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Abstract: An innovative collapsible frame hive was developed, consisting of structural elements made of technical ceramics containing 

thermal insulation air chambers. Experimental prototypes were prepared using the slip casting method and based on modified recipe 

compositions, prepared casting molding masses, original gypsum matrices and optimal heat treatment mode. A comparison was performed 

between the main operational characteristics of the experimental samples and the traditional non-separable hives which have existed 

throughout history and made primarily of various plant materials and natural plastic raw materials (clays). 
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1. Introduction 

Since the early period of human civilization, people have used 

various apian products obtained from bee families naturally 

inhabiting existing hollow tree trunks or artificially cultivated in 

primitive non-separable hives with woven structure [1]. The 

intensive development of beekeeping as an independent industry 

resulted in the invention of a significant number of diverse 

constructions [2-5] of collapsible hives of different sizes. These, 

belong to two main groups (vertical and horizontal) and are usually 

denoted by the names of their inventors. In Bulgaria, several main 

types of hives have gained popularity: Dadant Blatt, Langstroth-

Ruth, Roger Delon, Farrar, Lounger, among others. Depending on 

their volume and the possibilities for its modification, hives are 

classified as single-body, double-body and multi-body (for 

example, pavilion type and others). In general terms, different types 

of hives share a number of basic and additional elements: body, 

bottom, roof (lid), partitions, frames, super, feeder, Haneman’s grid, 

Snelgrove board, bee escape, nucleus, etc. Currently, widely used in 

bee farms are various types [2,3] of wooden, plastic, polystyrene, 

polyurethane and traditional wicker hives. As a popular 

construction material with satisfactory characteristics, wood has 

also retained its importance, due to being a natural, affordable and 

ecological raw material, allowing for various types of processing 

and for the implementation of various technical solutions. 

Furthermore, the use of wooden hives over a long period of time 

has yielded a significant amount of empirical and systematic 

scientific [2,3] data on the development of bee colonies in them, 

which allows for the application of existing experience to optimize 

the yield of bee farms. As far as the various types of modern 

standard hives (for example, plastic, etc.) are concerned, one 

significant disadvantage in their exploitation is their low fire 

resistance and the inevitable aging of the materials, accompanied by 

a decrease in the mechanical characteristics of the products and in 

some cases by the release of various substances with an adverse and 

potentially toxic effect [6] on the bee colonies. An additional factor 

accelerating this process is the daily and seasonal impact of various 

atmospheric climatic factors [7,8]. 

 In national terms, the importance of the beekeeping industry [2] 

is based on its contribution to the economy, the application of apian 

products in the food and culinary industries, the production of 

various therapeutic and cosmetic products, as well as the specific 

and unique role [4,5] of bee families as part of the global 

ecosystem. In order to improve the state of the branch, it is 

necessary to implement adequate complex measures which ensure 

the increased efficiency and productivity of bee farms and support 

the long-term opportunities and security of the producers. 

The aim of the present work is a comparison of the main 

technical characteristics of the prepared prototypes [9-13] of an 

innovative ceramic collapsible movable frame hive (fig. 1-3) with 

thermal insulation air chambers and the existing traditional non-

separable and other types of hives. 

 

 

2. Experimental procedures 
 

On the basis of conducted studies, a conceptual model and 

construction documentation of an experimental collapsible movable 

frame hive consisting of ceramic structural elements containing 

thermal insulation air chambers have been made. A set of original 

gypsum matrices has been designed and produced in accordance 

with the specifics and technological parameters of the casting slips 

intended for use.     

The preliminary experiments using some of the commercially 

available standard casting slips showed that that they are not 

completely suitable for the implementation of the set goals and do 

not allow for the optimal implementation of the innovative features 

of the development. After additional laboratory research, modified 

polycomponent recipe formulations were developed based on 

sedimentary rocks, washed kaolin, different fractions of quartz 

glass, modifiers, ceramic pigments (if necessary), technological 

additives, as well as others components applicable to the 

preparation of aqueous colloidal dispersion systems.     

The prepared casting slips (white or colored) are introduced into 

assembled gypsum matrices and after a short stay (up to 10 

minutes) the excess liquid phase is removed from the matrices 

through special holes. After resting (from 2 to 3 hours) the obtained 

blanks are released from the matrices by disassembling the latter. 

The prepared semi-finished products are then dried (free drying for 

up to 5 days and in a dryer at 100oC for 24 h until the residual 

moisture is reduced to 7-8%), following which they are subjected to 

high-temperature heat treatment (in an oxidizing environment and 

in a homogeneous temperature using a chamber furnace with a 

program regulator) at a set temperature rise rate of 5oC/min and 

isothermal retentions at 200oC (for 40 min), 600oC (for 30 min), 

800oC (for 30 min) and 1200±5oC (for 150 min). The cooling rate is 

also 5oC/min with an isothermal retention at 600oC for 40 min. 
 

 
 

Fig. 1. Experimental prototype. 
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In accordance with their intended function, massive and hollow 

three-layer structural elements (plates and profiles) were obtained, 

formed by two massive end layers and a separate intermediate 

hollow chamber which performs the function of an air thermal 

insulation layer. The presence of a high void percentage (over 60%) 

in the obtained constructive ceramic details determines a low 

coefficient of thermal conductivity and provides protection from 

adverse climatic conditions (during the individual seasons) and a 

favorable microclimate for the normal life cycle of the bee colonies. 

In order to improve the possibilities for  maintaining a suitable 

hygienic environment, for carrying out more effective disinfection 

and improving the complex operational and aesthetic characteristics 

of the beehives, a further technological approach  can be applied  

such as adding glaze coatings (transparent or covering) on some of 

the surfaces of the structural ceramic elements. This will require a 

partial amendment in the technological regime. 

 

3. Results and Discussion 
 

In the course of the information campaign carried out to present 

the development to some non-professional circles, including 

“experts” (financed by certain organizations), there arose the 

unfounded opinion that the primitive non-separable wicker hives 

(with woven structure) existing from early historical periods are 

identical with the designed innovative ceramic collapsible hives. 

The main but inappropriate argument put forward by the 

proponents’ of this opinion was that there is a „similarity” between 

the use of „natural clays” for the preparation of hives with an 

archaic construction and the application of plastic clays as a 

traditional raw material in the production of ceramic products, on 

the basis of which the innovative contribution of the development 

was disputed. However, this formal comparison ignores the fact that 

the use of so-called “natural” clays (with completely unknown 

compositions and obtained from random, easily accessible deposits) 

for primitive hives does not involve high-temperature heat treatment 

as a main technological process. The non-separable primitive hives 

referred to in the comparison are archaic composite products, made 

from air-dried untreated natural plastic clays and a reinforcing 

phase of organic flammable and combustible materials. Depending 

on the historical period [1], the locally available raw materials, the 

traditions of the specific region and the capabilities of the 

manufacturers, the so-called wicker hives  have existed in different 

variations but are generally characterized by their conical shape, 

different volume and height (up to about 70 cm), a woven structure 

of plant origin materials (vine, willow, hazel, rush, etc.) with 

externally applied coatings of plastic materials, made of  directly 

obtained clay, wood ash and cattle dung. An additional external 

structural element is the presence of a so-called “hat” made of straw 

or fern. 

The main advantages of this type of hives include their easy 

preparation from available and natural ecological materials [1-3] by 

applying basic skills without the need for highly qualified 

personnel, specialized equipment, and costs for energy carriers and 

special care for the bee colonies. At the same time, the limited 

structural functionality and strength of the natural materials used, as 

well as the low-tech artisan approach applied in the preparation of 

wicker hives determines their limited usability and durability under 

various adverse external factors, as well as their relatively low 

productivity. The immovably fixed honeycombs and the absence of 

separate accommodation necessary for the full development of the 

bee family do not allow for active control of the individual stages of 

the bee colony life cycle, resulting in the relatively low yields and 

the limited purity of the final product. When extracting the finished 

bee product, due to the immovably fixed frames, it is impossible to 

apply centrifugation and there is a significant risk of partial 

destruction of the bee colony. Due to the presence of significant 

amounts of flammable and combustible structural components, 

primitive non-separable hives and bee farms organized on their 

basis have proved unreliable in case of fires, and the presence of 

thermally untreated clays determines their relatively poor resilience 

in prolonged contact with a water environment. 

Currently, in the production of ceramic products, the direct use 

of “pure” natural clays (taken from scientifically unexamined 

deposits) as the single raw material is allowed partially only in the 

field of handicrafts for the preparation of traditional ceramic vessels 

for domestic use, for some types of souvenirs and in the field of 

amateur art ceramics. Such clays are not applied in the silicate 

industry for the synthesis of technical ceramics with special 

operational characteristics intended for responsible purposes. The 

modern industrial production of various ceramic products is based 

on the application of specialized equipment, diverse raw materials 

subjected to standard incoming control, scientifically developed 

multi-component recipe compositions, molding masses with 

optimal technological parameters, highly productive methods for 

the precise molding of blanks, a controlled drying process and high-

temperature thermal treatment of the semi-finished products 

resulting in irreversible monophasic or polyphasic final products 

(silicate and others) which ensure that the final products possess the 

whole complex of the appropriate mechanical and physicochemical 

characteristics. In factory conditions, the necessary heat treatment is 

carried out through a specially developed optimal regime, which 

guarantees the provision, maintenance and controlled change of the 

values of a number of technological parameters: the temperature 

increase and decrease rate, isothermal delays, maximum 

temperature, furnace atmosphere, characteristics of the temperature 

field in the furnace, and many others. 

A basic methodical approach in the preparation of new 

competitive products in various thematic areas [14-29] is the 

implementation of an up-to-date study and complex experimental 

research. 

The innovative contribution of the presented development 

consists in the design of a collapsible movable frame hive entirely 

built of ceramic structural elements [9-13] with the presence of 

thermal insulation air chambers, the development of original recipe 

compositions and an optimal technological mode (potentially 

applicable in factory conditions) for the preparation of the 

experimental prototypes. 

 

 
 

Fig. 2. Experimental prototype. 
 

The use of structural details with air chambers [12] improves 

the insulating properties of the entire structure and lowers the 

transport and operating mass of the hives. During the laboratory 

study [11] of the prepared prototypes with an infrared camera (at 

the presence of an external heat source in the experimental setup), 

the indisputable importance of the air chambers for lowering the 

values of the thermal conductivity of the designed structural 

elements has been proven. At the same time, it is not correct to 

consider and classify as products of standard porous ceramics the 

designed and manufactured ceramic structural elements (panels and 

profiles) which have a significant volume [12] of regularly-shaped 

independent air spaces. 

The slip casting method used here is a standard technological 

approach in the silicate industry, allowing for the preparation of 
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complex details, both for smaller batches and for large production 

series. Envisioned for the developed hive is the use of various raw 

materials tested according to technological control standards and a 

series of multicomponent compositions based on extensive 

preliminary laboratory research rather than the direct use of natural 

clays of unknown composition. The full use of the technological 

possibilities of ceramic manufacturing industry allows for obtaining 

non-flammable, non-combustible, long-lasting, waterproof and 

heat-resistant structural details made of technical ceramics whose 

properties are many times superior to the whole range of 

characteristics typical of all the materials used in the making of the 

standard collapsible hives offered at present on the market and to 

the parameters of the existing traditional non-separable wicker 

hives. 

The developed innovative collapsible ceramic hive provides a 

favorable microclimate [9] and hygienic environment (further 

improved by partial glazing of the structural elements) necessary for 

the normal life cycle of the bee colonies and minimizes the risk of 

the development of mites, fungal cultures (molds, etc.) and other 

potentially dangerous microbiological agents. The suitable structure 

and the functional distribution of the volume are in line with the 

existing modern concepts for obtaining high-quality apian products 

and allow for exercising effective control over the individual stages 

in the development of the bee colony, using of a standard set of 

honeycombs and tools and the application of highly efficient 

modern economic methods for obtaining high yields with no risk to 

the condition and integrity of the bee families. At the same time, if 

the necessity arises to carry out decontamination and to install new 

bee families, it is possible to apply various methods of sanitary 

treatment, including thermal treatment, which is practically 

inapplicable and destructive to all other types of hives (wooden, 

etc.). 

 

 
 

Fig. 3. Experimental prototype. 
 

Based on the presented characteristics, the developed ceramic 

hive is a fully competitive alternative to the existing traditional non-

separable and standard collapsible hives (made of other materials) 

and in the medium term can be considered as a possible main long-

lasting tangible asset for  some bee farms, one which provides  

extended operating periods with minimal depreciation (when 

properly used) and reduced risk of loss of the farm’s equipment in 

the event of a disaster (fire, flood, etc.). In terms of topical 

relevance and significance, the development offers an original 

innovative product with a complex of functional characteristics and 

a big market potential for gaining a position in an independent 

product niche. 

In forming the final aesthetic indicators of the products, the 

main factors are the overall visual impact of the design of the 

assembled structure, the application of different approaches to 

external surface decoration or the use of colored casting slips, 

allowing for obtaining structural details with homogeneous long-

lasting color characteristics throughout the whole volume of the 

ceramic samples. 

The results obtained in the conducted preliminary orientation 

experiments in which bee colonies were settled in ceramic hives at 

small individually-owned bee farms provide grounds for continuing 

the research. Planned are comparative experiments that include 

systematic tracking of the individual stages in the development of 

bee families and monitoring the temperature, humidity and other 

parameters in the developed ceramic and in purchased standard 

hives (wooden, polystyrene and Dadant Blatt system) using an 

electronic recording system. Participating in the experiments will be 

a multidisciplinary team of specialists and university experts in the 

field of beekeeping with scientific research experience. The 

possibility to implement the planned research program depends on 

the availability of financial support and expressed interest from 

private investors, branch organizations, financing funds, etc.  

On the other hand, the technological approach used in the 

preparation of the experimental prototypes is maximally adapted to 

the conditions typical of the silicate industry and, if necessary, can 

be fully applied for deploying a production process within existing 

industrial enterprises where standard equipment and an initial 

investment for retrofitting a separate production area are available. 

 

4. Conclusions 

A conceptual model and experimental prototypes of an 

innovative collapsible movable frame hive made of ceramic 

structural elements (panels and profiles) with thermal insulation air 

chambers have been prepared. The researched experimental samples 

represent an innovative technological product obtained on the basis 

of modified polycomponent recipe compositions, applicable for the 

preparation of appropriate casting molding masses, an original set 

of molding dies and a specially developed optimal heat treatment 

regime, allowing the production of structural details made of 

technical ceramics. 

The developed ceramic hive provides a favorable living 

environment [9] for the development of bee colonies, with a 

minimal risk of development of fungal and other potentially 

dangerous cultures, a long operating period with negligible 

depreciation, high yields of apian products, significant resistance to 

cyclical climate changes, to contact with water environment and 

possible fires and providing the possibility for full sanitary 

treatment. 

In terms of topical relevance and significance, the development 

is an original innovative alternative product with superior complex 

characteristics compared to traditional and standard products of the 

same function present on the market. 

The archaic non-separable hives, which have existed over a 

long historical period, are primitive composite products made by 

artisan methods from thermally untreated natural plastic clays and 

organic materials of plant origin. Due to the non-separable structure 

of this type of hive composed of flammable and combustible 

components and natural clays (subjected only to air drying), it is 

characterized by relatively low yields, relatively low strength in 

prolonged contact with water environment and unreliability in case 

of fire.  
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