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Abstract: This article represents necessary research, adopting an interdisciplinary approach and a
combination of methodologies, in order to better describe the evolution of the physical and mechanical
characteristics of mortars. This was done employing modern methods and modern equipment, such as
the Bohme equipment for wear tests. Compression and bending test equipment were also used, as well
as methods for testing adhesion to the support layer. The purpose of this research is represented
by the need to optimize mortar recipes, based on cement and organic and/or synthetic polymers.
We focused on how they can be optimized in order to obtain recipes that best meet the needs of
today’s construction.

Keywords: polymers; casein powder; mechanical strength; mortar recipes; rubber powder; complex
applicability

1. Introduction

As expected, the knowledge about mortars is scarce, due to the fact that each company holds
on to its own recipe in order to capitalize its investment. Usually company recipes are patented.
Not knowing the composition of mortar recipes based on cement and polymers available on the market,
we set out to create new recipes. The Technical University of Cluj-Napoca, namely, the Construction
Materials Department, has been involved in this type of research for several years already, testing
different mortars with organic polymers and having obtained remarkable results in recent times.

2. Materials and Methods

With conventional methods we can describe only the physical-mechanical characteristics of
materials. Modern investigation methods, however, describe the various processes that occur inside the
structure of the materials, analyzing distribution and pore size. In our research for organic materials [1]
(pp. 456–462), the return to the traditional methods of obtaining construction materials was considered.

The polymers were introduced in the standard recipe of cement mortars: organic (casein) 2%
compared to the amount of cement. In the following, we will name each recipe with an abbreviation,
so that we can easily identify them in the text and graphs. The abbreviations are as follows: Standard
Mortar—MS; 2% Casein Mortar—MC 2%; 2%, 5%, and 10% Rubber Powder Mortar—MPC 2%, 5%,
and 10%; 2%, 5%, and 10% Rubber Powder Mortar and Casein 2%—MPC 2%, 5%, and 10% C2%.

The main objective of this article is to emphasize the contribution of polymers, in various forms,
in mortar recipes [2] (pp. 37–40). Obtaining a mortar with an organic polymer recipe and also with a
complex applicability is our goal. The research was performed using modern methods highlighting
the contribution of polymers in increasing the physical and mechanical performance of the studied
mortars. Along with our main objective, we also had these secondary objectives:
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• Analyzing the current situation regarding mortars and polymers used in construction.
• Making rubber mortar recipes with a concentration of 2%, 5%, and 10% by weight of cement and

testing them in order to determine their physical and mechanical characteristics.
• Making rubber mortar recipes with a concentration of 2%, 5%, and 10% by weight of cement with

an additional casein concentration of 2% by weight of cement. Investigating them by traditional
methods and highlighting the contribution of casein.

• Determination of the physical and mechanical characteristics of the standard mortar and all mortar
recipes, maintaining the standards in force, and also testing the mortar recipes at 3, 7, and 28 days.

Studying the chemical properties of cement by testing the standard mortar recipe, but also the
organic and synthetic polymer mortar recipes at 3, 7, and 28 days, we can obtain results that will
further our research.

The steps for the standard mortar recipe and testing equipment are shown in Figures 1–3. We can
observe that every single component was carefully selected, measured, mixed, placed in proper sample
boxes, depending on which testing was to follow, and, eventually, tested.
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Figure 1. (a)–(c) Precise measuring of solid components. 
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Figure 2. (a)–(c) Material preparation and Bohme equipment. 

Figure 1. (a–c) Precise measuring of solid components.
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Figure 2. (a)–(c) Material preparation and Bohme equipment. Figure 2. (a–c) Material preparation and Bohme equipment.

Step one is picking the right materials and precise measuring, as shown in Figure 1a–c. The higher
the quality of the materials, the more qualitative the result will be, but in the field of construction,
we must take into account another very important aspect—the cost.
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Figure 3. (a–c) Sample testing equipment.

The water concentration in the mortar recipe is very important because it dictates the consistency
of the final result, therefore, it is very important to measure it carefully and with maximum accuracy,
as shown in Figure 1b.

The next important step is mixing them together, as shown in Figure 2a, with the help of a mixer,
so we can obtain a homogeneous compound. The material is usually tested with a testing cone.

Figure 2b showcases the adhesion to the main substrate and in Figure 3c we can see the equipment
by which the compressive strength of the material sample is measured. Figure 3a highlights the
bending equipment. In both situations, the material sample will break when the load is too high,
thus establishing the maximum tolerability value. The pink abrasion sand is used for abrasion testing
with the Bohme equipment. The Bohme equipment, as shown in Figure 2c, is in accordance with EN
standards EN 1338, 1339, 1340, EN 13748-2, 13892-3, EN 14157. The machine is used to determine the
volume loss of a sample subjected to the abrasion test.

Three standard mortar samples were prepared, which were tested for bending and compression,
as we can see in Figure 3a–c, obtaining the results pointed out in Figure 4. The prepared samples for
the bending and the compression tests are placed in 4 × 4 × 16 cm molds.
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Figure 4. Three, 7, and 28 day bending (a) and compression (b) tests for MS, 4 × 4 × 16 samples.

3. Results

The results presented in Figure 4 highlight the evolution over time at 3, 7, and 28 days in terms of
bending and compressive strength. One can easily observe the evolution of these values due to the
hydration processes of the cement.

Figure 5a–d shows images from the adhesion testing of the standard mortar to the support layer
(concrete element), which will represent future research directions.
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Figure 5. (a–d) Twenty-eight day adhesion test on the screed.

In order to improve the workability of a mortar, a natural polymer casein in a proportion of 2% by
weight of cement [3] was added. Studying the specialty literature and studying the articles on the
subject, it was found that the percentage of organic material used in researched recipes behaves best
at a percentage of 2% [4]. Thus, we will discuss and later compare the recipes with 2%, with the 5%
and 10% only used as examples. Therefore, the experimental program involved the study of three
samples of 4 × 4 × 16, in which casein was introduced in a percentage of 2% of the overall amount of
cement in the recipe of the initial standard mortar. Figure 6 calls attention to the results from the three
test samples of standard mortar with 2% casein, namely MC2%, using the equipment provided by the
Technical University of Cluj-Napoca; namely, the bending test device and the hydraulic press. We will
structure the abbreviations in Table 1, in order to have better readability.
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Table 1. Mortar sample abbreviations.

Abbreviation Percentage Detailing

MS 2–10% Standard Mortar
MCx% 2–10% Standard Mortar with x% Casein Polymer

MPCx% 2–10% Standard Mortar with x% Rubber Powder and x% Casein Polymer
MPCx%Cy% 2–10% Standard Mortar with x% Rubber Powder and y% Casein Polymer

In the following study, we analyzed another three samples of 4 × 4 × 16 in which casein and
rubber powder were introduced in a percentage of 2% to 10% of the amount of cement (rubber powder)
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and a constant percentage of 2% of casein polymer [4]. Figure 7 shows the results from the three test
samples of standard mortar with 2–10% rubber powder and 2% casein powder, namely, MP2-10% C2%.
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Figure 7. Three, 7, and 28 day bending (a) and compression (b) tests for MPC5-10% C2%, 4 × 4 × 16 samples.

The results presented in Figure 7 highlight the evolution over time at 3, 7, and 28 days of bending
strength and compressive strength for the rubber and casein powder mix recipe. Here we can see the
evolution of these values due to the hydration processes of the cement and also the use of polymers
increases the handling of the product [5].

4. Conclusions

The general conclusions of this paper, which summarizes all discussions on the methods of
investigation used, as well as personal input on the subject, represents all the knowledge learned
so far and all the tests done on the proposed mortar recipes, concerning the bending strength and
compressive strength, the resistance to permeability [6], all those test were made in the Technical
University of Cluj-Napoca labs [7,8].

As specific conclusions on the methods of investigation used [9], we can mention that as time
passes, the standard mortar samples at 28 days are usually much more resistant to compression than
3 days old samples; this can be seen in Figure 4, Figure 6, and Figure 7. This happens with all recipes,
as we can see in Figure 8. The comparison is made between the three types of recipes at the same
time of measurement at odds with the standard mortar. What is noticeable is the fact that both the
casein and the rubber powder and casein recipes are less resistant to compression and bending at
3 days, 7 days, and at 28 days, which is why the next stage of the research will involve recipes in which
both polymers will not be used, but only one of them. We also propose a microscopic investigation,
in order to study how the structure of the mortar evolves using these polymers. When comparing them,
one can observe a better compressive strength of the mixed recipe of 10% rubber powder and 2% casein,
also known as the abbreviation MPC10% C2%, compared to the benchmark—the standard mortar
MS; the compressive strengths are completely different. Even with lower strength results, one thing
stands out; namely, the fact that the handling was clearly superior through the use of polymers [10].
All research has been carried out in accordance with the relevant European standards [11–24].

We leave the discussions open, in terms of adhesion tests, as these will be performed on the
support layer alongside the abrasion tests in the near future in one of our next research papers.
The recipes with the related interpretations should not be neglected as they are very important towards
obtaining a material with the minimum necessary mechanical strength, but with a superior resistance
to permeability [6], which is of the utmost importance in terms of usage.
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Figure 8. Three, 7, and 28 day bending and compression tests for MS, MC2%, and MPC5-10% C2%,
4 × 4 × 16 samples.
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