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ABSTRACT 

For general reinforcement of the concrete have a strong alkaline environment, it does not rust by the passive film 
made on the surface. But, passive film by neutralization progresses is destroyed corrosion of rebar begins to. Formation of 
the film when the salt is present will be incomplete to induce the rebar corrosion caused the salt damage. Rebar corrosion 
of this salt damage in the concrete is accelerated by the presence of chloride ion. Cause cracking and peeling volume 
expansion of corrosion products in concrete. A phenomenon that does not function structures due to corrosion of 
reinforcing bar. As a measure of the reinforced concrete structure by which damage from salt water was a factor, the 
section repair material in which the nitrite type hydrocalumite salinity absorbent was mixed has been developed. The epoxy 
resin to which the nanocrystal layered double hydroxides which is a salinity absorbent agent was added is developed as 
new repairing materials, grasp and inspection of the basic nature about the salinity absorb effect were performed. As a 
result, it shows that chloride ion is absorbed in the state including the salt in the sodium chloride aqueous solution and the 
cement paste. 
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INTRODUCTION 

A defect of a crack in the coast neighbourhood 
occurs in recent years. A reinforcing rod corrodes 
reinforced concrete structure early by permeation of the 
coming salinity. The progress of a crack and degradation 
of exfoliation have been caused. Anti-freezing agent of 
calcium chloride is used to prevent a freeze on the road at 
a cold district. It is degradation of road bridge floor slab 
has formed by the caused [1]. Therefore, damage from salt 
water degradation of reinforced concrete structure has 
caused. As one of the measures, the new materials and 
new method for the material to absorb the chloride ion 
which has an influence on corrosion of a reinforcing rod 
was utilized have been developed [2-5]. 

These research and development use salinity 
absorb agent for concrete and section repairing materials. 
It makes them immobilize chloride ion by mixing nitrite-
type hydrocalumite and an ion exchange resin, and it is cut 
with preventing the reinforced corrosion which is a 
degradation factor of concrete [2, 4, 6]. It is believed it is 
various adaptations future. 

It is repaired from the traditional using epoxy 
resin and the acrylic resin of the organic material to a 
crack of the reinforced concrete structure in the damage 
from salt water degradation environment [5, 7]. There is 
fear of re-degradation by reinforced corrosion after a 
repair in the state from which a chloride in in the concrete 
and the reinforcing rod surface is not removed sufficiently 
for these material [8]. When it is possible to add the 
salinity absorb effect to epoxy resin, danger of re-
degradation after a repair can be reduced. So, the 
application to the various degradation situations can be 
expected. 

There is a research for grasp and inspection of the 
basic nature of the salinity absorbent type organic 
repairing materials. The nanocrystal layered double 

hydroxides were mixed to use and the salinity absorbent 
effect was confirmed. 
 
Salinity absorb agent 

Layered double hydroxides are a laminar double 
hydroxide of magnesium aluminium. (Layered double 
hydroxides are outlined below LDH). LDH has the 
performance which takes an anion between the layer and 
exchanges absorb for a maintained anion. But, the 
crystallite size in LDH is big at least more than 30 nm. 
And a problem is pointed out to the small absorb effect of 
anion [9]. In the case when conventional LDH was mixed 
in epoxy resin and it was used as crack injection material, 
the epoxy increases in the viscosity and degrade repletion 
by a crack size. The crystallite size will be done smaller by 
this research. It improved the anion absorb effect and 
focused to the nanocrystal layered double hydroxides, 
which can suppress increase of the viscosity [10] 
(nanocrystal layered double hydroxides outlined below 
NLDH). The nitrate type NLDH has the ion switching 
function that maintains nitrate ion during a layer, absorbs 
the chloride ion (Cl-) which influences corrosion of a 
reinforcing rod and makes them release nitrate ion (NO3

-) 
at the same time. The absorb effect of the chloride ion and 
a release image of nitrate ion of the nitrate type NLDH are 
indicated in Figure-1. The structural formula of NLDH is 
indicated in the Equation. (1).  
 
[Mg1-xAlx(OH)]x+(An-

x/n)x-・mH2O                                  (1) 
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Figure-1. Nitric acid type NLDH absorption. 
 
MATERIALS AND METHODS 

The salinity absorb effect of the epoxy resin in 
which NLDH (outlined below NLDHEP) in the salt water 
was mixed. Influence by the difference in the surface areas 
exerted on the salinity absorb effect of the NLDH mixed 
epoxy resin in the salt water was estimated. A test piece 
used hard epoxy resin for epoxy resin (hard epoxy resin 
outlined below hard EP). The NLDH mixture amount was 
set to 0% and 20%. The volume of each sample was made 
unification. (4.1ml) Shape each using two types of 
12.7mm × 12.7mm × 25.4mm (outlined below vs.) and 
4.1mm × 10mm × 100mm (outlined below vb.). The test 
piece summary shown in Figure-2. The soaking brine was 
used sodium chloride aqueous solution 1 liter 
concentration, so that the exchange adsorption amount of 
chloride ions of nitrate and sodium chloride in an aqueous 
solution of NLDH in NLDHEP20% is made with an equal 
amount and adjusted to 197.7ppm. Sodium chloride 
aqueous solution placed in a plastic container, were tested 
specimens hung with a thread made of nylon. Shows the 
immersion test outline in Figure-3. 
 

 
 

Figure-2. The test piece summary. 
 

 
 

Figure-3. The immersion test outline. 
 

After the immersion, 3 days, 7 days, 14 days, 21 
days and 28 days an aqueous solution of sodium chloride 
were collected after were quantified chloride ion and 
nitrate ions by anion chromatography. Container in the 
immersion is a constant temperature bath of 23, the curing 
in a thermostatic bath of 60 for the purpose of promotion 
of ion exchange was carried out. The properties of the 
epoxy resin are shown in Table-1. The test case is shown 
in Table-2.  

 
Table-1. Properties of the epoxy resin. 

 

Resin  Specific gravity 
Viscosity 
(mPas oC) 

Tensile 
strength 
(N/mm2) 

Tensile 
elongation 

percentage (%) 

Compressive 
strength (N/mm2) 

Hard based 
low viscosity 
epoxy resin 

A liquid: 1.15 

300 More than 50 3 or less More than 50 B liquid: 0.95 

Mixed liquor: 
1.08 

 
Table-2. The test case. 

 

Material  

Soaking condition 

High temperature (60 oC) Low temperature (23 oC) 

Surface area (Big) Surface area (Small) Surface area (Big) Surface area (Small) 

EP o   o     

NLDHEP o   o    o  

 
 Salt adsorption effect of epoxy resin mixed with 
NLDH. It was verified with adsorption effect of NLDHEP 

for the chloride ions in the cement paste. Verification 
method placing joint the NLDHEP the cement paste cured 

ClˉClˉ

NO₃ˉ

NO₃ˉNO₃ˉ

NO₃ˉ

Clˉ Clˉ

12.7mm
12.7mm

25.4mm

4.1mm

10mm

100mm

Epoxy

Epoxy

1L of sodium chloride
aqueous solution (197.7ppm)

plastic container

Epoxy



                                    VOL. 12, NO. 8, APRIL 2017                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              2727 

product obtained by mixing salt. The adsorption and 
migration of chloride ion was verified by electron 
microprobe. NLDHEP went the visualization of the 
movement of nitrate ions to release a chloride ion 
adsorption. Cement were used normal Portland cement 
with density of 3.16g/cm3 and W/C=60%. Sodium 
chloride mixed into the cement paste is the 1.2kg/m3 in the 
chloride ion content. Formwork using a 5mm × 5mm × 
10mm. The cement paste was casting an epoxy resin in 
after casting. After creating a specimen was aged for 7 
days at a constant temperature bath at 23 °C and humidity 
60%. Cut at a position of 2mm from the top surface after 
curing. After cutting a specimen was aged for 38 days at a 
constant temperature bath at 23 °C and humidity 60%. 
Analytical range is at both ends 2.5mm than the 
measurement surface. After analysis by EPMA, a 
specimen was aged for 30 days at a constant temperature 
bath at 60 °C and humidity 60%. The test piece summary 
shown in Figure-4. 
 

 
 

Figure-4. The test piece summary. 
 
RESULTS AND DISCUSSIONS 

Figure-5 in the concentration of chloride ions in 
the salt water immersion test in. The concentration of 
nitrate ions is shown in Figure-6. EPVS and EPVB as 
shown in Figure-5 did not change. But, NLDHEP decrease 
in the chloride ion concentration in the brine was observed 
in all conditions. It also changes decrease with changes in 
the surface area. It is also changes decrease with the 
change in temperature. NLDHEP in Figure-6 indicates 
nitrate ion concentration has increased over time in all 
cases. 
 

 
 

Figure-5. Salt water immersion (Cl-). 
 

 
 

Figure-6. Salt water immersion (NO3
-). 

 
Surface and temperature increasing amount is 

found to be larger and increases. Salt adsorption by ionic 
exchange NLDH mixed in the epoxy resin becomes even 
evident in salt water immersion test. It can be seen that the 
penetration of chloride ions was not seen in the epoxy 
resin. NLDH of the surface of the NLDHEP is adsorbed 
chloride ions. Chloride ion in the epoxy resin is presumed 
that is going to be taken. But, this mechanism does not 
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become apparent. It is considered to be the future of the 
study is required. 
 

 
 

Figure-7. EP Cl- mapping. 
 

 
 

Figure-8. NLDHEP Cl- mapping. 
 

Figure-7 and Figure-8 show the Cl- mapping 
results of the EP and NLDHEP20% of EPMA. Figure-7 
(a) is a test piece that was carried out 45 days curing in the 
curing bath of 23. Figure-7(b) is to show the specimens 
was further one month curing in the curing bath of 60 . 
The figure shows the left side is the cement paste; the right 
side is an epoxy resin. EP from Figure-7 was not seen the 
movement of chloride ions. Change of chloride ion in 
Figure-8 (a) was not observed. It can be seen that the 
chloride ions in the cement paste is moved toward the 
NLDHEP20%. NLDH It is considered that the adsorbed 
chloride ions in the cement paste. Figure-9 shows the 
EPMA results of NLDHEP20% of N. Figure-9(b) nitrogen 
ion content in the region of the epoxy resin is reduced. It 

can be seen that the nitrogen ions of cement paste region is 
increased. NLDH is considered to be reduced and the 
increase released by adsorption and nitrate ions chloride 
ion. By the above salt adsorption and nitrate ion release of 
NLDHEP has been confirmed. 
 

 
 

Figure-9. NLDHEP NO3
- mapping. 

 
CONCLUSIONS 

In the present study was to verify the salt 
adsorption effect of epoxy resin mixed the NLDH a salt 
adsorbent. As a result, the following findings were 
obtained. 
 
(1) NLDH mixed epoxy resin is considered to be 

effective salinity adsorption and nitrate ion release. 
(2) Ion exchange rate of NLDHEP was confirmed to 

increase with increasing surface area and temperature. 
 

 
 

Figure-10. NLDH mixing epoxy resin applications. 
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Figure-10 shows the applications example of 
NLDH mixed epoxy resin of hopes future. NLDH mixed 
epoxy resin is required to proceed with the verification of 
the effect of the adsorption and release, as compared to the 
conventional repair material as shown in Figure-10. In the 
future, it requires elucidation of the detailed mechanism of 
release of NLDH of Cl- adsorption and NO3

-. It is 
necessary to verify the salinity adsorption effect 
simulating the actual structure. There is a need to verify 
the environmental conditions and detailed anti-corrosion 
performance. 
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