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Abstract

The main message of the article is an analysis of the impact
of: the aerating agent, cement, polymer additives, cellulose
ethers, and perlite on renovation plaster porosity. To deter-
mine the impact, an orthogonal design of experiment proposed
by Taguchi was used. The results show that the air content in
the mixture does not necessarily indicate high porosity of the
hardened mortar and vice versa. This is because not all of the
factors analyzed in this experiment have significant impacts
on the output. In terms of air content in fresh mortar, cement
and aerating agent are significant factors. In terms of poros-
ity in fresh mortar, cement, aerating agent, perlite and cellu-
lose ethers are significant factors. Additionally, the studies are
presented to explain the impacts of these ingredients.
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1 Introduction

Renovating plasters are used for restoring damp and salted
walls. One of the important characteristics distinguishing these
materials from traditional cement-limestone plasters is their
porosity. Although renovation plasters have been used for sev-
eral decades, and in many cases benefits of using them are obvi-
ous, there are also many reservations [1-4]. The main problems
encountered by contractors using these materials include the
appearance of cracks when drying, peeling both immediately
after application and in use, the emergence of salt efflores-
cence, low cohesion of plasters and difficulties in application
and processing, which is an important factor determining the
contractors’ choice [5]. One of the reasons for these problems is
the low porosity of such plasters. The open porosity of a reno-
vation plaster should be over 45%, which is related to their abil-
ity to store salt and not be destroyed by crystallization [6]. The
available literature contains premises specifying the influence
of selected components on the microstructure of mortars. This
proves that the issue is still a current topic of research.

The most important material factors, which shape the micro-
structure of the hardened mortar, are the type and quantity of
the aerating agent, the size and the share of mineral ingredients
- primarily the powdery fractions, type and amount of plastifi-
cators and superplastificators, or other admixtures, e.g. hydro-
phobizing admixture, w/c ratio, the quantity and the cement
type, water etc. [7-9].

1.1 The factors influencing the porosity

Most aerating agents stabilize the foam in the mortar by means
of physicochemical interactions, among them, anionic ones are
of greatest importance [10]. They include a group of compounds
along with functioning group such as: n-alkyl carboxylates
(n-RCOO-), n-alkyl sulfonates (n-RSO,-) and n-alkyl sulfates
(n-RSO,-). The lengths of the hydrocarbon chains are between
C,and C,,

Another material impacts are aggregate and cement. Powers

Fig. 1 presents some types of aerating agents.

[11, 12] demonstrated that the size of the air bubbles is largely
dependent on the size of the aggregate; the increase in the
dusty fraction caused the amount of air bubbles to decrease.
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Fig. 1 Types of aerating agents

On the other hand, the aggregate is involved in the stabiliza-
tion of the air bubbles. According to Powers [11] this is due
to the adsorption of the aerating agents on the surface of the
solids, which may be different for different aggregates and
depends on their chemical composition and processing type.
According to Backstrom [13] the adhesion of air bubbles may
also occur on cement particles. To explain the mechanism of
stabilization of air bubbles on the surface of cement, Du [7]
suggested the Gibbs-Marangoni isotherm. The author stated
that the surface phase differs from the interior of the liquid
phase in composition. The surface of the cement particles has
a high surface energy. Adsorbed admixture particles on the
surface of cement grains, or on the surface of formed hydrates,
lower this energy. Sugiura [14] demonstrated that the type of
cement and the type of polymer additive impact the mortar
porosity. High efficiency in improving porosity is achieved by
using other components such as porous aggregates: zeolites
and perlites [15, 16]. Besides material factors, the microstruc-
ture depends on the method of mortar mixing [17].

1.2 An orthogonal design by Taguchi

An orthogonal design of experiment by Taguchi can be
used to determine the impact of the factors on the properties of
the mortars. This design has proved successful in experimen-
tal optimization of the quality of multi-parameter processes

2 Materials and methods
2.1 The purpose of the study

The purpose of this study was to analyze the impact of
selected admixtures, cement and light aggregate on the aera-
tion and porosity of renovation plasters. In order to reduce the
number of experiments with a balanced statistical scatter and
comparability, Taguchi orthogonal design of experiment was
used. Among the large number of factors that could influence
the aeration of the mortar and the porosity of the plasters, five
variables x (s =1, 2,3, ..., S) were selected for this study. These
were cement, polymer additive, cellulose ethers, aerating agents
and lightweight aggregate - perlite. Factors whose impact on
porosity and aeration have not been analyzed were fixed as con-
stant. The time to mix the ingredients was also the same.

2.2 The subject of the research

The research was carried out on the original recipe of ren-
ovation plasters with the composition shown in Table 2. The
factors influencing the air content in fresh mortar L % and the
open porosity Pc % were as follows: hydroxypropyl methylcel-
lulose (HPMC), for which the proportion of methoxy groups
(OCH,) was 28-30% and hydroxypropyl groups (OC,H,OH)
3.0-5.0 %, with a viscosity determined at a 2% solution of 20
000 mPas, terpolymer poly (vinyl acetate-VeoVa-acryl), and
sodium C14-16 a-olefin sulfonate. The type and composition
of cement is presented in Table 1.

Variation ranges of individual components were determined
on the basis of information in the technical data sheets of the
raw materials as well as exploratory research.

Test specimens were prepared in the amount of 2000 g as
dry ingredients. In each sample, the differences resulting from
the change of ingredients were supplemented with aggregates
(sand and limestone flour mixed in the ratio of 100 to 20). Dry
ingredients were mixed with water using an automatic mortar
mixer compliant with the requirements of PN-EN 1015-2:2000/

Table 2 Renovation plaster recipe together with variation range of factors

and technical objects. The method can be used to optimize a ~_Component quantity (% wt.)* description
new product as well as to improve existing products [18]. The =~ CEMI42.5 Portland cement 10.0+24.0 binder 1
design of experiment is an orthogonal design when the n-di-  hydrated white lime 10.0 binder 2
mensional columns of the measurement array are orthogonal  Poly (VAC/VeoVa/AC) 05+2.0 admixture
to each other as vectors in the Rn space. These designs have  perlite EP 150 05+2.0 lightweight aggregate
many advantages from a statistical standpoint. In particular, ~ sodium lauryl sulfate (SLS) 0.01+0.08 aerating agent
omission of certain parts in the model does not necessitate the  cellulose admixture HPMC 52000 0.08 -0.32 cellulose admixture
conversion of estimates of the remaining parameters, as long as ~ quartzsand 0.0 = 1.0 mm t0 100% aggregate
measurements are made according to the orthogonal design for ~_limestone powder sand x 20% filler
this model [18, 19]. *Quantities refer to the sum of the dry components
Table 1 Chemical composition of Portland cement CEM 142.5 R
ingredients (% wt.)
loss on ignition [%] Sio, ALO, Fe,O, CaO MgO Na,O K,0 Cl NazOeq SO,

CEM 142,5R Goérazdze 2,71 20,04 5,07 2,35 63,94 1,72 0,17 0,77 0,065 0,68 2,81
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Table 3 Levels of factors in the orthogonal design of experiment

A B C D E
Factor/ quantity (% wt.)*
Level polymer  cellulose aerating .
cement additive  admixture agent perlite
1 10.0 0.5 0.08 0.01 0.5
2 14.0 1.0 0.16 0.03 1.0
3 18.0 1.5 0.24 0.05 1.5
4 24.0 2.0 0.32 0.08 2.0

*Quantities refer to the sum of the dry components

A1:2007E [20]. Sample curing was carried out in accordance
with PN-EN 1015-11: 2001[21]. All tests were performed with
constant consistence of the mortar determined by flow table
according to PN-EN 1015-3:2000/A2:2007[22], which was 170
+ 5 mm. The air content was tested according to PN-EN 1015-
7:2000 and porosity was tested based on WTA Merkblatt 2-09-
04/D Sanierputzsysteme[6].

2.3 Orthogonal design of experiment

In order to investigate the influence of individual factors
on the scatter of the examined properties, a multivariate anal-
ysis of variance was used. In the analysis, for each factor
the null hypothesis HO was formulated: the influence of the
factor was not proved. By using the test you can either reject
the null hypothesis or state that the results of the experiment
do not contradict the hypothesis. Four levels of x_variables
were used in the experiment. These levels were determined
by the amounts of individual components of the renovation
plaster recipes. These levels were the amounts of individual

components in the renovation plaster recipe. In the case of
cement, the amounts were 10, 14, 18 and 24%. The other fac-
tors also reached one of four possible levels: the aeration
admixture (0.08, 0.16, 0.24 and 0.32%) and polymer addition
(0.5, 1.0, 1.5 and 2.0%), respectively. The levels of factors in
the orthogonal design of experiment are summarized in Table
3. The quantities of ingredients are expressed in percentage by
mass in relation to the dry ingredients.

In order to apply the Taguchi approach, the L16 design of
experiment (type B) was used to solve the problem [23].

N X, X, X, X, X,

1 1 1 1 1 1
21 2 2 2 2
31 3 3 3 3
4 1 4 4 4 4
52 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8§ 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
4 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2

According to this plan, 16 experiments were designed, as
presented in Table 4. Numbers in parentheses indicate the lev-
els adopted in the design of experiment.

Table 4 Orthogonal design of experiment and the experiment results

cement polymer cellulose aerating agent perlite air contents L porosity Pc water
No. (% wt.)* (% wt.)* (% wt.)* (% wt.)* (% wt.)* (%) (%) (% wt.)*
A B C D E

1 10.0 (1) 0.5 (1) 0.08 (1) 0.01 (1) 0.5(1) 18.0 37.0 19.0
2 10.0 (1) 1.0 (2) 0.16 (2) 0.03 (2) 1.0(2) 22.0 40.0 22.0
3 10.0 (1) 1.5(3) 0.24 (3) 0.05 (3) 1.5(3) 27.0 44.0 27.0
4 10.0 (1) 2.0 (4) 0.32 (4 0.08 (4 2.0(4) 30.0 49.0 29.0
5 14.0 (2) 0.5 (1) 0.16 (2) 0.05 (3) 2.0(4) 29.0 49.0 28.0
6 14.0 (2) 1.0 (2) 0.08 (1) 0.08 (4) 1.5(3) 33.0 50.0 23.0
7 14.0 (2) 1.5(3) 0.32 (4 0.01 (1) 1.0(2) 19.0 38.5 27.0
8 14.0 (2) 2.0 (4) 0.24 (3) 0.03 (2) 0.5(1) 24.0 37.0 22.0
9 18.0 (3) 0.5 (1) 0.24 (3) 0.08 (4) 1.0(2) 32.0 49.0 25.0
10 18.0 (3) 1.0 (2) 0.32 (4) 0.05(3) 0.5 (1) 29.0 42.0 25.0
11 18.0 (3) 1.5(3) 0.08 (1) 0.03 (2) 2.0(4) 27.0 46.0 28.0
12 18.0 (3) 2.0(4) 0.16 (2) 0.01 (1) 1.5(3) 22.0 43.0 25.0
13 24.0 (4) 0.5 (1) 0.32 (4) 0.03 (2) 1.5(3) 29.0 42.0 27.0
14 24.0 (4) 1.0 (2) 0.24 (3) 0.01 (1) 2.0 (4) 21.0 45.0 28.0
15 24.0 (49 1.5(3) 0.16 (2) 0.08 (4) 0.5 (1) 36.0 48.0 23.0
16 24.0 (49 2.0(4) 0.32 (1) 0.05 (3) 1.0 (2) 31.0 48.0 28.0

The numbers in brackets indicate the factor value corresponding to the Taguchi design of experiment according to the adopted L16 model (type B). Quantities

refer to the sum of the dry components
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2.4 Methodology of results analysis

Analysis of results of the scatter and variance were used
for analyzing the factors based on the orthogonal design of
experiment.

Based on the analysis of the resulting scatter, the most
favorable composition of the mixture was determined as well
as the order of impact in terms of air content L (%) and poros-
ity Pc (%). The ranges of factorial variation are presented in
the tables in which Ki is the mean of the impacts of factors A,
B, C, D on the adopted levels, which equal 1, 2, 3, 4. Based on
the analysis of variance, the order of impact of the factors and
their share amounts were determined. Regression analysis was
performed or 5 factors A, B, C, D, E - independent variables
and for 2 dependent variables: L (%), Pc (%). This analysis
was performed with the Statistica package using the multi-
ple regression option. Complete linear and linear-quadratic
regression models were determined only with significant fac-
tors at significance level of 0.05. For each regression equation,
the basic characteristics for evaluating the quality of a regres-
sion equation, such as the correlation coefficient R, the value
of F-Snedecor statistics, the significance level for the whole
regression equation and for individual factors were given. In
order to assess the impact of the factor on the multiplicity of
the dependent factor, the significance p-value was considered.
The lower the value, the greater the impact of the factor.

The obtained regression equations can be used to predict
the value of dependent Pc (%) and L (%) variables. Addition-
ally, a “prediction error” was calculated as a percentage of the
estimation error divided by the mean value of the dependent
variable. The value of this indicator shows what average error
(expressed in percentage) is made while predicting the value
of the dependent variable on the basis of the regression equa-
tion. Linear regression models can be used to predict the value
of dependent variables, but they are insufficient to determine
the value of local extremes, since linear functions do not have
local extremes. The lowest and the highest values are taken on
the boundary of the area of the independent variables (factors)
range. Therefore, a quadratic regression analysis was also per-
formed, taking into account only two independent variables
with the lowest significance level. Once the quadratic regres-
sion equations were established, the plots of the corresponding
surfaces were made, which show the extent of extreme values.
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Fig. 2 Impact of the factors level on the air content in fresh mortar L (%)

50 important important
factor factor
48 important important
& factor actor
§ factor
> 46
&
Z
g Neee
S 44
42
40
101418 24 05101520 008016024032 0.010.03 0.050.08 0.5 10 1.5 2.0 (%)
cement polymer cellulose aerating perlite
additive admixture agent

Fig. 3 Impact of the factors level on porosity of hardened mortar Pc (%)

3 Results and their discussion
3.1 Analysis of factors variability

The results of the orthogonal design of experiment are pre-
sented in Table 4. The expected scatter of impact of the factors
on the air content L (%) in the fresh mortar is shown in Fig. 2
and on the porosity of the hardened mortar Pc (%) in Fig. 3. The
scope of the analysis resulting from the orthogonal design of
experiment is presented in Table 5.

Based on the experimental data, a table was developed com-
prising a set of values for factors A, B, C, D, E for which the par-
ticular dependent variables have minimum and maximum values.

Analyzing the results presented in the table and graphically
in the plots, the following conclusions can be drawn:

The order of influence of the factors on the air content L
(%) in the fresh mortar is as follows: DABEC. This means that
the predominant influence is that of aerating agent, and the
D4 value is the most favourable. The second factor is cement,
A4 is the optimum value. According to the same method of
analysis, the values for the remaining components should cor-
respond to B3, E3, and C2.

Table 5 The scope of analysis resulting from the orthogonal design of experiment

air content L (%)

porosity Pc (%)

A B C D E A B C D E
K1 24.25 25.0 27.25 20.0 26.75 42.5 45.0 45.25 40.88 41.00
K2 26.25 26.25 27.25 25.5 26.0 43.63 44.25 45.00 41.25 43.88
K3 27.5 27.25 26.00 29.0 27.75 45.0 44.13 43.75 45.75 44.75
K4 29.25 26.75 26.75 32.75 26.75 45.75 44.25 42.88 49.00 47.25
Scope of analysis 5.0 2.25 1.25 12.75 1.75 3.25 0.88 2.38 8.13 6.25
Optimum values A4 B3 C2 D4 E3 A4 B1 Cl D4 E4
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Table 6 Results of regression analysis - complete model for air content

independent variables factors significance level significance
free term 13.8607417 0.000000 significant variable
cement X1 0.3424 0.000000 significant variable
polymer additive X2 0.2788 0.505338 non-significant variable
cellulose admixture X3 -3.6394 0.189167 non-significant variable
aerating agent X4 182.5321 0.000000 significant variable
perlite X5 0.0242 0.952632 non-significant variable

Regression equation:
Y=13.8607417+0.3424-X1-0.2788-X2-3.6394-X3+182.5321-X4+0.0242-X5
Multiple correlation coefficient R = 0, 96001687

F-Snedecor statistics: F(5.42) = 98.787

Significance across the equation: 0.00000 equation is significant

Error of estimate: 1.5616

Error of estimate as a percentage of the mean d = 5.82%

Table 7 Results of regression analysis - complete model for porosity

independent variables factors significance level significance
free term 31.1447741 0.000000 significant variable
cement X1 0.2765 0.000000 significant variable
polymer additive X2 0.0535 0.888413 non-significant variable
cellulose admixture X3 -7.7920 0.003163 significant variable
aerating agent X4 131.6212 0.000000 significant variable
perlite X5 3.7164 0.000000 significant variable

Regression equation:

Y=31.1447741+0.2765X1+0.0535-X 2-7.7920-X3+131.6212-X4+3.7164X5
Multiple correlation coefficient R = 0.95380993

F-Snedecor statistics: F(5.42) = 84.678

Significance across the equation: 0.00000 equation is significant
Error of estimate:1.4250

Error of estimate as a percentage of the mean d = 3.21%

In the case of porosity Pc (%), the order of influence is
DEACB. The predominant influence is that of aerating agent, and
the D4 value is the most favourable. Another factor is perlite, E4
is the most favourable value, followed by cement and cellulose
ether. Values of other components should be A4, C1, and B1.

3.2 The analysis of variance

Complete linear regression models with analysis of vari-
ance of air content L (%) are presented in Table 6. The signif-
icance of the impact of the examined factors and the order of
impact of the examined factors as well as the their quantities
were assessed on the basis of the p-value significance level.

3.2.1 Air content L (%)

Based on the analysis of variance of the orthogonal design
of experiment (Table 6) it can be concluded that the signifi-
cance level p for the whole equation is close to zero, the value
of F-Snedecor statistics F'(5.42) is 98.787,and the coefficient of
multiple correlations is significantly different from 0, i.e. the
regression equation is significant which means that the impact
of factors can be described using a linear model. A low error of
estimation of 1.5616% allows to use the equation to predict the

dependent variable. The most influential factors are the aerat-
ing agent and the cement, which shows that the results of the
variance analysis coincide with the variance analysis.

3.2.2 Porosity Pc

Based on the analysis of variance of the orthogonal design of
experiment for porosity (table 7), it can be stated that F' (5.42) is
equal to 84.678, the probability level p is close to zero, and the
coefficient of multiple correlation is significantly different from
0, i.e. the regression equation is significant. Based on the mag-
nitude of the significance level p, it can be stated that the great-
est impact on the porosity is that of: cement, aerating agent, and
perlite. It has also been found that the cellulose ether impacts
the porosity negatively. The impact of the polymer additive is
the lowest. Also in this case, the results of the analysis of vari-
ance coincide with those of the variation analysis.

3.3 Material linear-quadratic models of two variables

The obtained results allowed to create a material model
describing the impact of the most important factors on the air
content L (%) and porosity Pc (%). As a material model, a sec-
ond degree polynomial was adopted.
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Fig. 4 The impact of aerating agent sodium C14-16 a-olefin sulfonate (%wt.)
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Fig. 5 The impact of aerating agent sodium C14-16 a-olefin sulfonate (%wt.)

and cement (%wt.) on the porosity P (%) of renovation plasters
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Fig. 6 The impact of perlite (%wt.) and aerating agent sodium C14-16

a-olefin sulfonate (%wt.) on total porosity Pc (%)

3.3.1 Aerating agent

The cement and aerating agent had the greatest impact on
the air content. Fig. 4 presents the impact of the amount of
cement and aerating agent on the air content L (%).

When analyzing the contour plot shown in Fig. 4, it can be
concluded that in the analyzed cement range the aerating agent
affects L (%) with varying intensity. The highest increase in L
is obtained at 0.06% of aerating agent, and then the impact is
slowly decreasing.

In the study of the influence of aerating agent on the total
porosity Pc (%) in the examined range of cement quantities
(Fig. 5), it was found that the greatest impact of this admixture
is at 10 to 20% of cement content. As the cement content fur-
ther increases, the influence intensity of aerating agent reduces.
The porosity continues to increase, but not as intensively as at
lower content of cement.

It can be concluded that aerating agent and cement have a dif-
ferent impact on the air content, and different on the porosity.

3.3.2 Perlite

Based on the results obtained, it was concluded that perlite
significantly affects porosity, however no impact of this factor
on air content was found. Fig. 6 presents the impact of perlite
and aerating agent on the porosity of plasters. Analyzing the
results, it can be concluded that high porosity can be obtained
as a result of changes in the amount of aerating agent and per-
lite. However, no synergistic impacts of both components on
the total porosity of Pc were observed.

3.4 Impact of aerating admixture and perlite on the
microstructure of renovating plasters

Fig.8 shows the pore size distribution in hardened renova-
tion plasters with porosity of 37 and 42%. The plasters were
obtained in recipes 1 and 13 with Taguchi orthogonal design
(Table 4). The obtained results were compared with the pore
size distribution of the plaster obtained from the recipe con-
taining the optimal amounts of components in the aspect of
porosity (Table 5), which are: cement 24%, perlite 2.0%, aer-
ating agent 0.08%, cellulose ether 0.08% and polymer additive
0.5%. The measurement of pore size distribution was carried
using Carlo-Erba 4000 porosimeter.

An important factor, which has the influence on the aeration
of the mortars with the use of the aerating agent, is the amount
of water in the mixture. When the amount of water is insuf-
ficient, the aeration of fresh mortar is low. Fig. 7 presents the
impact of w/c ratio of the analysed renovation plasters (recipe
1, 13, and optimal) on the air content (Fig.7a), and flow (Fig.7b).

40
#-recipe 13 -aoptimal ~ -e-recipe 1
35
S 30
g
s 25
3
£ 20
B //A—‘
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0.4 0.7 1 1.3 1.6 1.9 2.2
wic

Fig. 7 The impact of w/c on air content in fresh mortars L (%) (a), and flow
(mm) (b) for samples obtained from recipe 1 and 13 (Table 4) compared with
the plasters obtained at the optimal amounts of components (Table 5)
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Fig. 8 Differential distribution of pore volume depending on their effective
radii for samples of plasters obtained from recipes 1 and 13 (Table 4) com-
pared with plasters obtained at the optimal amount of components (Table 5)
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Fig. 9 Photographs of fractures of hardened restoration plaster samples made

using SEM, plaster with porosity of 37 % (a and b), plaster with porosity of
42 % (c and d), plaster with porosity of 48%(d and f)
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Fig. 10 The impact of the amount of aerating agents: 1 - based on sodium
C14-16 a-olefin sulfonate 2 - based on sodium lauryl sulfate (SLS) on poros-
ity Pc (%)

In Fig. 9, there have been included photographs of fractures
of hardened restoration plaster samples made with SEM. Ana-
lyzing the results of the research presented in Fig. 8, it can be
concluded that the pore size distribution in the plaster varies
with the content of the aerating agent and perlite.

For plasters with a porosity of 37% (obtained from recipe 1 in
an orthogonal design, Table 4), the amount of perlite was 0.5%,
and the aerating agent was 0.01%. The pore size distribution is
slightly bimodal. The maximum of pore volumes ranges in diam-
eter from 0.01 to 7 um, and from 7 to 100 um. On the basis of
microscopic observations (Fig. 9a and 9b), it can be concluded
that the pores with a diameter below 7um are partly formed by
gaps between the aggregates and the cement matrix. Perlite had an
impact on pores with a diameter above 7um. The aerating agent
in an amount of 0.01% was too low to create pores in the plaster.

With the increase of perlite content to 1.5% and aerating
agent to 0.03% (recipe 13 in the orthogonal design, Table 4)
the pore size distribution is clearly bimodal. The maximum of
pore volumes ranges in diameter from 0.01 to 30 um, and 30
to 300 pm. Pores with a diameter of up to 30 um in the plaster
were influenced by perlite. Next to them, pores with a diameter
of 30 um to 300 um appeared, which have a regular spherical
shape formed by an aerating agent (Fig. 9c and 9d).

Fig. 9e and 9f show the renovation plaster fracture obtained
with the most favorable amounts of components, resulting
from the analysis of optimal values from Taguchi’s orthogonal
design (Table 5). The most significant impact on porosity was
that of perlite in the amount of 2% and aerating agent in the
amount of 0.08%, at the plaster porosity 48%. In the images,
two types of pores are visible: one type derived from perlite
(the maximum volume in diameter range from 0.01-50 pm),
with a characteristic glassy structure. The other type is derived
from aerating agent, featuring a spherical shape and sizes from
50 to 300 um. The pore size distribution is clearly bimodal.

Fig. 10 presents the impact of the amount of two different
aerating agents, the first based on sodium C14-16 a-olefin sul-
fonate - admixture I, the second based on sodium lauryl sul-
fate (SLS) - admixture II, on porosity Pc (%). The amount of
water in the plaster was optimal, and the porosity was mainly
influenced by the type of acrating agent.

It can be stated that with increasing amount of aerat-
ing agents in the recipe, the porosity of the hardened plaster
increased unevenly. For aerating agent based on sodium C14—
16 a-olefin sulfonate, with amounts of this admixture ranging
from 0.0 to 0.02%, the porosity increased more slowly than
for the amounts from 0.02 to 0.08%. It reached a maximum
pore volume of 48% with 0.08%. A further increase caused
a slight decrease in porosity. For the admixture II, based on
sodium lauryl sulfate (SLS), an increase in porosity occurred
already with a contents of 0.01%. It was found that with the
optimum amount of water in the recipe, the porosity of plas-
ters can be influenced by admixture type and quantities. The
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most important of which include chemical composition, con-
centration of active substances, molecular mass and structure
of polymers it contains [11]. Occurrence of the maximum on
the diagram means that there is an upper limit of the aerat-
ing agent amount in the plaster, beyond which increase in the
amount of the admixture does not affect the porosity. Increas-
ing the porosity by more than 10% was achieved by the simul-
taneous use of two different admixtures in the recipe.

The observed phenomenon can be explained by the impact
of the aerating agent (admixture 1) on the change in surface
tension of the batched water. At low doses the surface ten-
sion of water is not changed. This is due to the fact that small
amounts of admixture 1 are first adsorbed on the surface of
solids, and it is the admixture in the liquid phase that is respon-
sible for the formation of foam. On the other hand, with exces-
sive admixture amounts, the formation of micelles occurs, in
which aerating agents are trapped and do not take part in the
formation and stabilization of the foam. Surface tension is also
not reduced by the micelles formed [10].

4 Conclusions

On the basis of the research, it can be concluded that the use
of the Taguchi method to shape the porosity of renovation plas-
ters allowed to identify the components that have the greatest
impact on porosity and to determine the optimal amounts of
these components in the recipe.

The optimization of recipes using the Taguchi method was
performed on a small number of experiments, which allowed
to significantly shorten the time and save on costs.

Thanks to the obtained recipes, further research on the
influence of aerating agents on porosity was carried out, with
the determined optimal amounts of the other components.

As a result of these further studies, it was established that
there is an upper limit of the amount of aerating agent in the
plaster, beyond which increasing the amount of admixtures
does not affect the porosity.

Increasing the porosity by more than 10% was achieved by
the simultaneous use of two different admixtures in the recipe.
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