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Abstract 
 

The aim of the research concentrates on the developing of a new, eco-friendly wood protective systems as 

an alternative to traditional, commonly used preservatives and coatings, containing biocides. Several 

wood preservatives containing traditional biocides are no longer desired on the market, due to the stricter 

toxicological requirements and an increasing ecological awareness of consumers. Therefore, formulating 

a new wood protective systems, based on natural compounds, harmless to humans and the environment, is 

of the principle interest. On the other hand, it will also facilitate a longer period of carbon capture in 

wood, which will limit the greenhouse effect. Life cycle assessment (LCA) performed for the selected 

model formulation is a good example for an attempt to explain the interest. Besides, the implementation 

of novel solutions in wood protection will make it possible to use low quality wood material to 

manufacture high quality products (e.g. construction or cladding materials). In this manner such eco-

friendly wood protection will be a key factor reinforcing climate protection. 

 

New wood protective systems are based on natural substances: quinolizidine and bisquinolizidine 

alkaloids, isolated from the seeds of legumes plants (Fabaceae Lind), i.e. cytisine, lupanine, sparteine and 

their derivatives, Polish and Norwegian propolis and natural oils (linseed, tall, soy and tung oil), as well 

as on bio-friendly chemicals: organosilicone compounds (MTMOS - methyltrimethoxysilane, APTMOS - 

(3-aminopropyl)trimethoxysilane, AATMOS - [3-(2-aminoethylamino)propyl]trimethoxysilane, APTEOS 

- (3-aminopropyl)triethoxysilane, OTEOS - octyltrimethoxysilane, VTMOS - vinyltrimethoxysilane), 

imidazoles and nonorganic fire retardant potassium carbonate [2, 3, 4, 5]. They were used for 

impregnation of pine wood samples and subjected to mycological and fire tests.  

 

The antifungal properties of the protective systems against microfungi were analyzed using TLC-

bioautography method in order to determine the effective concentration of preparation for 100% fungi 

growth reduction (LD100). The most effective chemicals were cytisine, spiro cytisine, 6-benzyl citisine 

and caffeine. The caffeine was selected for further study. The Polish and Norwegian propolis were also 

examined to determine their border concentrations. The Polish propolis showed better antifungal 

properties than the Norwegian one and was qualified for further study at the concentration of 20 and 30%. 

Over 15 organosilicones in different solvents (water, white spirit and ethanol) were also examined. The 

aminosilanes exhibited the best antifungal activity [1]. Among tested imidazoles the highest antifungal 

activity was achieved by AK17 (1,10-di(3-hydroxymethylpyridinium) decanedibromide). 



 

   
   

 

 

The biological screening tests of impregnated wood allowed selection of the most effective antifungal 

formulations. Wood samples were impregnated by both soaking and vacuum method. In case of coatings 

two-stage impregnation was used (I stage – vacuum treatment, II stage – coating). Mycological screening 

tests were performed with the use of pine wood samples (Pinus sylvestris L.). A set of compounds and 

their mixtures were tested against Aspergilus niger: caffeine, Polish and Norwegian propolis, 15 

organosilicones, natural oils, alkaloids and imidazoles as well as their derivatives. Potassium carbonate 

was included to the tests in order to improve antifire and antifungal properties of wood protective 

formulations [4]. Overall, more than 110 formulations have been tested against moulds and blue stain and 

presently they are tested against brown rot fungi Coniophora puteana.  

 

Formulations containing organosilicone compounds, natural oils, potassium carbonate (PC), potassium 

carbonate + urea (PCU) and a set of their mixtures in different solvents were tested by MFT (Mini Fire 

Tube) and MLC (Mass Loss Calorimeter) method to determine the flammable properties and choose the 

best fire retardants for further study. The best results were obtained for the formulations containing PC 

and aminosilanes. 
 

The elemental analysis of imidazole, benzimidazole and their derivatives were performed as well as a set 

of formulations containing silanes and/or natural oils in different solvents (water, white spirit, ethanol). 

The analysis of the percentage content of N, C, H and O in wood protective systems were performed. CO2 

ratio and heat of combustion (N.H.V) were calculated based on the percentage content of carbon and 

oxygen in the samples. 
 

The so far results show that aminosilanes and mixtures thereof with natural oils are potential wood 

preservatives against microfungi and wood destroying fungi. Formulations containing aminosilanes, 

natural oils and potassium carbonate are potential wood fire retardants. The effectiveness of above listed 

systems strongly depends on a method of its application. The results of IR analysis present evidence of 

interactions between compounds of the model formulations and wood chemical components. 

 

The vast spectrum of an application properties of the treated wood will be measured in the next stages of 

the project [2]. The extension of life for wood products due to appropriate wood protection should 

encourage industry to the wider practical application of this natural material.  
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