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Abstract: In laboratory conditions, the frost resistance of hollow ceramic samples (constructive elements of ceramic beehives) was examined
by applying a standardized methodology for assessing the reliability of ceramic products. For both sample types that were investigated (each
with different phase compositions), the result for the frost resistance coefficient Ky, is above 84%. The products retain their structural
integrity and high resistance in an extreme temperature environment. It was not observed any significant damage that could disrupt their
functionality. The obtained results prove the assumptions that the ceramic beehives are appropriate for use in vast geographical regions
characterized by critical temperatures and high diurnal and seasonal temperature amplitudes. At the same time, the experimental data can
serve for further optimization of the recipe compositions, the technological regime, and for improvements of the construction characteristics

of the ceramic elements that build the ceramic beehive.
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1. Introduction

There are various natural, anthropogenic, and complex factors
causing moderately negative to fatal effects on the normal
development and survival of bee families [1-3]: diseases typical for
the brood and the adult bees; impact of natural enemies of the honey
bee (mainly various insects, birds and others); environmental
pollution from growing industrial activity; increasing use of toxic
insecticides for plant protection in the agricultural sector; intensive
noise pollution (transport traffic, industrial production, construction,
and others); annual fires with extensive localization, global climate
changes and many other.

Bee farms nowadays are widely using several basic systems of
beehives [4] made of different materials (wood, polystyrene, and
others).

Due to its suitable workability, wide availability, natural origin
and environmental friendliness, wood is a predominant and
relatively cost-effective raw material for the production of beehives
[2]. The use of wood as the main construction material allows the
use of various technological methods of processing, accurate
implementation of the designed construction options, and
preparation of a wide assortment of products [4]. Spruce, pine, fir,
pine, linden and others are used in the production of various beehive
systems [2, 4]. The existing experience in the practice shaped the
the opinion that coniferous resinous trees are better raw materials
for beehives as they can provide higher resistance to the impact of
destructive cyclic weather factors (mainly during the winter
season).

At the same time, in the course of active exploitation of the
widely spread standard wooden beehives, it is observed a critical
disadvantage [4] - the relatively low resistance under dynamic
extreme climate conditions.

To effectively overcome some of the existing main problems in
the beekeeping sector, an innovative beehive was created. Its
construction consists of hollow ceramic elements that form air
chambers providing thermal insulation of the hive. [5].

For materials with a porous structure (such as many types of
ceramics), frost resistance is a key factor in their durability. The
moisture that has penetrated the material's pores freezes at low
temperatures, which leads to the expansion of water and,
accordingly, to an increase in the internal tension in the pores.
Repeated freezing and thawing causes: microcracks, widening of
existing cracks, reduction of mechanical strength, damage to the
surface layer, and other damages.

The frost resistance of the material depends on its porosity,
capillary structure, absorption properties, and strength. Various tests
and analyses determine how well a material can retain its properties
and structure under continuous exposure to freeze-thaw cycles.

The study of frost resistance of hollow ceramic structural
elements composed of anorthite (CaAl, Si, Og ) — marl clay and
washed kaolin (Al O; -2Si0O, -2H, O) is of key importance for
creating resistant and long-lasting materials suitable for use in

beehives. Ceramic elements created on the basis of these minerals
combine good mechanical strength and a specific microstructure
with porosity that supports their thermal insulation properties.
Despite these advantages, the porous structure is still vulnerable to
climate influences, such as freezing and thawing, which can lead to
the accumulation of water deposits in the hollow of the material.
Over time, this process causes micro-level expansion and
contraction, leading to microcracks and structural deterioration of
the material.

The present work aims to study the degree of resistance of
ceramic structural elements (for the production of ceramic hives) to
freezing and thawing cycles and to analyze their impact on the
microstructure and the strength of the elements. The obtained
results are intended to be used for improvements of the material so
that it provides reliable protection and comfort for bee colonies and
their owners.

2. Experimental procedures

For the purpose of the study and the examination of the frost
resistance of hollow ceramic elements were used the following
methods:

2.1. Preparation of the samples:

— There were prepared two types of samples and from each type
were prepared 5 elements. The types are respectively: from a
mixture of marl clays - anorthite (CaAl, Si, Og ), with dimensions
of 162 mm x 75 mm x 25 mm with a cavity of 66%; and from a
mixture of washed kaolin (Al, O3 -2SiO, -2H,0) with dimensions
of 310 mm x 156 mm x 25 mm with a cavity of 66%.

— The samples were produced according to a previously established
technology for the production of elements for hives by slip casting.

2.2. Initial measurement and analysis:

—Marl clay samples - anorthite (CaAl, Si, Og ), size 162mm x
75mm x 25mm with a cavity of 17mm or 66% cavity;

— Washed kaolin samples (Al O3 -2SiO, -2H,0) measuring 310
mm x 156 mm x 25 mm with a cavity of 17 mm or 66 % cavity;

To register results for changes in the pores and possible
microcracks, we performed an initial microstructural analysis of the
samples (fig. 1,2, and 3). For this, we used a scanning electrical
digital microscope, Wireless Microscope HiView, version 1.4, 2000
¢ USB 1600x, Windows 2000/2003/XP/Vista/7, Linux.

The main physical properties of the samples were determined at
the beginning of the study, as follows:

— Compressive strength - 2550 kg/cm? washed kaolin; compressive
strength of marl clay (anorthite) — 2250 kg/cm?;

—Moisture absorption — of the washed kaolin sample — 2,65%;
moisture absorption of the marl clay (anorthite) sample — 3,4%.
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2.3. Exposure to freeze-thaw cycles [6]:

The samples are exposed to frost-thaw cycles according to the
following procedure:

— The samples are dried in a dryer at 105+5°C to a constant mass
and after that their weight is measured. They are cooled to an
ambient temperature of 25°C and the mass is measured again. [Md]
— After that, the samples are immersed in a tank of tap water at
room temperature and the water is heated in the vessel to 80°C+3°C
for 2 hours. At cool saturation, water enters only the fully open
pores, while at 80°C water temperature, it is assumed that it enters
the semi-closed pores.

— The water-saturated samples are weighed with an electronic scale
with accuracy =1 gram and the results are recorded [Mw]. Then the
samples are left to air for 20 minutes and weighed again [Ms]

— They are placed in a freezer chamber at temperature of
-18°C+3°C. Each freezing cycle is at least 5 hours, counted from
the moment of reaching the set temperature - 15°C.

— Follows a rapid thawing by blowing warm air at temperature of
105°C+5°C for 20 minutes and subsequently leaving at room
temperature 25°C for 20 minutes.

— Each subsequent cycle starts by pouring over with tap water for
minimum 2 minutes, weighing them immediately and after resting
for 20 minutes. After that they are placed in the freezing chamber
for the next freezing.

The first freezing period lasts 6 hours, each subsequent freezing
period must last minimum 5 hours in the chamber after reaching the
set temperature. A cycle of defrosting and subsequent
humidification follows. This freeze-thaw cycle is repeated 51 times.

3. Results and Discussion

3.1. Monitoring of the microstructural changes:

— We are monitoring for cracks on the sample surface.

— Using a scanning microscope, we scan the surface of the samples
for cracks and capillaries after cycles 35 and 50.

— After cycle 35 and cycle 50 for all the anorthite samples
(CaAl; Si, Og ), there is no change in dimensions, nor capillary
cracks  (fig.1). For the samples of washed kaolin
(Al, O3 -2SiO, ‘2H,0) there is no change in dimensions. After
cycle 50, on one of the parts of a kaolin sample is identified a crack
of 1 mm — 2 mm (fig.3) with a length of about 50 mm. The crack is
observed in the funnel area. After cycle 50 capillaries are noticed on
the surface layer of the same sample (fig.3). For the rest of the
samples are not observed any defects or cracks (fig. 2).
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Fig. 2 The surface of a washed kaolin sample at the be
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Figure 3 Surface capillaries and a crack on one of
the washed kaolin samples
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3.2. Measurement of physicomechanical properties after
freezing and thawing cycles:

After the 35th and the 50th cycles, the key physico-mechanical
parameters are measured again: sample sizes, and compressive
strength. The results of these measurements are presented in tables
1 and 2 respectively for marl clay and washed kaolin.

Table 1. Marl clay samples.

Ne Marl rock sample dimensions © 5 % % =& Drzngqts(/e
of 25E | 88 | P
cye 3 § ;:E E_ = E’ capiﬁ];ries
i i S o =
le anorthite (CaAl, Si, Og ), = § ] and cracks
1 162 mm x 75 mm x 17mm 3,40 2250 No
35 | 162 mmx 75 mm x 17mm 3,35 2200 No
51 162 mm x 75mm x 17 mm 2,22 2150 No
Table 2. Washed kaolin samples.
o Dimensions of the washed kaolin c o Defects/
Ne v g © = 2
of sample 520 2 5 presence
2228 £c8 of
cyc °2%FT | g&® iari
. S a0 Eg=x capillaries
le (Al, O3 -2Si0, -2H,0) ® O 8 and cracks
1 310 mm x 156 mm x 25 mm 2,65 2550 HE
35 | 310 mmx 156 mm x 25 mm 2,00 2450 HE
51 | 310 mm x 156 mm x 25 mm 0,68 2400 HE

The results we obtained show that after 50 frost-thaw cycles of
the samples, a crack with the size of 1 mm is observed on the
surface of only one of them. This defect is located in the area of the
technological holes, which are the result of the casting process. This
is probably one of the weakest areas of the element, where the
tension concentration is higher and the structural resistance is lower.

We observe that the compressive strength decreases both for the
samples from kaolin (5,88%) and marl clay (4,44%).

The experimental method we have applied allows us to get a
holistic and comprehensive view of the effect of freezing and
thawing cycles on the structural and mechanical resistance of
hollow ceramic elements composed of marl clay and glass ceramics.

The focus of the analysis is the change of the weitght of the
samples when they are watered, dried, frozen, and defrost. All
measurements are included in a table. Based on the obtained results
we present the following graphs: Graph 1 Shows the mass of the
marl clay samples after drying, after soaking in water, and after
freezing. Graph 2 contains the same information but for the kaolin
samples. Graph 3 displays the information about the water
absorption of the two types of samples over the 50 cycles.

Weight [gr]

1357 9111315171921232527293133353739414345474951

Number of cycles

=0==ass of the sample after drying at 105 °C £5 °C [gr]

Mass of the sample after soaking in water at 80°C+3 °C, weighed in air [gr]

== llass of the sample after freezing at -18 °C + 3 °C, weighed in air [gr]

Graph 1. Mass change of marl clay samples
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Graph 2. Mass change of washed kaolin samples
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Graph. 3. Moisture absorption of marl clay and washed kaolin
samples

3.3. Evaluation of frost resistance and analysis of results:

The frost resistance coefficient was calculated for the samples
of marl clay anorthite: K.=84.45% and washed kaolin
Km=84.30%. According to the standard, the coefficient should be
smaller than 85% for a product to be considered frost-resistant. In
the case of our experiment, both sample types can be considered
frost-resistant.

For the samples of washed kaolin we found that the material
shows stability under existing conditions (drying, soaking in water,
and after freezing). Weight changes are minimal, indicating high
resistance to freeze/thaw cycles. The location of the crack is around
the technological openings related to the casting process: The crack
is concentrated around the technological opening, indicating that
this area is more susceptible to microstructural defects in cold due
to the different density of the material in this area. Another reason
may be the accumulation of internal pressure during the casting and
baking of the element. Such pressure becomes a reason for a higher
degree of water absorption by the pores leading to freeze expansion.
Lower water absorption of the kaolin samples is connected to less
pores. During the cycles of watering, water can not be spread
evenly on the surface and while freezing uneven tensions are
created. This is the reason why for these samples we observe
capillary structural changes on the surface.

For the samples of marl clay, we observe relatively higher water
absorption and weight change, especially after soaking in water and
freezing. We connect this observation to the higher porosity of the
material which would generally mean it shall be more prone to
defects. We observe that for the course of 50 frost-thaw cycles,
there are no changes of the structure on the surface of the samples,
no cracks, nor capillaries which means that the higher porosity
contributes to an even distribution of inner tensions.

4, Conclusion

Our analysis shows that for both types of examined samples, a
sufficient level of frost resistance is reached. They passed
successfully through 50 frost-thaw cycles without significant
changes which can damage their functionality. This leads us to the
conclusion that the selected casting mixtures (marl clay (anorthite)
and kaolin) have physicomechanical properties that make them
appropriate for use in places with variable or extreme temperature
conditions.
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