaCl 0.04 % 0.19
Concrete .
Standard Threshold Chloride content : 1.2 kg/m 0.72
Specification
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(a) Ca/AI-NO3 LDHs

Hanyang 15.0kV

(b) Mg/AI-NOs LDHs
Figure 5. SEM images of synthesized LDHs
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Table 4. Physical properties of LDHs

Chemical composition (%) Ca/Al-NOs Mg/AI-NQO3
Sodium oxide(Naz0) 3.19 7.32
Magnesium oxide(MgO) 0.22 46.81
Aluminum trioxide(Al,Os) 26.95 34.08
Silicon dioxide(SiO») 0.03 1.08
Sulfur trioxide(SOs) - 0.10

Potassium oxide(Kz0) - -

Calcium oxide(CaO) 55.68 0.22
Iron oxide(Fex0s) 0.02 0.02

:
(1) Literature LDH
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Figure 6. XRD analysis of LDHs
(1) XRD of Previous literature and (2)XRD of synthesized
LDHs
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