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ABSTRACT. The article focuses on the effects of additives increasing biological resistance of gypsum
against degradation of the material. In this study we use silver nitrate, calcium oxide and copper
sulphate as an additive that improves biological resistance of gypsum composites. The amount of
addition was calculated so that the amount of ions was 0.1, 0.3 and 0.5 wt. %. Microbial degradation
was determined as the degree of resistance of materials to the occurrence of bacteria and molds by
optical and electron microscope. The results obtained from these samples were compared with refer-
ences materials created in the laboratory and available on today’s market. The results show a positive
effect of silver and copper ions on the bioresistance of gypsum.
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1. INTRODUCTION

Gypsum is a widely used material in construction,
especially for the production of gypsum plaster, wall-
board, gypsum blocks [1]. Gypsum is one of the
longest used binders, it was already known in Egypt
or Assyria. It has been used in Europe since the early
Middle Ages [2]. Gypsum composites are more en-
vironmentally friendly and production is faster than
cement composites. Mainly due to lower greenhouse
gas emissions and sustainability [3]. Gypsum is pro-
duced by thermal decomposition of CaSO, - 2H50
in a so-called boiling process at 130 — 150 °C [4]. The
material for the production of gypsum can be natu-
ral or also waste after flue gas desulphurisation from
thermal power plants (industry gypsum).

The use of gypsum composites in construction is
significantly limited because they have low resistance
to damage of moisture. The moisture content of the
material adversely affects the formation of bacteria,
molds and the multiplication of other microorgan-
isms [5]. Molds are microorganisms that commonly
occur on the inner and outer surfaces of building ma-
terials and can cause sick building syndrome, which
limits or completely restrict the use of the build-
ing [6]. For this reason, it is very important to create
biological resistance materials that resist the forma-
tion of mold on their surface and inside the material.

One of the ways to increase the biological resistance
of gypsum is to prevent the access of water or mois-
ture. Without the presence of water, mold and bacte-
ria colonies cannot form. Reduced water absorption
is achieved by the use of hydrophobic additives such
as waxes [7], saponifiers [8] and emulsifiers [9]. This
method of protecting gypsum is very effective, but
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prevents possible future recycling of gypsum. Dur-
ing recycling, the hydrophobicizing additive cannot
be separated from the gypsum and thus the calcined
gypsum can no longer be mixed properly with the wa-
ter and thus prevents it from solidifying properly [10].
Another option is to create an environment that does
not allow the growth of molds and bacteria. For
example, it is a very alkaline environment that re-
stricts the growth of bacteria and molds [11]. The
last possibility to improve the biological resistance of
gypsum composites is by adding antibacterial compo-
nents (such as silver [12], titanium dioxide [13], cop-
per [14]).

This article deals with the direct use of silver
and copper ions as additives that increase biologi-
cal resistance. When penicillin was discovered, silver
and other biocidal materials were almost abandoned.
But today, with the emergence of antibiotic-resistant
strains, it has gained new interest [15]. Silver has
been reported in several studies [16, 17] as an effective
bactericidal antibacterial agent. Gypsum composite
with antibacterial components is also being developed
and investigated [5], but some of its properties are
still unknown. In an experimental study, the effect of
silver ions on the mechanical properties of the gypsum
composite was investigated and it was found that:
the introduction of silver ions results in a less com-
pact structure of hardened gypsum samples, leading
to a 20% deterioration in flexural strength [18]. Work
dealing with other additives is completely missing.

2. MATERIALS AND SAMPLES

In our study of gypsum biodegradation, three ref-
erence materials were used: Ref 1 was labora-
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Set Gypsum [g] Admixtures =~ Water [g] Ions and their content

Ref 1 500 - 320 -

Ag 0.1 500 AgNO; 133 ¢ 320 Ag 0.1 wt. %
Ag 0.3 500 AgNOs3 -4.02 g 320 Ag - 03 wt. %
Ag 0.5 500 AgNO; — 6.69 g 320 Ag - 0.5 wt. %
Ca 0.1 500 CaO-1.19¢ 320 Ca-0.1wt. %
Ca 0.3 500 CaO - 3.57 g 320 Ca - 0.3 wt. %
Ca 0.5 500 CaO -594 ¢ 320 Ca— 0.5 wt. %
Cu0.1 500 CuSO4 —2.14 g 320 Cu-0.1wt. %
Cu0.3 500 CuSO4 —6.41 g 320 Cu—-03wt. %
Cu 0.5 500 CuSO4 — 10.68 g 320 Cu-0.5wt. %

TABLE 1. Composition of tested sets.

FIGURE 1. Image from electron microscope, BSE de-
tector, magnified 400x.

tory produced according to Table 1, Ref 2 is
made of gypsum slurry for plasterboards (marked
H2) designation with reduced water absorption and
thus higher bioresistance, according to the standard
CSN EN 520 + A1 [19] and Ref 3 is made of gypsum
slurry for plasterboards marked A (common use), ac-
cording to standard CSN EN 520 + A1 [19]. Ref. 2
and 3 were used to compare with current materials
on today’s market.

The resistance to biodegradation of the laboratory
mixture was increased by ions of silver, calcium and
copper. Silver ions were obtained from the addition
of silver nitrate (AgNO3), calcium ions from calcium
oxide (CaQ) and copper ions from copper sulphate
(CuS0y4). The amount of addition was calculated so
that the amount of ions was 0.1, 0.3 and 0.5 wt. %
(Table 1). Silver and copper ions were chosen be-
cause of their biocidal properties and calcium due
to increased alkalinity of the environment which pre-
vents the growth of molds and bacteria. Five samples
were made from each set according to Table 1. The
samples were stored for 9 days in a laboratory en-
vironment at temperature 22 + 3 °C and relative
humidity 50 + 5 %. Subsequently, the samples were
tested.

FIGURE 2. Sample placed on agar in petri dish after
41 days.

In all cases, gypsum from the Knauf Praha com-
pany was used, originating from the industry gyp-
sum of the Pocerady power plant. Figure 1 show the
typical character of gypsum grains, which are com-
posed of only one phase and have an elongated, one-
sided oriented shape. The results of the EDS analysis
show that the gypsum grain is composed of calcium
19 wt. %, sulfur 17 wt. % and oxygen 64 wt. %. When
converted to atomic percent and using stoichiometry,
it can be stated that it is pure gypsum.

3. EXPERIMENTAL METHODS

Microbial degradation was performed according to
the standard ISO EN 846 [20], which determines the
degree of resistance of materials to the occurrence
of molds or determines their resistance to biodegra-
dation. The produced samples had a size of 1 x
1 x 1 cm. Sterilization was performed using UV
radiation, which damaged microorganisms from the
surface while maintaining the material and chemi-
cal parameters of individual samples. Other types
of possible sterilization, apart from radioactivity, de-
grade the original properties of the materials and were
therefore not used. Samples were inoculated with a
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FIGURE 4. Optical microscope images of tested materials. magnified 120x.

consortium of molds and then plated on agar (Cza-
pek Dox) at 25 + 3 °C and monitored for 41 days
(Fig. 2). The consortium of molds contained microor-
ganisms from the Czech Collection of Microorgan-
isms: Paecilomyces variotti, Chaetomyum globosum,
Penicilliuvm funiculosum, Aspergillus terreus, Penicil-
lium brevicompactum. The resistance of the materials
was evaluated visually and monitored by optical mi-
croscope.

Optical microscopy was performed using a zoom
microscope with 3D imaging capabilities. This is a
device from ZEISS Axio Zoom.V16. Clusters of ad-
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ditive ions were discovered during optical microscopy.
For this reason, optical microscopy has been supple-
mented by electron microscopy. A scanning electron
microscope with a Schottky cathode FEG SEM Mer-
lin ZEISS was used for electron microscopy, which
is located in the Laboratory of Electron Microscopy
and Micro-analysis at the University Center for En-
ergy Efficient Buildings in Bustéhrad. Quantitative
and qualitative analysis of the chemical composi-
tion of the samples was performed by X-ray micro-
analysis directly with an energy dispersive spectrome-
ter (EDS) from Oxford Instruments. During the anal-
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FIGURE 5. Image from electron microscope, BSE detector, magnified 200x with EDS element maps (yellow — silver,

white — calcium and blue — copper).

ysis, the microscope settings were as follows: acceler-
ating voltage 20kV, current 2nA, resolution 1024 px,
work distance 8.5 mm and acquisition time 60 s. Due
to the higher electric current required for elemental
analysis, 3nm of platinum were sputtering on surface
of samples.

4. RESULTS AND DISCUSSION

Figure 3 shows a comparison of reference materials.
The Ref. 3 sample had almost the entire sides cov-
ered, and mold colonies were already present on the
surface on day 22. The coverage rate did not change
much at the end of the experiment, but the molds
began to fructify. Samples Ref. 1 and 2 had similar
results and were generally resistant to the occurrence
of molds, after 41 days only isolated colonies of molds
were visible on the surface, the sides of the samples
were only partially covered, approximately 40 %. The
laboratory mixture Ref. 1 achieved the same results
as gypsum slurry with lower water absorption (Ref. 2)
due to the fact that it did not contain paper pulp and
other materials contained in gypsum slurry for plas-
terboards which reduces bio-resistance.

In the case of added ions, all variants were highly
resistant to biodegradation. For this reason, optical
microscopy was performed. Figure 4 shows the sur-
faces of the tested materials by optical microscope.
The results show a positive effect of copper and sil-
ver, where after 41 days no microorganisms formed
on the surface of the materials. In the case of cal-
cium ions, a mold colony can be found on the surface
of all materials tested. Silver and copper ions 100%

increase the bioresistance of gypsum even in the low-
est tested amount of ions. In addition, it can be seen
that with a higher concentration of copper ions, clus-
ters occur.

The individual ion clusters can be seen in Figure 5
from electron microscopy. The images were taken us-
ing a BSE detector and show the phase contrast. In
addition, the left part of the images is supplemented
by an element map, where elements were selected for
individual ions. Silver is shown in yellow, calcium
in white and copper in blue. The results show that
higher concentrations (0.5 wt. %) of silver and cop-
per ions form clusters. In the case of a concentration
of 0.1 wt. %, the ions are homogeneously distributed
throughout the structure. Individual CaO grains can
be seen in the calcium sample (Ca 0.1 and Ca 0.5).

The results of the influence of silver and copper ions
are in agreement with other authors who have used
applications for other building materials such as lime
and lime-cement plasters [21]. The formation of clus-
ters explains the decreasing mechanical properties of
gypsum with a high content of silver ions, which are
described by other authors [18].

5. CONCLUSIONS

This work was focused on the influence of different
type of admixtures on biological resistance of gypsum.
The researched samples were composed of gypsum
from Knauf Praha (Pocerady) and various types of
biocidal material. Silver, calcium and copper ions in
three different concentrations (0.1, 0.3 and 0.5 wt. %)

79



7. Prosek, H. Sekavova, P. Ryparova

ActA POoLYTECHNICA CTU PROCEEDINGS

were used as biocidal material. Based on the results,
it can be concluded that:

e The addition of silver, calcium and copper ions has
increased the resistance to gypsum biodegradation
and the materials are comparable to those on the
market today.

e Higher ion concentration (0.5 wt. %) form clumps
and inhomogeneity of materials.

e Silver and copper ions were most effective, where
no colony of molds and bacteria formed after 41
days for all ion concentrations.

Future research will focus on finding a minimum
concentration of silver ions in gypsum that will be re-
sistant to biodegradation. Next research will not deal
with calcium ions, due to lower efficiency and copper
ions, due to toxicity and current legislation [22].
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