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Abstract

At the time of the increasing shortage of fossil fuels and their rising prices, energy saving is the main topic. For example, in Germany in the
housing sector 75% of the total energy is consumed for the air conditioning in the household, mainly for heating. Today, all new buildings must
meet the standards for energy efficiency. The fastest and most efficient way to save energy for heating and improving the climate inside the building
is thermal insulation of external walls of the building. In this paper, polymer-cementitious adhesive for bonding and reinforcing, its composition,
characteristics and mechanism of binding to the substrate was processed. The influence of the dispersed polymer on the characteristics of polymer-

cement mortar for external thermal insulation has been examined in details.

Keywords: Redispersible Polymers; Polymer Cement Mortar; Polymer Cementitious Adhesive for Bonding and Reinforcing

Abbreviations: EPS: Expanded Polystyrene; PC: Portland Cement; PPC: Portland Pozzolanic Cement; HAC: High Alumina Cement; MC: Methyl
Cellulose; MHEC: Methyl Hydroxyethyl Cellulose; MHPC: Methyl Hydroxypropyl Cellulose

Introduction

A typical system of external thermal insulation consists a
polymer-cement adhesive for bonding of insulation material,
insulation plates of expanded polystyrene (EPS) or stone wool,
then polymer-cement base layer for mounting and reinforcing of
facade mesh, fixing components (insulation wedges), one or more
finishing layers of polymer-cement adhesive [1]. Components
of external insulation system shown in Figure 1. A parameter
that characterizes thermal losses through walls is the coefficient
of thermal conductivity, This is the amount of heat the building
element loses in one second per m2 surface at a temperature
difference of 1 K, expressed in W/m?K. Lower coefficient of heat
conductivity means better thermal protection of the building. The
most desirable insulation material is stone wool because it is a
good insulator and has the ability to diffuse vapor, and styrofoam is
located on second place [2,3] (Figure 1).
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Figure 1: Components of external insulation system [3].
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Application of Polymer-Cement Adhesive

The first discovery is the development of a powdery redisperse
polymer. The polymers added to cement-based adhesives to
improve their elasticity and adhesion to the substrate. With
the advent of this technology allows the construction chemical
industry to present dry polymer-modified adhesives for a variety of
purposes:Adhesives based on ceramic bonding cement,

a) Mortars based on gypsum or cement,

b) Cementitious adhesives for thermal insulation,
c) Grout mass,

d) Self-healing mass,

e) Repair mortars,

f) Mortar for masonry,

g) Cementitious waterproofing

Today’s dry polymer-cement adhesives contain numerous
additives to improve applicability (open time, consistency, etc.)
as well as bonding to the substrate (water retention, elasticity).
As the production process is automated and computer controlled,
products are produced of precisely defined and uniform quality as
well as precisely defined properties with a high degree of reliability
in application [1]. When installing an external thermal insulation
system, two types of adhesive are required:

A. Adhesive for bonding insulating material to a concrete wall
or brick wall (good adhesion to the wall and insulation material
as well as good flexibility to handle different coefficients of
thermal expansion of the substrate).

B. Adhesive for reinforcement. It should cover the insulation
material and to form the base wear-resistant layer for
decorative plaster. The reinforcement adhesive requirements
are slightly different from the adhesive bonding requirements.
Good adhesion to the insulation material, long open time, easy
handling, good impact resistance and low water absorption
are also important properties of reinforcement adhesives. It is
often a compromise and the same material is used for bonding
and for reinforcing.

Connective Tissue

The main tasks of the binder are to form a firm bond with the
substrate and the material for thermal insulation (adhesion), as
well as to link the aggregate grains (cohesion). Today, there are
three main types of cement used in the polymer-cement based
adhesives: Portland cement (PC), Portland Pozzolanic Cement
(PPC) and aluminate cement (High Alumina Cement, HAC) [1].
Portland cement is a hydraulic binder that is obtained by fine
grinding portland cement clinker with a specific addition of gypsum,
which binds and cures in air and under water. The raw material for
the production of portland cement consists of limestone and clay
minerals, whereby this ratio is usually 75-80% limestone and 20-
25% clay minerals. The binding speed is regulated by adding 3-5%
of the gypsum or anhydrite [4].

Aggregates

Generally, aggregates mean material loosening structures
formed in the form of assemblies of more or less identical particles,
i.e. material relatively homogeneous in the sense of substance-
builders. Aggregates contain unbound particles (granules) of a
certain size. In the narrow sense, aggregates are all grainy (inert)
materials that, together with certain bonding materials (cement,
lime, bitumen, polymers), are used to obtain various types of
mortar and concrete, therefore, materials that are defined by
the general term composite materials. Generally, aggregates are
classified as natural or artificial [5,6]. In this paper, two natural,
inorganic aggregates, ie quartz sand, particle size up to 0.8 mm, and
stone dust (so-called filler) were used, particle size up to 0.1 mm.
Thus, in this case, a combination of aggregates of different particle
sizes is used to ensure a better packing, where smaller particles fill
the vacuums between larger particles.

Additives

Additives are substances usually of organic origin, which are
added in small amounts to a dry mix, modifying the properties
of fresh or hardened glue, mortar or paste. The content of these
supplements is usually below 1%. Only redisperse polymers are
added in higher percentages. Additives for the production of dry
mortar may be added to the mixture solely in powder form. If
several different accessories are used, they must be compatible
with each other.

Redispersible Polymers

Redispersible polymers are organic polymeric materials
produced from aqueous dispersions by spraying technology, as
shown in Figure 2. Water dispersions are two-phase systems in
which the dispersant is water. Redispersible polymers provide the
following properties in adhesives for thermal insulation:
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Figure 2: Simplified process of forming redispersible
polymers and forming redispersion [6].

The synthetic polymer is dispersed in water.
- /

a) Better adhesion to the substrate,
b) Impact resistance
c) Less damage during impact,

d) Aging properties (good properties after varying climatic
conditions),
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e) Hydrophobicity (good water odor).

Dosing of redispersible polymers ranges from 0 to 5%, but
it should be noted that the overall product price increases with
increasing polymer content so that the content of the polymer
needs to be accurate enough to achieve satisfactory results as far as
the characteristics of the final product are concerned. The following
picture shows the structures of the most commonly used polymer
in adhesives for external thermal insulation systems [1] (Figure 3).

4 A

Figure 3: Copolymer structures of ethylene-vinyl acetate
(left) and styrene-butyl acrylate (right) [1].

Water Retention Additives

The main purpose of the water retention additive is to keep
the water in the fresh adhesive for a longer period of time so that
the cement has enough available hydration water. Water also acts
as a lubricant to improve the freshness of fresh adhesives and is
also essential for the hydration process of cement. The loss of
water from the adhesive is reduced by the adsorption of water-
retaining additives on the substrate and on the bonding particles
and by forming a thin layer of low permeability. Other parameters
influenced by water retention additives are open time, improved
wettability of the particles, and reduced subsidence of the adhesive.
High water retention can be achieved by chemically modified
methyl cellulose (MC). Methyl cellulose modification is performed
with ethylene oxide or propylene oxide. The resulting modification
products are methyl hydroxyethyl cellulose (MHEC) having the
structure shown in (Figure 4) or methyl hydroxypropyl cellulose
(MHPC). The MHEC content in formulations does not exceed values
greater than 0.5%. The following illustrations show the solubility
of MHEC and MC with increasing temperature and retaining water
with the addition of MHEC (Figures 5 & 6).
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Figure 4: Structure of methyl hydroxyethyl cellulose
(MHEC) [1].
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Figure 5: a) Solubility of MC and MHEC, b) Water
retention as function of MHEC addition [1].
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Figure 6: Water retention of fresh mortar as a function of
viscosity MHEC [1].

Accelerators

Accelerators are generally used in colder conditions, to
accelerate bonding and increase the early strength of the adhesive.
Calcium chloride, calcium formate or lithium carbonate are
commercially available accelerators. Typical amounts of these
supplements are about 0.5% [1].

The Formulations of Polymer Cement Adhesive for
Thermal Insulation

Table 1: Example of recepture for polymer-cement adhesive for
bonding of EPS [6].

Component Function [%]
1. Cement Binder 33,00 - 35,00
Quartz sand . )
2. 01-0,8 Filler 35,00-37,00
Stone dust .
3. 0-01 Filler 25,00 - 28,00
4, Redispersible | o) ipility / Adhesion | 1,00 - 1,50
polymer
5. MHEC Workability do 0,25

Typical adhesive formulations for EPS bonding, then adhesives
for reinforcing facade mesh, are shown in Tables 1 & 2. As the
adhesive for EPS plate can only be used for this purpose, the
adhesive that is used for reinforcement, also may be used for
bonding EPS plates, but this is rarely done for economic reasons, ie.
adhesive for reinforcement has a higher price. The main difference
between adhesives for EPS bonding and reinforcement adhesives
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is in the content of redisperse polymers. Reinforcement adhesive
has a higher proportion of redisperznog polymer. Of course, these
formulations are rough guidelines because the raw materials differ
from the manufacturer to the manufacturer.

Table 2: Example of recepture for polymer-cement reinforcement
adhesive [6].

Component Function [%]
1. Cement Binder 33,00 - 35,00
Quartz sand . )
2. 01-08 Filler 35,00 -37,00
3. St%“_eodf“ Flexibility / Adhesion | 23,00 - 26,00
4. Redispersible polymer | Flexibility / Adhesion 2,00- 3,00
5. MHEC Workability until 0,25

Adhesive Bonding Mechanism

Table 3: The basic ingredients of portland cement.

Component Mass. %
(3Ca0-5i0,), C,S (alit) 45-60
(2€a0-5i0,), C,S (belit) 20-30
(3Ca0-ALO,), C,A 4-12
(4Ca0-AL0,Fe,0,), C4AF 10-20

Portland Cement Hydration: The basic ingredients of portland
cement clinker are CaO (C), SiO, (S), ALO, (A) i Fe,0, (F). These
compounds do not appear in the cement as free, but they are always
inthe form of various complex compounds. The mineral composition
of portland cement is shown in Table 3. The silicates and aluminates
present in the cement react with water to form the appropriate
hydrates and form a solid mass. C,S hydrates very quickly and it is
responsible for the initial strength of the cement, while on the other
hand, the C,S solidifies slower (Figure 7). Formation of the structure
of hardened cement as a composite binder in the early hydration
period, based on the given concept of hydration of the main or basic
minerals from the cement clinker, can be schematically shown in
(Figure 8). From this scheme, the basics of the hydration process
and the development of the structure are realized. The reaction
system from the fluid state, the “paste” state or suspension, passes
to a new non-fluid state, a condition similar to a stone, with certain
physico-chemical and mechanical properties. This approach makes
it possible to explain the phenomenology of the transformation of
a fluid cement paste into solid or solid cement stone-cement gel,
and the formation of its structure as the basis for its stability and

durability during use in practical application [7].
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Figure 7: Schematic representation of the concentration of
hydration products depending on the hydration time [4].
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Figure 8: Schematic representation of the hardened cement
paste structure a) the plastic phase b) the binding phase,
¢) the basic skeleton of the hardened paste, d) the “stable”

skeleton of the hardened paste [7].
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Formation of Polymer Film: The main mechanism by which
the adhesive achieves its mechanical properties over time is the
hydration of cement, and the auxiliary mechanism, which further
enhances the properties, is the formation of polymer bonds by
the polymer. The polymer film builds polymer bonds, which have
a significant effect on the mechanical properties of the hardened
adhesive. These properties depend on the type of redisperse
polymer and the concentration of the polymer in the glue. The
following figure shows the mechanism for forming a polymer film
(Figure 9). It takes time and temperature to form polymer bonds
in the cement matrix. When the EPS slabs are on the wall, the
temperature must be above the MTFF of redispersion polymers
(also during the night) and without precipitation for smooth film
formation. After forming the polymer film, the film is no longer
sensitive to moisture (except saponification).
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Figure 9: Mechanism for forming a polymer film [1].
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A lower glass transition temperature means a softer, more
flexible polymer. There is some discussion about when to use a
softer polymer (Tg < T applications), and when the hard polymer
(Tg > T applications). For example in water-resistant cement-
based products, which need to provide flexibility and bonding to
the substrate during winter and cold nights, redispersion polymers
with Tg -15 °C are used, in the adhesives for ceramic tile Tg is
about + 10 °C. In adhesives for bonding EPS plates, polymers are
generally used with Tg about -6 °C. The MTF of the redisperse
polymers is from 0 °C to 5 °C (Figure 10). Polymer bonds improve
the mechanical properties of hardened adhesive, i.e. elasticity and
bonding of adhesives on the substrate and on the EPS board with
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polymer bridges. This is especially important in the case of a non-
porous substrate because the mutual mechanical adhesion of low
pores cement crystals is insufficient for immediate adhesion [1].

4 A

Figure 10: Microscopic recording of polymer bonds in a

cement metric [3].
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Influence of Temperature on Bonding of Glue: Thermoplastic
polymers are semi-crystalline solids consisting of crystalline and
amorphous parts. The ratio of crystalline and amorphous parts
depends on the primary structure of the polymer and on the
parameters of the production process. The amorphous parts of the
solid polymer can be in glass or rubber, depending on the ambient
temperature. The temperature at which the transformation from
the glass state occurs to the rubber and vice versa is called the
glass transition temperature (Tg). Below Tg polymers are rigid and
fragile. By heating, they soften and become more elastic, i.e. they go
into arubbery state. Another parameter important for the formation
of a polymer film is the minimum temperature of film forming
(MTF). MTF is the temperature at which the polymer particles
will coalesce and form a continuous unopened film. Therefore, it
is the lowest temperature that is necessary to meet the conditions
to start the formation of the film. The minimum temperature of
the film formation depends on the size of the dispersion particles,
the drying time, etc., but mainly depends on the glass transition
temperature of the polymer. Polymer dispersions do not form
a film at a temperature below the MTF, but only white powder is
formed. The polymer dispersions that dry at a temperature slightly
below the MTF form a white, opaque low-strength film. Just above
the MTF deformation and coalescence of the dispersion particles
is strong enough to form a continuous film without cracks. So-
called coalescing additives, plasticizers, solvents can lower the
MTF far below the Tg of dry polymer. Thus, the choice of coalescing
additives is an interesting field of investigation to ensure that
polymer dispersions in adhesives form a film even when used at +
5°C. Examples of coalescing additives are dibutylphthalate (DBF),
ethylene glycol ethers and organic solvents (e.g., toluene). The
MTFF polymer can be reduced by more than 20 °C [1].

Stabilnost Prema Vodi: After the polymer diffused between
adjacent particles, the formed polymer bonds are not soluble in
water. However, the film still contains a water-soluble protective
colloid that easily absorbs water so that the polymer bonds can
hydrate and swell, which can weaken the adhesion strength of
the hardened adhesive. Depending on the nature of the polymer,
there is a possibility of reacting (saponification) (Figure 11). Poly

(ethylene-vinyl acetate) hydrolyzed (saponified) in the presence
of alkali in an alcohol and polyvinyl acetate. Alkalinity (pH>12) is
present in cementitious adhesives when they come into contact
with water. High alkalinity catalyzes EVA hydrolysis (Figure 12).
Water solubility can be increased to the extent that the polymer can
be washed out of the cement matrix by rain. Polymers containing
nonpolar monomers (ethene, butadiene, styrene ..) are not
susceptible to saponification [1].

/ B\
CAOH . + n CHCOO"
0
- 2z n m
poly (ethylene-vinyl) acetate poly (ethylene-vinyl) alcahol acetate
Figure 11: Polymers containing vinyl acetate (VA).
S
/ B\
+n OH —= + n ROH
m o’ m
poly (styrene-acrylic) ester poly (styrene-allylate) alcohol
Figure 12: Polymers containing acrylate esters.
S J
Experiment

We examined the characteristics of the adhesive depending on
the share of the redispersion polymers in it:

a) Testing the consistency of fresh adhesive,

b) Testing the adhesion of adhesive to the surface

c) Testing bending strength of hardened adhesive,

d) Testing compressive strength of hardened adhesive,

e) Testing capillary water absorption of hardened adhesive
f)  Testing the volume mass of hardened adhesive.

Test results are presented in tables and diagrams, along with
photos of the samples and a short description of the test.

Technical characteristics of the components for making

the adhesives used in the practical part of the work

Cement: As a cement binder in our experiments we used
Portland cement with the addition of fly ash CEM Il / B-W 42.5 N,
manufactured by Kakanj cement. Cement meets all the prescribed
requirements and it is suitable for the preparation of adhesives for
sticking EPS plates and adhesives for reinforcement. Additional
testing of cement is not required. Proportion of cement in the
formulations was 33.1%. The chemical composition of Portland
cement CEM II / B-W 42.5 N is shown in Table 4 [8]. Cement
producer Kakanj cement is shown in Table 5.
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Table 4: The chemical composition of Portland cement CEM II / B-W 42.5 N [8].

. . Ignition
Oxides Sio, ALO, Fe,0, Cao MgO SO, Na,0 K,0 Cao free loss
% 20,02 3,98 3,46 65,36 1,48 2,61 0,07 0,55 1,88 >%5,0

Table 5: Mineralogical composition of portland CEM II/B-W
42,5N [8].

Mineral %
C,S 68,95
C,S 15,85

C,A + C,AF 15,20

Water: Water for preparing of the glue is taken from the city water
supply network. This is drinking water and can be used, without
prior testing, for making adhesive for gluing EPS plates and
reinforcement.

Aggregates: Aggregates used in the experiments are inorganic,
natural aggregates of different particle size distribution and mineral
composition, ie. quartz sand and stone dust, known as filler. The
share of quartz sand amounted to 37.5%, a stone dust (filler) from
30% to 35%, depending on the share of redispersed polymer.

Additives: For the preparation of samples we used additives for
water retention and redispersion polymers.

Redispersion polymers (RDP): Redispersion polymers are
organic polymeric materials. These polymers are prepared from
aqueous dispersions by diffuser technology. They have an influence
on the properties of adhesives for external thermal insulation.
Dispersible polymer that is used in preparing the samples is
ethylene-vinyl acetate, and its commercial name is “Vinavil 5603
PB” Vinavil, manufacturers from Italy. The goal of this study was
to examine the characteristics of adhesives for external thermal
insulation, depending on the share of redispersed polymer. The
share of the redispersed polymer in the samples was 0% ie. without
RDP, 1%, 2%, 3% and 5%. The characteristics of the used RDP are
given in the following Table 6 [9].

Table 6: Technical specifications VINAVIL-a 5603 PB” [9].

Moisture content, max % max. 1
Density on 23°C, kg/dm? 0,55+0,05
Protective colloid Polyvinyl alcohol
Dush content, % 12+2
Residue on the sieve>500 pm, % <0,5
Tg, °C -6
MTF (50% redispersion), °C 0
Viscosity by Brookfield
(50% redispersion), mPa-s <1000
pH value 7,5+0,5

Modified methyl hydroxy ethyl cellulose is used as an additive
for water retention, which has a commercial name “WALOCEL MKX
25000 PF 25 L, the manufacturer Dow Chemical Company from the
United States. Technical characteristics are shown in Table 7 [10].

Table 7: Technical characteristics , WALOCEL-a MKX 25000 PF
251" [10].

Form Powder
Solubility Solubility in water
Viscosity (2 % solution), mPa-s 22000 - 28000
pH value Neutral
Moisture content, max.% 7

Testing the performance of adhesives, depending on the

share of redispersed polymer

Testing the Consistency of Fresh Adhesive: Method of table-
quake is used to test the consistency of fresh adhesive. Dry adhesive
was prepared by homogenizing the components whose concentra-
tions are given in Table 8. The amount of water was added in the
dry adhesive, recommended by the manufacturer, which is enough
for the adhesive to be unhindered processed. In the preparation of
fresh adhesive in practical part of this paper, 680 ml of water was
added to 2 kg of samples. A moving table consists of round, gradu-
ated glass plate. Turning the handle, which is on the side, causes the
rising of plate and at one point plate is dropped and causes glue to
spread. The following illustration shows moving table with mold
on it (Figure 13). In the middle of the board is set mold, whose one
third is filled with fresh adhesive. This is followed by 15 taps with
a stick (equate occupancy mold). The same is repeated when the
two-thirds of the mold are filled and when the entire mold is filled.
Then the mold is lifted so that only adhesive remains on the board.
The cycles of raising and falling plates are repeated 15 times after
what the value of the radius distribution is read off. We read off
two radius which are perpendicular to each other. As the result, we
take average value. The procedure is repeated three times for each
sample. Results of examination are given in Table 9 and Figure 14.

Table 8: Components of dry adhesive and their mass fractions.

Component mas. %
Cement 33,1
Quartz sand 37,5
Filler (stone dust) 29, 28,27,26i24
Redispersible polymer (RDP) 0,1,2,3i5
Methyl hydroxy ethyl cellulose (MHEC) 0,4

Table 9: Results of testing the consistency of fresh adhesive.

Diameter Share of redispersed polymer [%]
(cm)
0 1 2 3 5
Sample 1 17,0 17,0 17,0 17,0 17,0
Sample 2 16,0 17,0 17,5 17,5 18,0
Sample 3 18,0 18,0 17,0 17,0 17,0
Average 17,0 17,3 17,2 17,2 17,3
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Figure 13: A moving table for testing the consistency of
fresh adhesive.
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Figure 14: Dependence of consistence of fresh adhesive

from the share of redispersible polymer.
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On the basis of testing the consistency of fresh adhesive it can be
concluded that there is no significant change in consistency along
with the increase in the share of dispersed polymer. Consistency
of fresh adhesive depends on the friction between the aggregate. If
the friction is bigger, consistency is stiff, and vice versa, less friction
causes a softer consistency. As the test samples had approximately
the same granulometric content, relative humidity of aggregates
and the same amount of added water (for making mixtures), this
was probably the reason that the consistency was not significantly
changed. If the polymer was added in a form of dispersion (liquid
form), probably consistency would be softer along with the
increasing content of dispersion, because dispersions themselves
contain about 50% water, and also contain surfactants which
increase wetting of solid particles.

Adhesion Testing of Adhesive on the Substrate: Adhesion is
the interactive force acting between different molecules or different
parts of the body. The adhesion of the adhesive to the substrate
was investigated as follows: pieces of EPS plates (10 x 10 cm)
are cut, and then the mixture of fresh adhesive is prepared. After
preparation of fresh adhesive, adhesive is applied to the EPS plates,
and then placed on substrate. As a substrate used concrete slab,
size 30 x 30 cm. Before placing the EPS plates on the substrate, it
is necessary to put two thin ropes between the substrate and the
EPS plates. When adhesive is hardened, the concrete slab is turned
upside down, and the ropes are fastened to container into which
the sand is gradually poured. At one point, as a result of the load,

there will be a separation of EPS plate from the substrate, and when
that happens we measure the mass of the container with sand.
After that, a simple calculation reveals adhesion in

Kpa:F=m.g (6)

Adhesion =[kPa] =§ 1000 (7

A-area of EPS plate [mm?]; 4 = 10000 mm

Tests were done after 7 days and after 28 days. The results are
given in Tables 10 and 11, and in Figures 14 and 15. Comparison
of adhesion after 7 and 28 days is given in Figure 16. The results
show that the adhesion increases afret seven days along with
increasing share of dispersed polymer (almost linear). It also shows
the results of the adhesion after 28 days. This increase in adhesion
can be explained by the mechanical connection (“jam”) polymer in
arough surface (concrete and expanded polystyrene). The values of
adhesion after 7 days are slightly less than the value obtained after
28 days. The reason for this behavior is in the process of cement
hydration. Cement fully hydrated after 28 days, so that after this
period cement achieved the maximum of its mechanical properties,
and this is probably the reason of higher value of adhesion for the
substrate samples of 28 days from samples of 7 days (Figure 17).

Table 10: Adhesion testing of adhesive on the substrate after 7
days.

Measurment Share of redispersed polymer [%]
values (kPa)
0 1 2 3 5
Sample 1 9,3 13,3 16,1 20,2 24,5
Sample 2 11,9 15,7 14,3 22,4 21,4
Sample 3 9,7 13,6 15,8 17,9 22,2
Average 10,3 14,2 15,4 20,8 22,7

Table 11: Adhesion testing of adhesive on the substrate after 28
days.

Measurment
values (kPa)

Share of redispersed polymer [%]

0 1 2 3 5
Sample 1 10,5 16,3 18,7 23,6 29,5
Sample 2 12,9 14,7 22,3 25,8 26,1
Average 11,7 15,5 20,5 24,7 27,8
s N
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Figure 15: Adhesion of adhesive to the substrate depending
on the share of the RDP after 7 days.
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Figure 16: Comparison of adhesion after 7 and 28 days.
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Figure 17: Plates separated from the substrate during the

adhesion test.
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Figure 17 shows that the plate glued with adhesive with 0%
of RDP is completely separated from the substrate, together with
most of adhesive. In the case with the plate which is glued with
adhesive with 1% of RDP, a plate is completely separated from the
substrate, but most of the adhesive stayed glued to the substrate.
The panel, which is glued with adhesive with 2% of RDP is not
completely separated from the substrate, but a small part stayed
attached to the surface. The plates glued with adhesives consisting
of 3% and 5% of the RDP mainly stayed glued on the substrate, only
a small part is separated from the substrate. This shows that the
adhesion of adhesive to the surface increases with increasing share
of RDP. The polymer bonds that were formed inside the cement
matrix additionally link adhesive to surface as well as to EPS plate.
Polymer bonds prevents complete separation of EPS plate from the
substrate.

Testing Flexural and Compressive Strength of Hardened
Adhesive

Sample Preparation of Hardened Adhesive: Table 8. shows
the mass percentages of the components of which we have made
samples. Testing flexural and compressive strength is done
according to the EN 1015-11 standard. Three samples from each
glue are prepared, samples’ dimensions are 40 x 40 x 160 mm.
Mold for the production of test samples is shown in Figure 18. Fresh
adhesive is brought into the mold in three layers of equal height.
After bringing each layer into the mold, the mass is compacted by
a metal part of mold. After the mold is filled with fresh adhesive, it
is placed in a polyethylene bag and kept there for 24 hours. After
24 hours, if the adhesive is enough harden to be able to remove
the samples without damage, the mold will be disassemble and the
samples will be taken out. If the adhesive is not harden enough for
24 hours, the samples will be taken out after 48 hours. After that,

samples are removed from the mold, and placed in polyethylene
bags well tied, so that moisture cannot go into the atmosphere.
Otherwise, samples should be cherish in the water, because the
main binder is a cement for whose hydration the water is necessary,
however, water completely counteracts the effects of RDP on
adhesive properties, so samples are kept in polyethylene bags,
which retain the moisture required for the hydration of cement, and
in addition there will be no negative effect on the RDP.

e N

Figure 18: The mold filled with fresh adhesive.
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Testing Flexural Strength of Hardened Glue: Flexural strength
is the ability of material to resist deformation caused by load. To
determine the flexural strength, we tested three prisms with the
dimensions 40 x 40 x 160 mm. Prism is laid against two cylindrical
supports. Concentrated forces act in the middle of the sample, as
shown in Figure 19. The intensity of the force is increased till the
sample gets broken. Tests are performed using Michaelis press
(Figure 20) [11]F. Flexural strength is calculated by the following

formula:
- N

U
0,77 T

—QT
100205

1000£05

10,005

=4l

41525

=30

=160

Figure 19: Testing flexural strength of hardened adhesive
[11].

Fl
A =1’SW (8)

where is:

f- flexural strength, N/mm?,

F- the maximum force acting on the sample, N,
1- wheelbase, mm,

b- width of sample, mm; d - the height of sample, mm.
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Figure 20: Michaelis press.
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Relevant result is the average value of three measurements f,

half of the sample is exposed to gradual load, perpendicular to the
direction of compaction when creating samples. Hydraulic press
is used for this experiment, for testing compressive strength. The
pressure acting on the area of 4 x 4cm. Test results are provided
in Table 13 and Figure 22. The results show that the compressive
strength of hardened adhesive decreases along with the increase
of the share of redispersed polymer, as well as flexural strength do.
The reason for this behavior is the same as in flexural strength, ie.
type of redispersible polymer belongs to the soft types of redisperse
polymer because of the low glass transition temperature (-6°C), so
to say, because of the allocation of the same properties, ie. becomes
softer and more elastic, and therefore the compressive strength
decreases.

Table 13: Measuring values of compressive strength of hardened
adhesive.

fif,
= L+ L+ /s 9) Measurment Share of redispersible polymer [%]
’ 3 values (MPa)

Results of testing are given in Table 12 and Figure 21. 0 1 2 3 5
Table 12: Value measurement of flexural strength of hardened Sample 1 2,86 2,38 2,10 1,84 1,49
adhesive. Sample 2 333 | 285 2,23 1,87 1,74

Measurment Share of redispersible polymer [%] Sample 3 3,11 2,60 2,09 1,99 1,78
values (MPa) Average 310 | 261 2,14 1,90 1,67
0 1 2 3 5
e N
Sample 1 1,79 1,56 1,48 1,33 1,11
5.00

Sample 2 1,81 1,52 1,52 1,38 1,15

Sample3 | 1,80 | 150 1,44 136 1,12 T

Average 180 | 153 1,48 136 113 srang 2

gE
p N s 2.00 ® P °
2.00 g 100
_ * 0.00
® 1.50 . Py 0 1 2 3 4 5
£ 3 ® Share of RDP (%)
TE . . .
£ 100 * Figure 22: Compressive strength of hardened glue in
= relation to the share of RDP.
\ J
0.50
0 1 2 3 4 5 Testing Capillary Water Absorption, the Hardened
SHACRERDE (] Adhesive: Testing capillary absorption of the hardened adhesive is
Figure 21: The dependence of the flexural strength of the being tested on parts of samples that had previously been subjected
hardened adhesive in relation to a share of RDP. to the test of flexural strength. Testing is done according to standard
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The results shown that there has been a decrease of flexural
strength with increasing the share of redispersed polymer (Table
12). Redispersible polymer, used in test, has a low glass transition
temperature (-6°C), and belongs to soft redispersed polymers, so
that it assigns the same properties to the material, ie. adhesive
becomes more elastic, softer, so that, under the load on Michaelis
press flexing and cracking of sample occur. This is probably reason
why there has been a decrease of flexural strength with the increase
in the share of redispersed polymer.

Testing Compressive Strength of the Hardened Adhesive:
Compressive strength is the maximum pressure that adhesive can
bear without breakage or cracking [12]. This test is performed on
samples subjected to previous testing of flaxural strength. Each

EN 1015-18. The longer sides of the samples are first painted over
with paraffin wax or a synthetic resin, and then dried in an oven to
constant weight. Figure 23 shows the samples immersed in water.
The samples are set up in such a way that the broken part faces the
ground. Samples are placed on a small support (supports should
have little surface), and then water is poured into the container, so
that 5-10 mm of samples are immersed in water. Time of samples
immersion is recorded. Mass measurement is tested after 10 and
after 90 minutes. Samples are removed from the water, and residual
water on the samples is removed with a cloth, and then the weight
of samples is measured. Test results are given in Tables 14 & 15
and Figures 24 & 25 The results shown that the capillary water
absorption of the hardened glue decreased with increasing share of
redispersed polymer. This decrease in capillary water absorption
is explained by filling the pores with coagulated polymer, reducing
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the open porosity and slowing the development of micro cracks. So,
by increasing the content of the RDP, there will be a better filling of
pores in the cement matrix with polymer material and therefore it
will reduce water penetration into the material.

e N
Figure 23: Samples for testing of capillary water absorption
of hardened adhesive.
N
e N
3.00
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g .
_'% 2.00 L °
2 100 .
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0 1 2 3 4 5
Share of RDP (%)
Figure 24: Dependence of the capillary water absorption
of hardened adhesive from share RDP after 10 minutes.
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Figure 25: Dependence of the capillary water absorption
of hardened adhesive from share RDP after 90 minutes.
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Table 14: Measurement values of capillary water absorption of
hardened adhesive after 10 minutes - experiment results.

Table 15: Measurement values of capillary water absorption of
hardened adhesive after 90 minutes experiment results.

Measurment Share of redispersible polymer [%]
values (MPa)
0 1 2 3 5
Sample 1 9,11 6,16 5,50 5,23 4,36
Sample 2 8,16 6,04 5,43 514 4,45
Sample 3 8,38 6,20 5,58 5,05 4,41
Average 8,55 6,13 5,50 5,14 4,41

Testing Volume Mass of Hardened Adhesive: Volume of
hardened adhesive is the ratio of mass and volume of the hardened
adhesive together with cavities and pores. It is expressed in kg/m?.
The sample has dimensions of 40 X 40 X 160mm and is prepared
according to BS EN 1015-11 standard. Hardened samples are dried
to constant weight and then weighed. The volume of the sample is
known, so that the volume mass is calculated by the formula.

mass of hardened adhesive
volume of hardened adhesive

Volume mass of hardened adhesive =

Table 16 shows the values of volume mass of adhesive
depending on the content of the RDP, the results are also presented
in Figure 26. From the results it can be seen that the increase in the
share of redispersed polymer causes decrease in volume mass of
hardened adhesive. It is logical order to maintain the mass balance
of the recipe: if we increase the proportion of RDP in the mixture,
the proportion of other components will be reduce by the same
percentage [13]. In this case the component which is decreased
share in the mixture is stone dust (filler), which has higher specific
gravity than the specific weight of the RDP, so that it is reflected on
the volume weight of hardened adhesive [14-15].

Table 16: Measurment values of volume mass of adhesive
depending on the share of RDP - experiment results.

Measuerment values of Share of redispersible polymer [%]
vol. mass (kg/m?)
0 1 2 3 5
Sample 1 1510 | 1485 | 1460 | 1435 1387
Sample 2 1514 | 1489 | 1467 1431 1381
Sample 3 1507 | 1482 | 1455 | 1436 1390
Average 1510 | 1485 | 1461 | 1434 1386
P
10.00
=10min. =90 min.

Measurment Share of redispersible polymer [%]
values (MPa)
0 1 2 3 5
Sample 1 2,67 2,19 2,05 1,98 1,17
Sample 2 2,68 2,09 2,08 1,95 1,23
Sample 3 2,65 2,15 2,03 1,90 1,15
Average 2,67 2,14 2,05 1,94 1,18

8.00
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4.0

o
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o

Capillary water absorption
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] aL 2 3 5

Share of RDP ‘

Figure 26: Comparison of capillary water absorptions
after 10 and after 90 minutes.
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Conclusion

The results of tests carried out in the context of practical part
show that the addition of the redispersed polymer directly affects
all investigated properties, except the consistency of fresh adhesive
where there have been no significant changes with increase of the
share of redispersed polymer. The adhesion of adhesive on the
surface is increased with the increase of the share of redispersed
polymer, because of the occurrence of formation of polymer bond
in the cement matrix that additionally binds adhesive on substrate.
Adhesion is also the main characteristic of adhesives for external
thermal insulation together with the capillary water absorption,
so that the redispersed polymer is added in order to increase
adhesion of mortar of the substrate and to reduce the capillary
water absorption.

The results show decrease of the flexural and compressive
strength of the adhesive with the increasing share of redispersed
polymer, because of the type of the redispersed polymer used, ie.
redispersible polymer used belongs to the class of redisperse soft
polymers because of the low glass transition temperature (-6°C).
Increase of the share of dispersed polymer leads to decrease of
volume mass, primarily because of reduced share of aggregate
which has higher specific weight than the specific weight of the
polymer dispersion. In practice, we add 1 to 35 of the redispersion
polymer. We add 1 to 2% of redispersible polymer in the adhesive
for gluing EPS panels, while the adhesive for the reinforcement
contains 2 to 3%. It should be noted that the redispersion polymers
are most expensive components in adhesives for external thermal
insulation, so that with these proportions satisfactory properties of
adhesive are achieved and by this competitive product is provided.
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