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Abstract. This paper describes the results of the experimentally modeled chloride ion penetration
into different quality concrete structures with fully developed carbonation. Parts of concrete samples
were further treated, to increase the resistance of concrete to chloride ion penetration, with a colloidal
solution of Nano-silica or solution of Sodium Methyl Siliconate. Measurement of chloride profiles was
performed on samples subjected to free diffusion of Cl− ions and on samples subjected to accelerated
tests. The chloride ion profile in the samples was determined in layers of 5mm thickness up to a total
of 45mm. [1, 2]
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1. Introduction
The motivation for this experiment is to verify the
possibilities of using nano-sized particles to close the
porous structure of the concrete. Therefore, a colloidal
solution nano-silica (NS) or 10% solution of Sodium
Methyl Siliconate (SMS) were used for post-mix treat-
ment of concrete. The solid particles of the solution
fill up and clog the open pores that are entering points
for salt molecules into the concrete. Such a closed
structure should better withstand aggressive salt wa-
ter and thereby increase the resistance of concrete to
counteract the action of chlorides dissolved in water.
The result of this experiment is to provide information
on the amount of chlorides penetrating into the depth
of the concrete and to limit the possibility of reducing
the amount of chlorides entering the concrete struc-
ture by closing the microstructure of the concrete. For
this test were the used mixtures of concrete also fully
carbonated. [1–4]

2. Materials and mix proportions
Concrete specimens were made from Portland cement
(CEM I 42.5 R location Mokrá) as a binder and sand
and natural crushed aggregate from Zbraslav loca-
tion were used as aggregate. No other admixtures
or additives were used. In Table 1 is shown mixture
composition per 1m3. For this experiment was pre-
pared mixture so called “Normal concrete” (NO2a)
quality concrete with predicated compressive strength
over 40MPa. Second was used so called “low quality
concrete” with compressive strength around 20MPa.
Concrete was mixed for 5minutes in laboratory con-
crete mixer, subsequently was mixture cast into cylin-
drical and cubic moulds and vibrated. The samples
were unmoulded and submerged into water bath af-
ter 48 hours for mixing. Testing cubes of dimensions

150×150×150mm were used for compressive strength
test and from cylinders with 100mm in diameter and
height of 200mm were prepared test samples with a
diameter of 100mm and a height of 50mm for the
chloride migration tests.

Measured compressive strength of testing concrete
samples was 48.9MPa for concrete NO2a. This value
was determined as the average of three test speci-
mens. The average bulk density of the concrete was
2351 kg·m−3. This value was also determined as the
average of three test specimens. For concrete LO2
these numbers are: 20.5MPa and 2230 kg·m−3.

After cutting of samples was done, the carbonation
process began. Samples were left in storage box with
moisture around 65% and slow income of gas carbon
dioxide CO2. Until the phenolphthalein test indicated
that the samples were fully carbonated.

3. Used methods
3.1. Vacuum penetration
All samples were stored in desiccator in vacuum for
minimum of 2 hours. After this was done, distilled
water was poured in, so the samples were fully sub-
merged, and after than vacuum was done again in
desiccator. Thus, the samples were penetrated with
water in vacuum for another minimum of 2 hours. [4]

3.2. Natural chloride penetration
The samples were coated on the underside and the
sides with the epoxy adhesive. Than the samples were
placed in the mold base for the test of natural diffusion.
Subsequently, vacuum penetration as described above,
was performed on the samples. Next, a collar was
enclosed in the mold and the samples were sealed
from all sides except the upper surface. Then the
samples were submerged in 3% NaCl solution and,
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Binder Aggregate Water ratio
CEM I-42.5R 0-4mm 4-8mm 8-16mm water/binder

(kg/m3) NO2a 436.4 872.7 581.8 290.9 186.0
LO2 261.8 1150 581.8 291 210.2

Table 1. Definition of concrete composition.

Silica [wt.%] 50
pH 9.5
Viscosity [cP] 8
Density [g·cm−3] 1.4

Table 2. Typical properties of Levasil CB8 [5].

CAS No. 16589-43-8
EINECS No. 240-648-3
Formula CH6O3Si·xNa
Flash point >100 °C
Color and appearance colorless clear liquid
Solid contents 30%
Silicone solids contents 19%
pH value 12-13
Density 25/25 °C 1.25

Table 3. Typical properties of Sodium Methyl Sili-
conate.

top of mold was sealed to eliminate evaporation, and
kept in constant laboratory temperature (22 ± 2 °C)
for approximately 150 days. After these workflows
were done, the samples were dried in heat chamber at
55 °C for at least 7 days.

3.3. Protection by dispersion of
colloidal silica

Same as written above (accelerated migration) with
exception of using nanoparticle solutions to the side
of cathode. These solutions were Levasil CB8 (char-
acteristics of Levasil CB 8 are shown in Table 2) and
Sodium Methyl Siliconate (characteristics are shown
in Table 3). [4]

3.4. Nano-silica
Levasil CB8 colloidal solution was used in this experi-
ment. Levasil CB8 is an alkaline, aqueous dispersion
of colloidal silica that is approximately 50% solids
by weight. The silica dispersion is sodium stabilized
and the amorphous silica particles carry a negative
surface charge. The SiO2 particles are discrete, have
a smooth, spherical shape, and are present in a wide
particle size distribution. The physical appearance of
the dispersion is a white liquid, slightly more viscous
than water. [5]

3.5. Sodium Methyl Siliconate
This solution is commonly used as hydrophobic protec-
tive layer of surfaces of natural stone, like sandstone,

limestone etc. In our experiment the solution was
diluted to 10% of solid contents.

3.6. Natural chloride penetration
after protection by dispersion of
colloidal silica

Samples prepared according to the procedure de-
scribed under Protection by dispersion of colloidal
silica were used for this experiment. The penetrated
samples were then subjected to the procedure de-
scribed in Natural chloride penetration. The side of
the sample, which was exposed to colloidal silicon
solution, was then exposed to a solution of 3% NaCl.
Of course, samples were kept in constant laboratory
temperature (22 ± 2 °C) for approximately 150 days.
After that the samples were dried in heat chamber at
55 °C for at least 7 days.

3.7. Electro migration (accelerated
migration) after protection by
dispersion of colloidal silica

Test started same way as Chloride electro migration.
The surface of test sample, which was covered with a
protective layer, was putted into this chamber with
solution of 3% NaCl. Into the chamber on the other
side of the sample was solution of 0.3 M Na(OH)
added. Again, electrolytes were connected (to the
anode side with 0.3molar NaOH solution and to the
cathode side with 3% NaCl solution) to a power source
with a constant voltage of 20V for 48 hours. [4]

3.8. Description of chloride profile
measurement

On the prepared samples, the chloride profile and
the amount of chlorides in the given concrete layer
were measured. The chloride concentration was
analysed in 5mm depth-steps. It means, that the
concrete specimens were drilled in 5mm steps and
the powder from drilling was collected in amount
of 1.5 g. The samples contained material from a
depth of 0-5mm; 5-10mm; 10-15mm; 15-20mm, 20-
25mm; 25-30mm; 30-35mm; 35-40mm; 40-45mm.
The results show the values of “average” depth,
i.e. 2.5mm; 7.5mm; 12.5mm; 17.5mm; 22.5mm;
27.5mm; 32.5mm; 37.5mm; 42.5mm. The scheme of
the compared experiments is shown in Table 4. [4]
Approximately 10ml of 20% HNO3 was added to

the collected 1.5 g powder samples and the sample
was shaken carefully for approx. For 1 hour and then
let to stabilize for approx. 24 hours. [4]
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Figure 1. Electro migration chamber.

Samples
NO2a

with NS protection natural penetration
accelerated migration

with SMS protection natural penetration
accelerated migration

without protection natural penetration

Samples
LO2

with NS protection natural penetration
accelerated migration

with SMS protection natural penetration
accelerated migration

without protection natural penetration

Table 4. Scheme of experiments.

Measurement of the concentration of chloride ions
in the leaching solution was performed using the ion
selective electrode and reference mercury sulphate
electrodes SCANLAB SYSTEM. Prior to each mea-
surement, the ion-selective electrode was calibrated
in concentrated KCl solution. A total of 6 calibration
solutions of 10-4 were prepared with concentration of
10−3; 3 × 10−3; 10−2; 3 × 10−2; 10−1. The calibration
curve was set by breaking the values measured in the
calibration solutions with a determination coefficient
higher than 0.999. [4]

4. Results and discussion
All resulting values in all figures are the average values
of the measurements made on 3 independent samples.

Figure 2 shows an electrical current waveform pat-
tern in accelerated migration of chloride ion samples
over a period of 48 hours. From the current flow in
samples protected by dispersion of colloidal silica, it is
obvious that the conductivity of the colloidal solution
is lower, but also that the colloidal silicon particles in
the solution have a truly negative charge. It is clear
from this that the amount of chloride ion transferred
was less with protection of Levasil CB8.

As above in figure 2 with the difference of used
concrete. Figure 3 shows “Normal quality concrete”.
With this concrete the difference between used pro-
tective layer is extremely small.

Figure 4 shows the chloride profile in Normal quality
samples after procedure of Natural chloride penetra-
tion. In comparison to unprotected samples, protec-
tion of Levasil CB8 shows zero level of protection,
even the protected samples show higher concentra-
tions of Chloride ions that unprotected ones. The
real question is why SMS protected samples shows this
kind of graph and not the hyperbole as was expected.

Figure 5 shows the concentration of chloride ions in
the samples of Low quality concrete. These samples
were subjected to Protection of colloidal silica and
Natural chloride penetration. All of those results the
course of the chloride profile corresponds to the total
periodic hyperbole that was expected for this type of
test. Unlike the Figure 4 results we can say that the so-
lution of SMS works to some degree. Absolute results
show larger numbers that Normal quality concrete but
that was quite the point of those mixtures.

Figure 6 shows the chloride profile in Normal quality
samples with protective layer of colloidal silica. In
comparison there are samples after natural diffusion
and accelerated migration tests. Solution of Sodium
Methyl Siliconate shows better results with protection.

In Figure 7 is shown the concentration of chloride
ions in the samples of Low quality concrete. Samples
subjected to Chloride electro migration show signifi-
cantly lower chloride ion values than Naturally chlo-
ride penetration samples. The course of the Chloride
electro migration profile in the Chloride electro migra-
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Figure 2. The course of the electrical current in the electrolyte during the preparation of the samples.

Figure 3. The course of the electrical current in the electrolyte during the preparation of the samples.

Figure 4. Concentration of chloride ions Normal quality concrete, Natural diffusion.
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Figure 5. Concentration of chloride ions Low quality concrete, Natural diffusion.

Figure 6. Concentration of chloride ions Normal quality concrete, Natural diffusion.
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Figure 7. Concentration of chloride ions Low quality concrete, Natural diffusion.

tion sample suggests that only a very small amount
of chloride ions were penetrated into the sample com-
pared to Natural chloride penetration.

5. Summary
The results presented in this paper show the possi-
bility of protection of concrete structures against the
effect of chlorides dissolved in water. Many experi-
ments have been carried out, which have demonstrated
the possibility of simulating the acceleration of the
chloride ion penetration into the concrete structure.
Further experiments were performed showing the pos-
sibility of penetration of the concrete structure of
micro particles. The results here are to be further
checked on real-world constructions. The main points
can be summarized as follows:

(1.) The chloride ion penetration into concrete can be
simulated by passing the electric current through
the electrolyte.

(2.) The simulated phenomenon is highly dependent
on boundary conditions, in particular the strength
of the electric current, effect of the time of the
electric field and the concentration of the electrolyte
solution.

(3.) The dispersion of colloidal silica can be pene-
trated by means of an electric current into concrete
samples.

(4.) Dispersion of colloidal silica can have positive
results when closing the porous concrete structure.

(5.) Dispersion of colloidal silica can reduce the
amount of chloride ions dissolved in water when
they penetrate into the concrete structure.
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