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This paper presents the results of the experimental researches regarding the influence of the composition of
some film-forming polymeric products for the protection of concrete on certain of their characteristics. Thus,
there have come into prominence the film-forming products based on acrylic resins with superior
characteristics by comparison to the film-forming products based on acrylic-styrene resins.
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In order to choose a film-forming product for concrete
protection, it is necessary to know the environmental
conditions to which it will be exposed during exploitation,
after applying it on the support surface, and hence the
properties it must have.

The choice of a composition  of a film-forming product
is the key to obtain of  a superior quality product that would
fully satisfy the user necessities. The difference between
these products can be noticed by testing them  as such, as
well as applied on the support surface and by exposing
them to different environmental conditions.

The film-forming products are made up of three
fundamental elements:

- an element that ensures the forming of a film after
aplying the paint on the support surface, generally called
binder or resin and which is usually represented by a natural
or synthetic polymer that significantly influences the
properties of the end product;

-  the pigment, solid particles, that ensures the coloring
and texture of the paint and significantly improves the
product performances;

- additives, added in very small quantities, can improve
some properties such as: water resistance, hardness,
resistance to weathering etc. Their purpose is to reduce
the superficial tensions between the particles, to improve
the aspect of the end product and the pigment stabilization
and to confer antifreezing properties. The types of additives
used are: catalysts, thickening agents, stabilizers (the use
of reactive surfactants in the fabrication process of paints
is of great importance in the stability of the polymeric
emulsion and the improvement of the properties of the
film applied on the support surface), emulgators, biocides.
The additives do not modify the action of the other
components of the film-forming products;

- the solvent, which can be water or a mixture of organic
solvents.

The film-forming concrete protection products are
acrylic resin or acrylic-styrene resin polymer emulsions in
water which are used in the interior and exterior finishings
of civil and industrial construction, new or old, on masonry
surfaces and exterior concrete surfaces. These products
have an esthetic function as well as a protective one, the
durability and performance obtained depending on the
structure of the polymers, the formulations elaborated by
the formulator and the production technology.

Generally speaking, the performances of a film-forming
system can be anticipated if the aspects of certain features
of the system composition products are known. The
characteristics are specific for each product, as determined
by the type and nature of the binder, the nature of the
powder materials and the relation between them, the
pigment / binder ratio and even the pigment / binder /
solvent one and last but not least, by the use of certain
types of additives [1].

An acrylic hybrid coating is prepared by the reaction of
an acrylic polymer with a large portion of another functional
polymer to produce a coating that combines the beneficial
properties of both the acrylic and the other functional
polymer.

The design of compatible blends of acrylic polymers
and other functional polymers should be considered. Once
this has been accomplished, acrylic hybrid can be
developed to bring the best properties of each polymer [2].

Different compositions were analyzed in order to
improve the properties of resistance to weather conditions
and UV radiation, as well as acrylic polymers and mixtures
of such monomers as alkylacrylate, alkyl methacrylates,
cycloaliphatic alkylacrylates, styrene and others [3, 4].

 The choice of acrylic monomers for the design of
coatings is the determining factor of the final product
performances. For example, methyl methacrylate is
chosen for gloss and hardness (resistance to impact),
styrene is often incorporated for additional hardness and
gloss.

In order to increase the flexibility, butyl methacrylate  or
2 - ethylhexyl methacrylate is used; when a product with
the higher flexibility is desired, the possible choice is to use
butyl acrylate or ethyl acrylate co-monomers. Usually a
balance should be achieved when choosing the monomers
to obtain a film presenting hardness, adhesion to the
substrate and durability.

Monomer selection is important for final performance
in outdoor application. For example, if more than 20%
styrene is initially used, a high gloss of the film will be
obtained, but after its exposure to atmospheric conditions,
the film turns yellow.

Branched acrylates, 2-ethylhexyl acrylate will lead to
extra gloss after exposure to outdoor conditions, when
compared to butyl acrylate. In general, acrylates and
methacrylates provide the  film an excellent, long lasting
gloss, particularly the straight chain methacrylates butyl
or ethyl methacrylate.
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Functional  comonomers selected for physical
interaction with other functional polymers are: acrylic acid,
acrylamide or dimethyl aminomethylmetacrilate. For
chemical interaction with the functional polymer several
comonomers are selected according to the requirement
of the coupling mechanism.

The molecular weight of the final acrylic polymer is
crucial for obtaining final effective hybridization. The
products with lower molecular weight are preferred. These
polymers require careful selection of initiators. Thus,
azonitrile initiators, (2,2' azobisisobutyronitrile), and
peroxyesthers (tert-amyl peroxy-2-ethylhexanoate) provide
initiation at the desired temperatures for the reaction
control.

Heterogeneity of polymer hybrids can be expressed in
many different forms.

Differences may occur due to the particle size
distribution (PSD), hydrophobicity, glass transition
temperature (Tg), molecular weight (Mw), and / or class
of polymer, the minimum film forming temperature (MFT)
[5] . For example, latex dispersions with a particle size of
80-120 nm can achieve a maximum solid content of about
45%. Large particles of 400 nm will result in a higher solid
content up to about 60%. This difference is due to the
contribution of the particle electrical double layers, which
is more pronounced for the smaller particles. Blends of 80
and 450 nm particle size provide a high content of 60%
which is explained by the fact that small particles fit in the
gaps between larger particles. It has been discovered that
a large/small particle size ratio of 80/20 has the lowest
modulus of elasticity, the lowest water absorption
coefficient, a decrease of the minimum film forming
temperature (MFT), rapid drying due to water content,
which generally lower and reduces the dirt storage.

The polymer viscosity is a parameter that controls the
rheology, the drying time of paint. Optimum viscosity can
be obtained by combining low-viscosity oligomers with
high molecular weight polymers. An aqueous dispersion
composition has a drying time of 20 min , a viscosity <5000
Pa x s, at any non-volatile-matter content [6].

The classification of the film-forming products is
necessary so that the choice of the protection applied on
different surfaces (above the surface elements of
reinforced concrete and prestressed concrete,
thermosystem, lime-cement plasters, plasters and light
concrete with an addition of perlite, polishing plaster coat,
gypsum-carton boards, masonry) may ensure the lasting
maintenance of all the performances that comply with the
users exigency, the quality requirements, the technical
conditions and the performance criteria applicable to the
construction exposed to the action of hostile environments,
according to the provisions of the Law no.10/1995 [7,  8].

The support surfaces of concrete or masonry, plaster or
plastering coating products can be protected against the
action of aggressive agents in the environment, thus
increasing  the durability of the buildings on which they
have been applied. Binder and pigment content of the paint
composition influence the water permeability and the
water vapors of the film-forming product, as follows: the
best protection against liquid water and water-vapour
penetration is obtained by increasing binder content and
by lowering pigment content [9, 10].

The painting products and the covering systems based
on acrylic resins, acrylic-styrene resins, alkyd resins, epoxy
resins, silicone resins, polyesther resins, polyurethane
resins, vinyl resins, used for the protection of the masonry
and exterior concrete support surface, can be
characterized according to the  SR EN 1062-1:2004 which

is based on some criteria that establish the properties of
the covering system or product for a particular use. Thus,
this characterization, ensures a basis for the
communication of this information between the producer
and the user.

The European standard  EN 1062-1:2004, assumed as a
Romanian standard, is generally specific for the
characterization of covering products and covering systems
used for the outside decoration and protection of masonry
surfaces and old or new concrete surfaces.

The aim of the present work is to determine the water-
vapour permeability and the liquid water permeability of
two types of compositions: paint based on acrylic-styrene
resins and paint based on acrylic resins, knowing that these
two characteristics significantly influence the durability of
films.

Experimental part
Raw materials and materials

The following raw materials were used for the
experiment: the primer for masonry, which is an acrylic-
styrene emulsion, fillers and additives, used as a first layer,
which has the role of improving the adherence of the
support product composition system, by filling the pores
and surface uniformly; it determines the reduction of the
specific consumption and a fast drying at ambient
temperature; it is applied on mineral medium, diluted with
water in 1:5 proportion by brushing it in two layers at a
specific consumption of 80 g/m2 stratum and an application
efficiency of 25 m2/L/stratum.

The Fassade V 8910 product is an acrylic-styrene resin
paint in aqueous dispersion which is applied in two layers,
diluted 10% with water, at a specific consumption of 250g/
m2/2layers and with an application efficiency of 6.5m2/L/
2layers, over a first layer of the masonry primer.

The Acrilux V 8911 product is an acrylic resin paint in
aqueous dispersion which is applied in two layers, the first
layer diluted 5% with water, and the second layer undiluted
at a specific consumption of 250g/m2/2layers and an
application efficiency of 6,5m2/L/2layers, over a first layer
of the masonry primer.

The KRAFT WALL PRIMER, is an acrylic resin primer in
aqueous dispersion which is applied diluted with water in
a proportion of 1:1 to 1:4, in volume, depending on the
absorption of the surface, at a specific consumption 50g/
m2/2layers and an application efficiency of 27m2/L/,
undiluted product.

The KRAFT EXTERIOR product is an acrylic resin paint
in aqueous dispersion which is applied in two layers, the
first layer diluted 10% with water, and the second layer
applied undiluted  over the first layer of the KRAFT WALL
PRIMER, at a specific consumption of 120g/m2/layer and
an application efficiency of 13 m2/L/layer, undiluted
product.

The KRAFT ULTRA WASHABLE product is an acrylic-
styrene resin paint in aqueous dispersion which is applied
in two layers, the first layer diluted 10% with water, and the
second layer applied undiluted, over a first layer of the
KRAFT WALL PRIMER, at a specific consumption of 165 g/
m2/layer and an application efficiency of 10 m2/L/layer,
undiluted product.

The application of the products on the dry support is
made after its proper preparation, because this stage has
a deciding influence on the quality of its covering and its
durability. The  masonry support is prepared according to
the recipe: cement CEM II / A-LL 32.5 R: sand sort (0-4) =
1:3, in gravimetric parts, to which 10% water is added, is
smooth, clean and dry, without stains of dirt, dust, mold,
oily substance.
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The characteristics of the products were determined
and are presented in table 1.

Table 1 presents the characteristics of the film-forming
products presented in this work.

The first stage is a characterization of the liquid material
that is to be applied on the support surface. The measured
parameters are common for the liquid organic and
macromolecular materials, density, non-volatile-matter
content, flow time. The second stage of the
characterization refers to the application properties of the
above mentioned film-forming products, in their initial form,
the film thickness, covering power. In the final stage, we
present the properties of the hardened films as a method
of evaluating the performances of the film-forming material
in its final form. Basically, these methods consist of
reproducing certain types of requests which properly
simulate the conditions to which films are exposed during
their exploitation.

For the above mentioned film-forming products, applied
on the support surface, the water- vapour transmission
coefficient and the liquid water transmission coefficient
have been established.

Equipment and work  procedure
Determination of water-vapour permeability

The equipment necessary for the determination of
water-vapour permeability: Climatic room, with
temperature range of T0=(-20÷600C), precision of
±20C and maximum relative humidity of 95%, with
precision of ±2% and an electronic precision balance of
±0.1mg with a range of 0÷220g.

The work procedure
The method consists of applying a coating system made

of primer and two layers of paint on a mortar support to
seal a test cell which contains a water vapor absorption,
e.g. CaCl2, the exposure in a wet atmosphere (230C, 95%
relative humidity) and the weighed at regular intervals.  The
determination is complete when the weight increase does
not change noticeably in time.

The factor that characterizes liquid water-vapor
permeability is the water-vapor transmission coefficient.
The determination of this coefficient is based on the
modification of the mass and of the exposure time per
area unit.

Table 1
TECHNICAL CHARACTERISTICS OF COATING PRODUCTS EXPERIMENTALLY DETERMINED
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Determination of liquid water permeability
The equipment necessary for the determination of liquid

water permeability: The oven with forced convection, with
indication of temperature control with a range of 0 to 2500C
and Class 1 precision, temperature sensor, Class B,
precision of ± 0.10C, and an electronic precision balance,
with range of 0 ÷ 17 Kg, Class 2, precision of ± 0.1 g.

The work procedure
The method consists of applying coating system

consisting of primer and two layers of paint on a mortar
support, the sealing of the other side of the specimens
with a waterproof product, its drying and the immersion of
the test specimens into 1 cm of water at a temperature of
(23 ± 2)0C, on a support surface, with a downward covered
face. After 1, 2, 3 , 6  and 24 h, the test specimens are taken
out from the water, dried with absorbent paper and then
weighed. The weighting is repeated every 24 h until the
mass growth becomes constant.

The factor that characterizes liquid water permeability
is the liquid water transmission coefficient. The
determination of this coefficient is based on the

modification of the mass and of the exposure time per
area unit.

Results and discussions
On the basis of the laboratory tests performed, for each

coating system used for concrete protection, it is possible
to create a unitary classification of these products which
enables the users to make a correct choice of the protection
system, according to the actual method of exploitation.

The determination of water-vapor permeability and  of
liquid water permeability on two types of polymeric
compositions, acrylic resins and acrylic-styrene resins was
performed.

Table 2 presents an example for determining water-
vapor permeability and mass modification depending on
time and the graphical representation of these data in figure
2 made possible the determination of the Δm/t of their
slope.

Figure 2 graphically presents the quantities of retained
water-vapour depending on the exposure time to obtain a
linear variation by which the slope can be calculated.

The evaluation of the water -vapor transmission
coefficient is done by reporting the obtained slope from
the mass growth graph on time and surface.

 (1)

The results obtained for the determination of the water-
vapour transmission coefficient  and the calculation values
are presented in table 3.

(V) class determination for the water-vapor
transmission coefficient is done according to the
classification from the SR EN 1062-1:2004 standard, the
values obtained being a part of the interval 0.6÷6 g/m2xh,
the four products correspond to the V2 class (average
permeability).

Fig.1  The weighing of test
capsules before exposure to

water-vapor

Table 2
CHANGING OF WEIGHT

DEPENDING OF THE
EXPOSURE TIME

Fig. 2 The variation of the retained
water-vapor quantity depending

on the exposure time
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Table 4 presents an example of liquid water permeability
determination and mass modification depending on the
square root of the time and the graphical representation of
these data in figure 3 enabled the determination of the
Δm/Δt0.5 of their slope.

Figure 3 graphically presents the quantities of retained
liquid water depending on the square root of the time
exposure to obtain a linear variation from which the slope
can be calculated.

The evaluation of the liquid water transmission
coefficient is done by reporting the obtained slope from
the mass growth graph depending on the square root of
the exposure time on the surface.

  (2)

The results obtained for the determination of the liquid
water transmission coefficient and the calculation values
are presented in table 5.(W) class determination for the
transmission coefficient of the liquid water is done
according to the classification from the SR EN 1062-1:2004

Table 3
THE RESULTS OF

DETERMINING THE
COEFFICIENTS OF WATER-

VAPOUR TRANSMISSION

Table 4
CHANGING OF WEIGHT

DEPENDING ON THE
EXPOSURE TIME

standard, as follows: for the Fassade V 8910 paint and the
KRAFT ULTRA WASHABLE paint, the values obtained are
part of the interval 0.1 ÷ 0.5 kg / m2x h0. 5, it corresponds to
the W2 class (average permeability), for the ACRILUX V
8911 paint and the ULTRA KRAFT WASHABLE 8911 paint
the values obtained being ≤ 0.1 kg/m2xh0.5, it corresponds
to the W3 class (low permeability).

Acrylic emulsions are usually prepared by emulsion
polymerization of one or more alkyl acr ylates or
methacrylates. Acrylic monomers containing polar groups
are used for stabilizing emulsions and can be acrylic and
methacrylic acid. The introduction of hydroxyl functional
groups in acrylic emulsion leads to the formation of
thermosetting coatings. Combinations of alkyl acrylates
with high Tg and low Tg are generally used. Examples of
monomers with low Tg: n-butyl acrylates (Tg -540C), n-
butyl methacrylates (Tg 200C) and 2 - ethylhexyl
methacrylate (Tg -100C); methyl methacrylate (Tg 1050C)
is the most frequently used high Tg acrylic monomer. The
high Tg monomers with an increasing degree of gloss and

Fig. 3. The variation of the retained liquid water
quantity depending on the square root of the

exposure time
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Table 5
THE RESULTS OF

DETERMINING THE
COEFFICIENTS OF LIQUID

WATER TRANSMISSION

film hardness, while the low Tg monomers provide the
film the impact resistance and flexibility.

 Styrene is incorporated into acrylic emulsions with high
Tg monomer  (Tg 990C), used as a cheaper alternative for
other monomers. However, acryl-styrene emulsions are
often sensitive to UV and therefore have limited use for
exterior coatings.

Acrylic emulsions are sensitive to moisture due to the
porosity of the film, so it is very important to determine the
liquid water permeability and water-vapor permeability of
all products in aqueous dispersion.

Tert-butyl acrylates and Tert-butyl methacrylates are high
Tg monomers (Tg 730C, Tg 1070C respectively),
temperatures which are substantially higher than those of
poly (n-butyl methacrylate), Tg 200C, and poly (n-
butylacrylate), Tg - 540C. Methyl methacrylate (Tg 1050C)
is the most commonly used acrylic monomer. It is known
that poly (tert-butyl acrylates) has a lower solution viscosity
than that poly (methyl methacrylate). Surprisingly, the use
of tert-butyl methacrylate can significantly improve the
latex coating resistance to moisture [11].

Polymer emulsions containing zero volatile organic
compounds (VOCs), obtained by the copolymerization of
flexible monomers with low Tg such as n-butyl acrylates
(Tg-540C), n-butyl methacrylates (Tg 200C) and 2-
ethylhexyl methacrylate (Tg 100C) together with a vinyl
esther monomer comprising a carboxylic acid branched
structure with 10 atoms of C, form a hydrophobicity film
resistant to water and water-vapour due to the monomer
[12, 13].

Water absorption, permeability film affects its
performance. When the film absorbs water, surfactants
are extracted from the film participating in the
polymerization reaction, pigments, oligomers which are
soluble in water. An increase in acrylic acid content in the
composition of the paint film increases the film porosity,
implicitly the permeability to water and water-vapour [14].

The analysis of the data obtained for the two categories
of polymers shows significant differences, the acrylic resins
having: low water permeability as compared to the acrylic-
styrene resins, corresponding to the 3rd class – low
permeability, unlike the acrylic-styrene resins which
correspond to the 2nd class – average permeability; better
adherence to the concrete support, as compared to the
acrylic-styrene resins; excellent exterior durability, resulted
after the exposure to fluorescent UV radiations and water,
and after exposure to aging in environmental urban-
industrial conditions, in comparison with acrylic-styrene
resins with more than 20% of styrene, in this case a
yellowing of the film being noticed. The films obtained from
acrylic resins in whose composition styrene is not present,
have high washability, superior physical, chemical and
weathering resistance.

Conclusions
The aqueous emulsions used for finishing and protection

of concrete support surfaces in construction, their chemical
composition, can have advantages and disadvantages
during exploitation. Taking into account the results of the
laboratory tests performed on two types of aqueous acrylic
resin emulsions and acrylic-styrene resins emulsions, the
conclusion is that the 100 % acrylic emulsions have the
best performances.

The pure acrylic emulsions are the best choice for the
protection of the concrete support surfaces due to their
liquid water impermeability, water-vapour impermeability,
good adherence to the support surface and resistance to
cycles of exposure to fluorescent UV radiations and to
water. These properties confer the product the qualities
necessary for the use in outside environmental conditions.

The use of pure acrylic emulsions can lead to the
procurement of high quality film-forming products that play
both a decorative and a protective role for the support
surfaces they are applied on.
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