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Abstract

1. Introduction

Concrete carbonation is an important factor that effect
reinforced concrete durability. One of the major consequences
of this phenomenon is the initiation of reinforcement corrosion;
reinforcement loses their protections initially protected by the
basic environment nature of concrete. The migration of CO2
takes place in the concrete through the gas phase when the
concrete is not completely saturated and through the liquid
phase in the form of carbonate ions.

By its nature, the reinforced concrete is sensitive to
atmospheric conditions and more particularly the carbonation
phenomenon, which is manifested by the penetration of
carbon dioxide. This reacts with the cement hydrates causes
a decrease in pH of the interstitial solution. Once the concrete
cover was carbonated; reinforcements initially protected are
likely to corrode. Associated disorders correspond then; to
cracks and degradation of the concrete cover by the creation of
iron oxides and hydroxides on the armatures. These can have
serious consequences on the reduction of the carrying capacity
of structural elements.

The main objective of this work is to minimize the carbonation
depth in concrete elements to increase the service life of
reinforced concrete structures by applying two types of
coatings on the concrete surface: acrylic coating in aqueous
phase and an epoxy resin coating produced by Algerian
industry. For this reason we are interested in formulating
binary and ternary concrete compositions to prepare prismatic
specimens test of (7 x 7 x 28 cm). For each compositions two
types of coatings, acrylic and resin epoxy were applied; other
specimen test have been made to follow the evolution of the
mass during the test using enclosure accelerated carbonation
and natural carbonation.
The results clearly show the beneficial contribution of the resin
epoxy coating in decreasing carbonation depth compared with
acrylic coating. In addition to that the binary compositions
of the concrete presented a good advantage on carbonation
durability.
Keywords: Carbonation, accelerated carbonation, surface
coating, acrylic, resin epoxy, concrete formulation

Reinforced concrete as structures material is widely used
throughout the world for the realization of structures in all
constructions fields. In order to increase life of these structures,
it must be protected against aggressive agents.
During the last few years; protective coatings used for protect
concrete from atmospheric attack (carbonation) were developed
by the industry to respond to technical protection requirements.
The surface protection used to minimize the carbonation
process were known as anti-carbonation coatings; they
were based on organic coatings such as chlorinated rubber;
polyurethane resins or epoxy; acrylic emulsions [2] or
inorganic coatings called geo-polymers used mostly in marine
environment [6, 19,20].
In the same context; other types of surface protection were
tested such as ethyl silicate on the reinforced concrete
structures [9].
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Many researchers have been interested in studying the
positive effect of anti-carbonation coating on the decrease
of carbonation depth [2 3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16,
17] and consequently increasing the life of reinforced concrete
structures.
This work is a part of this approach, which its main objective is
to limit the depth of carbonation by the application of industrial
surface coatings produced in Algeria in order to test their
effectiveness to protect the reinforced concrete structures
against this phenomenon.
In this paper; the selection was oriented to anti-carbonation
coatings produced in Algeria based on resin –epoxy and acrylic
emulsion [1, 5, 12, 14, 15, 16, 20].
In addition to this study, the effect of these surface coatings,
another research was conducted to investigate the effect of the
concrete composition on carbonation depth. [17]
The work was divided into two parts; the first was devoted to
the development of two concrete compositions
[12, 17]; the first was binary (two types of gravel), the second
was ternary (three types of gravel). based on these two concrete
compositions, tests prismatic samples 7x7x28 cm were made
for each composition, these were subjected to the accelerated
carbonation test in a chamber rich with CO2 as recommended
by AFPC- AFREM, measurements carbonation depth were done
by spraying phenolphthalein at 4, 7,14 and 28 days for both
compositions binary and ternary. The results clearly show the
beneficial effect of the binary concrete composition compared
to the ternary composition vis-a-vis the phenomenon of
carbonation.
In the second part of this work, other prismatic tests samples
7x7x28 have been made according to the recommendations
AFPC- AFREM, these samples were coated by acrylic coatings
and epoxy resin produced by the Algerian industry are subjected
to the accelerated carbonation test. Carbonation depths were
measured by spraying phenolphthalein at 4, 7,14 and 28 days.
The results indicate that the epoxy resin coatings are more
efficient than acrylic coatings in the protection of reinforced
concrete structures against the carbonation phenomenon;
which is in accords with the results of B José et al [15]
Other samples of coated and uncoated concrete have been
exposed to the open air to follow the natural carbonation.

Table 1 The chemical and physical characteristics of the
cement
CEM I
Sio2
42.5
20-23

The cement used was Portland cement CEM I 42.5 for both
compositions; Table 1 shows the chemical and physical
characteristics of the cement:

MgO

4.07- 4.704.80 5.40

0.71- 0.35- 0.071.22 0.50 0.18

62-65

K2O

surface
area
cm2/g

Na2O SO3

1.00- 25001.45 3263

Three types of limestone gravel were used 3-8, 8-15, 15-25;
theirs absolute density is 2700kg / m3.
Two concrete compositions were developed binary and ternary,
the binary was based on two types of gravel 3-8; 8-15; the
ternary was based on three types of gravel 3-8; 8-15, 15-25.
Table 2 and 3 showed the results of two concrete formulations;
binary and ternary
The cement content in the two concretes was 408 kg / m3 and
392 kg / m3 respectively for the binary and ternary composition;
slump cone for both formulations is 6cm.

Table 2 The binary composition of concrete
Binary
Composition

Sand
(0-5)
(kg)

Gravel
3-8 (kg)

708

115

Cement
Gravel
CEM I 42.5
8-15 (kg)
(kg)
933

water
(l)

408

211

413

Table 3 The ternary composition of concrete

ternary
composition

Sand
(kg)

Gravel38(kg)

Gravel
8-15 (kg)

723

104

279

Gravel Cement
(kg)
water
G
L
15-25 CEM I
42.5
(kg)
689

393

219

The compressive strength of concrete at 28 days was 30
MPa for the binary composition and 33MPa for the ternary
composition. The water cement ratio is approximately 0.54 for
both formulations.
2.2 Description of protective coatings.
The protective coatings used were those produced by the
Algerian industry “GRANITEX” called MEDAPOXY PRIMER AC
(Protective coating epoxy resin) and MEDACRYL E (acrylic
waterproofing protection coating) the technical characteristics
are summarized in Table 4 and 5

Table 4 Resin-Epoxy Protective Coating.

2. Experimental procedure
2.1 Concrete formulation

Al2o3 Fe2o3 Cao

Resin-Epoxy Protective Coating
Density
dryingat20° and Adhesion
of the Viscosityat25° DPU
65% HR
to metal
mixture
1.30

35

Hors
1h30 à
poisse
20°
3h

Sec
24h

Covering
power

Superior à
400g/m2
3MPa

2nd International Sustainable Buildings Symposium

Table 5 Acrylic Protective Coating
Acrylic Protective Coating
Density of
Water
Adhesion Covering
Viscosityat25° Fineness
the mixture
absorption to metal power
400g/m2
Inferior to superior
1.15
120+10
4.5
à 500g/
0.5%
to 2MPa
m2

These coatings have been chosen between the more used
products in Algeria for concrete protection.

the solution of phenolphthalein, 1% phenolphthalein in 70%
ethyl alcohol) were performed according to RILEM CPC-18 [18].
Carbonated thickness corresponds to the distance between the
outer surface of the concrete and the coloring front; (Fig 4)
sound concrete is a pink color and carbonated concrete does not
stain. This method is based on changing the PH which initially
has a value about 13 (sound concrete) and passes through 9
for the carbonated concrete; five distances are determined for
each side of the bodies Tests. The values were given in mm.

These coatings have been applied by brush on the four sides
of the prismatic samples tests, after treatment and before
introducing them into the enclosure of accelerated carbonation,
following the recommendations of the manufacturer. The other
two faces of the body tests were coated by adhesive aluminum
paper to allow a unidirectional carbonation through the four
longitudinal faces only.
2.3	Production of body tests and conservation conditions
for testing accelerated carbonation:
The prismatic bodies tests 7x7x28cm are made according to
the procedure recommended by AFPC-AFREM [10].

Figure 1 : prismatic samples 7x7x28

For each of the two compositions and for each of the protective
coatings; wemade four bodies tests that will undergo
accelerated carbonation test; three will be used for the
measurements of carbonated concrete thickness; one will be
used to follow up the mass during the test.
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Two additional bodies tests were made to follow the natural
carbonation in a room where the temperature was 20 ° ± 2 and
RH = 65 ± 5%
All these body tests must undergo a 28-day curing in water

Figure 2: accelerated carbonation chamber

Before starting accelerated carbonation test. The procedure
specified in AFREM recommendations consists in the first
phase to saturate the bodies tests in the water in order to
determine the bulk density and the porosity, at the end of
this phase; these bodies tests will be weighed; dried for two
days in an oven set at a temperature of 40 ° ± 2; then they are
still weighed once before putting them in the grounds of the
accelerated carbonation.
2.4 The accelerated carbonation test:
The test protocol adopted was the one recommended by the
AFPC-AFREM [10] .This test consists to place (after curing
period for 28 days and drying) a prismatic samples 7x7x28
(Fig.1) of coated and uncoated for two compositions concrete
in the carbonation chamber(Fig 2) witch content 50% of CO2
air; at a temperature of 20 ° C and a relative humidity of 65 ±
5% .These samples were held in the carbonation chamber for a
period of 28 days(Fig 3)
For each concrete composition and for each protective coating;
samples were removed from the carbonation chamber at
various maturities; 4; 7; 14 and 28 days; they were cut in half
(Fig 4) and measurements of carbonation depth (by spraying

Figure 3: samples into the accelerated carbonation chamber

Figure 4 : detection of the carbonated zone
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3. Results and discussion

Fig. 5: shows the results of accelerated carbonation of the two
concretes (binary and ternary), these results clearly show that the
binary composition has an advantage (reduction of the carbonation
depth vis-à-vis the accelerated carbonation) compared to ternary
composition. This can be explained by the following:
   The porosity accessible to water ternary concrete is higher
(of the order of 7%) relative to the binary concrete (of the order
of 6%). More; sample sawn Fig. 1. show that there is a large
dispersion of the aggregates in the case of ternary concrete
compared to Binary concrete.
Fig. 6 shows a correlation between the depth of carbonation
and the evolution of the mass in the accelerated carbonation
test. From this curve, we note that the evolution of the mass
during the accelerated carbonation test varies proportionally in
the same direction as the depth of carbonation. This is due that
during carbonation they form other products that fill the pores and
consequently increasing the mass, according to this principle

3.5

carbonation depth in mm

For each binary and ternary composition, the depth of
carbonation is plotted as a function of the square root of time
in days. We note the variation can be assimilated to a straight
line, the diffusion coefficient for the binary composition is lower
(0.6) compared to the ternary composition (0.7).

binary composition
ternary composition
y=-220,3+0,0649x R2=0,93
y=-245,05+0,0716 x R2=0,98

4.0

3.1 Effect of the composition of the binary and ternary
concrete on the evolution of the carbonation depth:
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Fig. 6: Depth of carbonation with the mass evolution during the test of accelerated carbonation.
3.2 Effect of the surface coating on concrete carbonation
of Binary and Ternary composition:
The two figures 7 and 8 show the results of the accelerated
carbonation test for both concrete compositions (Binary and
Ternary) for coated and uncoated samples. They clearly show
the positive effect of the two surface coatings on reducing
the carbonation depth for the samples coated compared to
uncoated ones.

CaCO3 + CO2 + H2O → Ca2 + + 2 HCO3

For both concrete formulations and for the coated samples
with epoxy resin; it was found that the carbonation depth was
practically zero during the first days and increases in The 7th
day but it was still lower than the depth of samples coated with
acrylic coating; this was due to that during the first days, the
relative humidity was not stable in the carbonation chamber
because the water exchange between the concrete and the
relative humidity inside the carbonation chamber.

However, the carbonation of the concrete increases the
impermeability due to clogging of pores by some carbonate:
capillary absorption is reduced and the mechanical strength is
better.

In addition, the epoxy resin-type surface coating gives better
results for the protection of concrete carbonation phenomenon
compared to acrylic coating. These results were in agreement
with those obtained by José B et al [15].

CO2 in the gas phase of the pores dissolves in the pore solution
to form carbonate ions which react primarily with calcium ions
Ca2 + released by the cement.

carbonation depth in mm of binary composition
carbonatation depth in mm of ternary composition
y=0,605x R2=0,96
y=0,735x R2=0,96
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Carbonation depth in mm
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Fig. 5: Effect of the concrete composition on the carbonation during the accelerated carbonation test.

3,4
3,2
3,0
2,8
2,6
2,4
2,2
2,0
1,8
1,6
1,4
1,2
1,0
0,8
0,6
0,4
0,2
0,0

uncoated concrete
coated concrete with acrylic
coated concrete with resin epoxy

2,5

3,0

3,5

4,0

4,5

5,0

5,5

square root of time in days

Fig. 7 : variation of the depth of carbonation for the binary
composition (uncoated and coated concrete
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Fig. 8 : variation of the depth of carbonation for the ternary composition (uncoated and coated concrete)

Fig. 9: evolution of the mass during the accelerated
carbonation test for the binary composition (uncoated and
coated concrete)
3460
3450

3.3 Evolution of the mass during testing of the binary and
ternary composition:

3440
3430
3420

carbonation test obtained for different compositions of concrete
(binary and ternary) and for coated and uncoated samples.
From these figures, it was found in the early days of accelerated
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carbonation test a slight recovery in water samples especially

mass in g
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Fig. 9, 10 shows the evolution of the mass in the accelerated
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days the relative humidity varies depending on the water
exchange between the concrete and the atmosphere of the
carbonation chamber. Then the relative humidity stabilizes at a
value of 65 ± 5%. Moreover, these figures have the same style
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for uncoated samples, this can be explained that in the early

Fig. 10: evolution of the mass during the accelerated carbonation test for the ternary composition (uncoated and
coated concrete)

for both concrete compositions and for coated and uncoated

4. Conclusion

concrete, which was in according with the results of AFREM

In this work, two concrete compositions were formulated; once
was binary (formulated with 2 types of gravel), the other was
ternary (formulated with 3 types of gravel), the tests samples
were made and submitted to the accelerated carbonation test,
the results obtained show that the binary composition was
less vulnerable to carbonation phenomenon compared with the
ternary composition.

[7] .we also note the evolution of mass during the accelerated
carbonation test was almost negligible for samples coated
with epoxy resin, this was due to the waterproofing surface
provided by the application of this coating.
Moreover, this results confirm those previously found on the
beneficial effect of this coating (epoxy resin) an additional
protection for the concrete as the carbonation phenomenon
compared to acrylic coating.

Furthermore, the two coatings used as surface protection
(epoxy resin and acrylic) to the concrete of this phenomenon
reduces significantly carbonation depth by comparing the
results obtained for unprotected concrete but the anticarbonation coating epoxy resin provides better protection
compared to acrylic coating
Based on this results described in this work; we can draw the
following conclusions:
1. The use of concrete formulations based on two types
of gravel (composition Binary) is more beneficial for
the durability of reinforced concrete structures for the

28 - 30th May 2015 | Ankara - TURKIYE
carbonation phenomenon compared to those based on
three types of gravel (ternary composition).
2. The anti-carbonation coatings applied to reinforced concrete
structures still represent a good protection of carbonation.
however, epoxy coating gives better protection compared
to the acrylic coating, this result is consistent with that of
José B et al. [15]

[18]. S. T. R.N. SWAMY, “An external surface coating to protect concrete and
steel from aggressive environments,” Materials and Structures vol 26,
pp. 465-478, 1993.
[19]. X. Y. H. W. Zuhua Zhang, “ Potential application of geopolymers as
protection coatings for marine concrete III. Field experiment,” Applied
Clay Science, vol 67-68 , pp. 57-67, 2012.
[20]. F. K. S. D. O. A.-A. A.A. Almusallam, “ Effectiveness of surface coatings
in improving concrete durability,” Cement and concrete composites, vol
25, pp. 473-481, 2003.

3. It was found the water exchange are present for the coated
samples in epoxy resin, this is due to the waterproofing
provided by the coating.
4. With regard to the accelerated carbonation test was also
found that the water exchange between the concrete and
the atmosphere in the chamber do not stabilize until after
the 7th day especially for uncoated samples.
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