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ABSTRACT 

The objective of the paper is the DURAWOOD scientific project carried out within Polish-

Norwegian Research Programme, which lasts from September 2013 till August 2016. The aim of 

the project concentrates on the developing of a new, eco-friendly and biocide-free wood 

protective systems as an alternative to traditional, commonly used preservatives or 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 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), which is planned to perform for the selected 

model formulations, 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. siding or cladding materials). In this 

manner such eco-friendly wood protection will be also a key factor reinforcing climate 

protection. The aim of this paper is to present some selected results gained so far. 

The model wood protecting systems were based on natural (alkaloids, propolis, plant oils) and 

synthetic (organosilicones, imidazoles) components as well as on neutral inorganic chemical - 

potassium carbonate. They were used individually or as a formulation for wood treatment. Wood 

samples made of Scots pine were treated by soaking or vacuum method and were subjected to 

mycological and fire tests. 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. It was also found that the most effective alkaloids were cytisine derivatives and 

caffeine. The highest antifungal activity among tested imidazoles was achieved by AK17 (1,10-

di(3-hydroxymethylpyridinium)decanedibromide). The results of chemical analysis present 

evidence of interactions between compounds of the model formulations and wood chemical 

components. 

Keywords: carbon capture, wood protection, organosilicone compounds, natural oils, potassium 

carbonate, mass loss calorimeter, mini fire tube 
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1. INTRODUCTION 

Climate warming has been an unquestioned phenomenon within the last 50 years and it may be 

explained first of all by anthropogenic factors. Use of wood instead of concrete, steel or plastic 

in the construction industry saves energy and thus reduces emission of CO2 in the production 

process. Extension of life for wood products due to appropriate wood protection will facilitate a 

longer period of carbon capture in wood, i.e. an increase in the pool of bound carbon and a 

reduction of CO2 emission. This will limit the greenhouse effect and as a consequence stop the 

acceleration of climate change. The better protected (preserved) wood is, the longer the period 

carbon is captured in the wood. Moreover, implementation of novel solutions and wood 

protection technologies planned within this project will make it possible to use low quality wood 

material to manufacture high quality products, like construction or cladding materials. In this 

manner such eco-friendly wood protection will be a key factor reinforcing climate protection. 

Manufacture of wood products and in this category also ecological wood protection need to be 

focused on. Wood as a natural polymer and an organic and renewable raw material, due to its 

specific properties (e.g. high strength, elasticity, unparalleled aesthetic value), is applied in many 

sectors of the society. However, the basic problem crucial from the economic point of view, 

observed during the use of wood in numerous types of applications, particularly in broadly 

understood construction industry, is its susceptibility to the destructive action of biotic and 

abiotic factors. Wood degradation under the influence of abiotic factors is a major cause for both 

the limitation of applicability and reduction of lifespan for wood products. Variable weather 

conditions lead to a deterioration of the dimensional stability of wood. It results in cracks on its 

surface and promotes development of wood degrading organisms. Stricter toxicological 

requirements and an increasing ecological awareness of consumers have contributed to decisions 

to cease production of traditional wood preservatives containing harmful agents. It is also 

essential that in view of high registration costs of biocidal products, compounds which are not 

active substances are gaining in importance.  

The main overall objective of the project (“Superior bio-friendly systems for enhanced wood 

durability”) is concentrating on the development of eco-friendly systems for wood treatment as 

alternative to conventional wood preservatives and coatings. Wood treatment with bio-

preservatives containing none-biocide, eco-friendly ingredients (organosilicones, alkaloids, 

imidazoles, oils, propolis) is a well mastered alternative method for wood protection (Budija et 

al. 2008). The interest of this multicomponent system is to allow wood coating as well as wood 

treatment in a single step process. There is a need to work with such systems in order to adapt 

the performance of the treated wood (durability towards wood destroying organisms, 

fireproofing, etc.) to its end use. Moreover, due to its alternative process, the up-grading and use 

of local timber in new end-uses become possible and remain also one of the main objectives of 

this project. 

Most wood defects result from its hydrophilic character, thus organosilicone compounds 

comprise an important group not only due to their low toxicity, but also the exceptional 

hydrophobic properties (Donath et al. 2006). Effectiveness of organosilicone compounds is 

varied, since it depends on many factors, e.g. the applied treatment method, type and amount of 

silane as well as the presence of other adjuvants (Ratajczak et al. 2012, Hochmańska et al. 

2014). In view of the above mentioned arguments it was decided to undertake research aiming at 

the assessment of properties of biocide-free wood protection treatment systems modified with 

the selected chemicals. 

 

The scope of the research includes the following Work Packages: 

- WP1 – Development of wood protective systems,  

- WP2 – The characteristics of wood protective systems,  

- WP3 – Performance of wood protective systems.  
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The following abbreviations are used in this paper:  

- For methods: TM – treatment method; L – leached samples; V – vacuum treatment; S – 

soaking treatment; MFT – Mini Fire Tube; MLC - Mass Loss Calorimeter; TLC – Thin Layer 

Chromatography; AAS – Atomic Absorption Spectrometry; FTIR – Fourier Transform Infrared 

Spectroscopy; NMR - Nuclear Magnetic Resonance; CHN – elemental analysis; LCA - life cycle 

assessment. 

- For chemicals: MTMOS – methyltrimethoxysilane; APTMOS – (3-

aminopropyl)trimethoxysilane; AATMOS – [3-(2-aminoethylamino)propyl]trimethoxysilane; 

APTEOS – (3-aminopropyl)triethoxysilane; OTEOS – octyltrimethoxysilane; VTMOS – 

vinyltrimethoxysilane; PC – potassium carbonate; PCU – potassium carbonate and urea; AK17 – 

1,10-di(3-hydroxymethylpyridinium) decanedibromide; TO – tung oil; LO – linseed oil; SO – 

soy oil. 

- For chemical medium: WB – water-based; SB – solvent-born; Et-OH – ethanol-based. 

 

 

  

2. MATERIALS AND METHODS 
 

The development of wood protective systems  

 

2.1 Alkaloids  

Quinolizidine and bisquinolizidine alkaloids were isolated from the seeds of legumes plants 

(Fabaceae Lind). Quinolizidine alkaloids, i.e. cytisine and lupanine, selected for the model 

studies, were obtained by extraction from the seeds of laburnum (Laburnum anagyroides Medik) 

and from the seeds of lupine (Lupinus albus L. and Lupinus angustyfolius L.), respectively. The 

isolated alkaloids were chemically modified to obtain the N-alkyl derivatives of cytisine using a 

respective alkyl halide. N-acyl and N-benzyl halide derivatives of cytisine were also obtained 

through the method individually designed for this project (Przybył et al. 2014). 

Sparteine derivatives were extracted from the seeds of Lupinus albus. The major alkaloid as 13-

hydroxylupanine (3.5%) and the minor quinolizidine ones as multiflorine (2%) and seco-

multiflorine (0.4%) were isolated. Additionally, on the way of chiral resolution, the racemic 

lupanine and sparteine to the optically pure (+) and (-)-isomers were separated. Moreover, the 

ability of cytisine to the coordination with some chemical elements was tested. From the seeds of 

Lupinus albus sparteine derivatives were extracted and the major alkaloid as lupanine (92%) was 

isolated. 

The isolated alkaloids were chemically modified to the oxidised as well as sulphured derivatives 

of cytisine and sparteine. Quinolizidine alkaloids were separated and purified using 

chromatography system called Flash chromatography. The structure of the prepared 

quinolizidine and bisquinolizidine alkaloids were determined using mass spectroscopy and 1D 

and 2D NMR (1H NMR, 13C NMR, 1H-1H COSY, 13C-1H COSY; 1H-1H NOESY) 

techniques. The 95 previously prepared compounds were subjected to biological microfungal 

screening tests.  

 

2.2 Propolis  

The extraction and purification methods were developed in order to obtain pure propolis 

preparation, free of waxes and mechanical impurities. To characterise the antifungal components 

of propolis, the analytical chromatographic method was developed. The total content of apigenin, 

kaempferol, pinocembrin and galanin in propolis were determined by the HPLC analysis. A set 

of over 30 different formulations containing propolis in combination with silanes, natural oils, 

alkaloids and imidazoles were prepared. Pine wood as well as pine cellulose were treated with 

propolis extracts in ethanol. FT-IR and NMR analysis were performed in order to determine 

changes in wood structure and the bonding formation between wood and propolis. 
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2.3 Natural oils  

All natural oils selected for the research were sufficiently pure for using as a component of wood 

protection system. The HPLC analysis of linseed, tall, tung and soy oils were performed in order 

to evaluate their purity and to characterise the main components. 

 

2.4 Silanes  

Silanes solubility in different solvents were studied in order to prepare proper formulations based 

on water, ethanol and white spirit. A set of 38 silanes preparations, containing MTMOS, 

APTMOS, AATMOS, APTEOS, OTEOS, VTMOS (also in combination with natural oils and 

other compounds) was examined in order to explain the mechanism of their reactivity with wood 

and its main components (cellulose and lignin), where AAS, FTIR, NMR methods were utilised. 

Silanes preparations were transferred to WP2 for further mycological and flammability tests.  

 

2.5 Imidazoles  

Synthesis of 3-(1-carboxyalkyl)-1-methylimidazolium and 1-methylbenzimidazolium inner salts 

and their hydrobromides in the reaction with ethyl a-bromoalkanates, BrCHRCOOEt (R = H, 

CH3, CH2CH3) were performed. Additional derivatives, containing the elongate alkyl chain, 

dimers of unsubstituted benzimidazole with a propyl linker and with substituents like 

carboxymethyl, carboxyethyl and carboxypropyl compounds with other than an heterocyclic 

imidazole ring, derivatives of pyridine 3-hydroxymethyl as a series of dimers with a linker of 

different alkyl chain length [(CH 2) n = 2-10] were obtained.  

The synthesis of 1-(2-carboxyethyl), 1,3-di(2-carboxyethyl) imidazole and benzimidazole in the 

reaction with acrylic acid were done, as well as 3-imidazol propane acid and 3-benzimidazol 

propane acid and their salts with mineral acids (HX, X=Cl, Br, ClO4 and BF4). Betaines of 1,3-

di-(carboxyethyl)imidazole and 1,3-di-(carboxyethyl)benzimidazole and their salts were 

synthesised. The spectroscopic studies of obtained  derivatives were done and the 

crystallographic structures of some compounds were resolved. 

The pKa values of imidazole and benzimidazole and their derivatives by the potentiometric 

titration of their aqueous solutions with KOH were determined. The changes of pKa values were 

observed according to the kind of substituent in the imidazole ring.  

 

 

2.6 Methods 

 

The reactivity of natural compounds with cellulose,  lignin and wood substance was studied by 

AAS, FT-IR, and NMR methods. 

 

The elemental analysis was carried out in the elemental analyser FLASH 2000 Thermo Scientific 

with the CHNS/O configuration. 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, determined 

according to the following equations: 

- CO2 emission factor determined using Eager Xperience software  CO2 = 
3,67∗ 𝐶𝑐

𝐻𝑎
 *1000 [g/MJ or 

t/TJ], Ha – lower heating value of the fuel [MJ/kg], Ha = N.H.V [kcal/kg] * 0,0041868, 1 kcal - 

0,0041868 MJ, 

- CO2 emission factor in calculation on m
3
     CO2 = 

CO2 [
g

MJ
]∗ d∗ 𝐻𝑎

1000
 [kg/m

3
] (Pine density taken as 

the standard value d = 450 kg/m
3
). 

The antifungal properties of the model protective systems against microfungi were analysed 

using TLC-bioautography method in order to determine the effective concentration for 100% 

fungi growth reduction (LD100). 
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Overall, more than 110 formulations as a model protection compositions were used for sapwood 

of the Scots pine (Pinus sylvestris L.) samples treatment. Wood samples were subjected to 

mycological screening tests (modified ASTM D 5590-94 and EN113) against Aspergilus niger 

and brown rot fungi Coniophora puteana. Flammability of treated wood samples was measured 

with the use of MFT and MLC methods (Grześkowiak 2012). 

 

3. RESULTS  

 

The characteristics of wood protective systems . 

 

The reactivity of silanes, natural oils and mixtures thereof with cellulose, cellobiose, lignin and 

wood substance were studied by AAS, FT-IR, and NMR methods. The results of IR analysis 

show, that there are interactions between chemical compounds and wood/cellulose in case of the 

SB formulation containing APTMOS+LO/TO. However, the results of AAS and FT-IR analysis 

did not confirm the thesis about the silanes reactivity with wood. The obtained results are 

currently analysed and need careful interpretation with regards to appropriate spectra libraries.  

 

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

as of a set of formulations containing silanes and/or natural oils in different solvents (water, 

white spirit, ethanol). Some results of elemental analysis of wood protective systems are shown 

in Table 1, 2 and 3. 

 
Table. 1. The content of N, C, H, O elements in wood samples

1) 

Element [%] N C H O sum 

Control 

UL
2)

 0 47,25 ± 0,02 6,31 ± 0,19 43,96 ± 0,56 97,52 

L
3)

 0 45,94 ± 0,16 5,94 ± 0,04 43,20 ± 0,31 95,08 

APTMOS+TO 

UL 2,14 ± 0,08 55,59 ± 0,88 8,50 ± 0,27 22,70 ± 0,39 88,93 

L 0,50 ± 0,01 60,91 ± 0,16 8,56 ± 0,02 25,85 ± 0,13 96,32 

APTMOS+LO 

UL 2,14 ± 0,00 56,22 ± 0,24 8,76 ± 0,02 21,00 ±0,40 88,12 

L 0,32 ± 0,01 52,62 ± 0,07 7,30 ± 0,08 35,58 ± 0,08 95,82 

APTMOS 

UL 3,94 ± 0,13 40,08 ± 0,16 6,68 ± 0,22 28,55 ± 0,30 79,25 

L 0,53 ± 0,02 44,84 ± 0,05 6,06 ± 0,13 41,19 ± 0,24 92,62 

1) Wood samples were treated with SB systems 
2) UL – unleached samples 
3) L – leached samples 

 
Table. 2. CO2 emission factor [t CO2/TJ] 

Model protective system 

composition
1) 

Ratio of the 

components 

  Concentration 

[%] 

Treated 

pine wood 

[kg/m
3
] 

Hydrolysed treated 

pine wood 

[kg/m
3
] 

control sample - - 107 110 

APTMOS+TO 1:4 25 80 84 

APTMOS +LO 1:4 25 78 94 

APTMOS - 5 88 106 
1) SB formulation  
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Table. 3. Heat of combustion  

Model 

protective 

system 

composition
 1) 

Ratio of the 

components 

Concentration 

[%] 
Treated pine wood 

Hydrolysed treated 

pine wood 

   [kcal/kg] [MJ/kg] [kcal/kg] [MJ/kg] 

control sample - - 4197 18 3962 17 

APTMOS+TO 1:4 25 6534 27 6821 29 

APTMOS+LO 1:4 25 6722 28 5277 22 

APTMOS - 5 4337 18 3998 17 
1) SB formulation  

 

The FTIR, 
1
H NMR and 

13
C NMR analysis of imidazole, benzimidazole and their derivatives 

were performed, confirming their quality and purity. 

 

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

bioautography method. 95 compounds were examined, including quinolizidine and 

bisquinolizidine alkaloids and their derivatives. The most effective chemicals are revealed in 

table 4. Over 15 organosilicone compounds in different solvents (water, white spirit and ethanol) 

were examined in the TLC-bioautography tests. The aminosilanes exhibited the best antifungal 

activity. Antifungal properties of 49 imidazoles and their derivatives were also examined. The 

highest antifungal activity was achieved by AK17 (1,10-di(3-

hydroxymethylpyridinium) decanedibromide) and PK 210. Some alkaloids and imidazoles (like 

IM 22 and cytisine derivatives) as effective against moulds, had to be rejected due to the lack of 

the possibility to obtain/synthesize bigger amounts of them, what is necessary for further tests. 

 
Table. 4. The most effective wood protective systems – the results of TLC-bioautography method 

Model protective system composition The result
1)

 

AK 17 - 1% (H2O:MeOH (1:1)) 0 

Caffeine - 1% (water) 0 

IM 22 - 0,01 mol/dm (water) 0 

7-(2-hydroxypropyl)teophilline 1 

7-(2,3)-dyhydroxypropyl)teophilline 0 

sparteine 0,6 

m-bromo-benzyl cytisine 0 

p-bromo-benzyl cytisine 0 

m-chloro-benzyl cytisine 0 

p-chloro-benzyl cytisine 0 
1)

Bioautography – TLC (A. niger, C. puteana), 0 – no growth, 1 – growth of hyphae without spores, 2 –

 sporulation mycelium 

 

The biological screening tests of impregnated wood allowed us to select the most effective 

antifungal formulations. Wood samples were impregnated by both soaking and vacuum method. 

The results of the mycological tests against A. niger and C. puteana are shown in the Table 5, 6 

and 7, respectively.  
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Table. 5. The average value of A. niger overgrowing index after 3 weeks of exposure 
Model 

protective 

system 

composition 

Ratio of the 

components 

Concentration 

[%] 

Medium Treatment 

method 

without 

ageing
2)

 

after ageing 

– EN84
2)

 

AATMOS - 5 SB S 3,4 4,0 

TO+APTMOS 4:1 25 SB S 3,4 4,0 

LO+AATMOS 4:1 25 SB S 3,2 4,0 

TO+APTMOS 4:1 25 SB V 0,8 3,0 

LO+AATMOS 4:1 25 SB V 1,2 4,0 

AATMOS - 5 SB V 1,0 2,0 

AATMOS - 5 WB S 4,0 4,0 

AATMOS - 5 WB V 2,0 3,0 

APTMOS - 5 Et-OH S 4,0 4,0 

APTMOS - 5 Et-OH V 4,0 4,0 

APTEOS - 5 Et-OH S 4,0 4,0 

APTEOS - 5 Et-OH V 4,0 2,2 
2) Moulds – acc. to ASTM D 5590-94 (A. niger), 0 - no growth of fungi on the specimen, 1 - less 

than 10% of the specimen area covered by fungi, 2 - less than 30% of the specimen area covered 

by fungi, 3 - less than 60% of the specimen area covered by fungi, 4 - specimen totally 

overgrown by fungi. 

 

 
Table 6. The results of the mycological tests against C. puteana-vacuum method impregnation. 

Model protective 

system composition 

M
ed

iu
m

 

Unleaching Leaching (EN84) 

R
et

en
ti

o
n
 

[k
g

/m
3
] 

R
S

D
 

W
M

C
 

[%
] 

R
S

D
 

M
L

 [
%

] 

R
S

D
 

R
et

en
ti

o
n
 

[k
g

/m
3
] 

R
S

D
 

W
M

C
 

[%
] 

R
S

D
 

M
L

 [
%

] 

R
S

D
 

MTMOS 5% SB 21,2 1,01 78,0 15,2 16,30 5,1 21,2 1,3 65,6 22,4 11,23 2,84 
 Et-OH 27,6 0,3 65,4 12,1 18,97 4,9 28,0 1,0 78,2 22,5 22,67 12,1 
APTMOS 5% SB 29,2 2,1 74,6 10,1 1,54 0,65 29,1 1,4 57,2 15,4 18,47 2,2 
 Et-OH 29,7 1,0 101,5 10,3 1,45 1,7 22,8 2,0 48,6 13,4 0,63 0,9 
 WB 47,9 1,3 62,4 12,5 2,39 0,7 50,3 1,7 47,7 19,5 10,89 9,7 
AATMOS 5% SB 21,1 1,1 103,9 7,1 1,59 0,7 22,0 1,1 52,7 15,5 2,76 0,5 
 Et-OH 28,2 1,0 77,5 6,4 3,06 0,5 28,5 1,1 51,3 20,4 7,39 1,4 
 WB 37,4 1,0 106,9 18,0 0,78 0,5 35,5 1,3 38,6 8,8 1,41 0,3 
APTEOS 5% WB 42,7 2,4 58,9 5,2 2,17 0,7 40,8 1,3 36,9 4,9 2,09 0,4 

AATMOS 5% + K2CO3 10% WB 40,2 0,6 78,7 6,9 2,68 0,3 43,1 2,0 55,2 5,9 8,52 0,4 

APTEOS 5% + K2CO3 10% WB 42,7 1,6 96,9 12,9 2,17 0,4 40,8 2,0 54,5 11,5 2,09 0,2 

AATMOS 5% + CAFFEINE 

2% 
WB 67,0 2,5 115,5 7,8 2,81 0,4 63,4 1,9 39,6 6,7 2,27 0,3 

APTEOS 5% + CAFFEINE 

2% 
WB 55,6 3,3 132,8 11,2 5,90 0,5 53,1 2,0 47,5 11,0 4,05 0,5 

APTEOS  4% + MTMOS  1% 

+ KAFFEINE  2% 
WB 55,6 2,7 110,8 5,4 3,64 0,8 56,3 2,0 43,3 7,2 3,51 0,3 

APTEOS  8% + MTMOS  2% 

+ KAFFEINE  2% 
WB 58,8 1,0 132,0 3,6 - - 55,3 2,1 52,1 4,1 4,01 0,3 

Propolis  30% + VTMOS  8% 

+ MTMOS  2% 
WB 281 14,1 23,6 1,8 3,73 2,9 - - - - - - 
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Table 7. The results of the mycological tests against C. puteana – soaking impregnation 
 

S
o

lv
en

t 

unleaching Leaching (EN84) 

R
et

en
ti

o
n

 

g
/m

2
 

R
S

D
 

W
M

C
 %

 

R
S

D
 

M
L

 %
 

R
S

D
 

R
et

en
ti

o
n

 

g
/m

2
 

R
S

D
 

W
M

C
 

%
 

R
S

D
 

M
L

  

%
 

R
S

D
 

MTMOS SB 7,6 0,7 59,6 11,2 16,62 4,8 8,5 2,8 75,1 10,7 25,13 9,1 
 Et-OH 16,5 2,8 60,8 5,1 16,69 2,0 14,3 1,2 54,4 3,6 14,69 1,7 
APTMOS SB 7,9 0,8 51,4 8,1 2,73 1,4 8,2 0,8 50,0 7,1 15,72 4,6 
 Et-OH 14,6 2,0 46,0 7,5 3,75 0,2 16,4 3,8 47,6 5,1 5,01 1,8 
 WB 31,6 8,9 57,6 17,2 2,72 1,4 26,4 12,6 46,1 9,0 8,87 2,9 
AATMOS SB 8,3 1,5 57,6 14,6 3,16 1,9 8,6 0,2 36,8 2,5 7,50 2,9 
 Et-OH 16,6 1,8 58,1 8,3 16,08 0,8 15,1 1,3 48,5 6,3 13,54 3,3 
 WB 30,3 8,9 54,9 11,9 3,25 0,8 32,9 7,6 57,7 15,5 4,10 1,4 
APTEOS WB 33,3 5,6 54,6 9,1 2,66 0,3 27,1 1,7 40,1 4,6 7,74 2,3 
AATMOS +K2CO3 WB 28,7 1,7 161,1 9,9 4,36 0,8 31,6 6,0 49,0 7,7 24,70 1,2 

APTEOS + K2CO3 WB 27,5 2,3 148,3 6,1 4,19 0,7 26,0 4,6 55,6 12,3 21,28 2,8 

AATMOS +kofeina WB 11,3    2,69  12,4    5,55  

APTEOS+KOFEINA WB 11,6    2,04  13,1    4,35  

APTEOS  4% + 

MTMOS  1% + kofeina  

2% 
WB 

 
12,4 

   

6,14 

  
14,4  

 

 6,02 

 

APTEOS  8% + 

MTMOS  2% + kofeina  

2% 
WB 

 

8,6 

   

4,64 

  

8,6  

 

 6,88 

 

Propolis  30% + VTMOS  

8% + MTMOS  2% WB 

 

83,7 

   

7,64 

  

- - 

 

- - - 

 

- 

 

The results of screening tests allowed to qualify a set of the most effective preservative systems 

for full mycological tests: 20% tung oil + APTMOS (SB); 20% linseed oil + APTMOS (SB); 5% 

AATMOS (WB); 5% APTMOS (WB); 5% APTEOS (Et-OH); 1% caffeine (WB); 2% caffeine + 

5% AATMOS (WB); 2% caffeine + 5% APTMOS (WB); 5% AATMOS + 10% K2CO3 (WB); 

5% APTEOS + 10% K2CO3 (WB). Biological tests according to EN 84 have been initiated in 

accordance with the schedule.  

 

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 method to determine the flammable properties. This method allowed to make a selection of 

the best fire retardants for further study. The obtained results are presented in the Table 8. 

 
Table 8. The list of the most effective fire retardants – the results of MFT test  
Model protective system 

composition 

Ratio of the 

components 

Concentration 

(%) 

Medium Treatment 

method 

Leaching Mass loss 

[%] 

AATMOS - 5 WB V yes 72,95 

APTMOS - 5 WB V yes 73,46 

APTMOS+linseed oil 1:4 25 SB V no 71,98 

APTMOS+linseed oil 1:4 25 SB V yes 70,31 

AATMOS+PCU 1:4 25 WB S no 28,14 

AATMOS+PCU 1:4 25 WB V no 26,25 

APTMOS+PCU 1:4 25 WB V no 26,41 

APTMOS+PC 1:4 25 WB V no 23,76 

APTEOS+PC 1:4 25 WB V no 26,13 

AATMOS+PC 1:4 25 WB V no 23,16 

APTMOS+PC 1:2 15 WB V no 39,29 

AATMOS+PC 1:2 15 WB V no 38,31 

APTEOS+PC 1:2 15% WB V no 31,87 

APTMOS+PCU 1:2 15% WB S no 40,67 
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The same formulations (1-14) were examined by MLC method. The MLC results for the selected 

preparations are presented in the Table 9.  

 
Table 9. The combustion parameters of wood treated with PC, silanes and natural oils. 

Parameter PC 20% PC 10% 
AATMOS 

5% 

APTEOS 

5% 

APTMOS 

5% 

MTMOS 

5% 
LO TO control 

control 

70* 

control 

120** 

Peaks 
        

   

HRR (kW/mｲ) 186,65 214,9 215,06 214,38 215,16 218,25 214,68 215,77 202,79 228,95 211,41 

EHC (MJ/kg) 69,4 70,24 70,18 68,16 70,14 71,21 70,33 69,90 59 73,87 71,61 

MLR (g/s) 0,33 0,39 0,39 0,43 0,39 0,37 0,39 0,40 0,59 0,35 0,35 

Time To Peaks 
        

   

HRR (s) 510 672,66 674,84 716,67 676,12 666,56 669,74 684,32 867 657 626 

EHC (s) 418 392,76 390,50 351 389,18 395,33 395,78 380,70 218 394 441 

MLR (s) 481 589,64 590,70 623 591,32 574,67 588,22 595,30 768 534 567 

Test results 

(between s) 

55- 

831 

29- 

653 

54- 

1015 

35- 

829 

71- 

878 

80- 

958 

54- 

1251 

68- 

1312 

70- 

1027 

37- 

852 

27- 

801 

mean HRR 

(kW/m2) 
102,61 142,13 141,90 136,25 141,76 143,91 142,45 140,87 113,23 148,30 147,20 

mean EHC 

(MJ/kg) 
12,84 13,74 13,72 13,40 13,72 13,86 13,75 13,67 12,02 14,20 13,99 

mean MLR 

(g/s) 
0,07 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,08 0,09 0,09 

THR (MJ/m2) 79,27 114,65 114,70 114,12 114,73 116,12 114,57 114,94 108,10 120,76 113,49 

Mass loss (g) 54,77 74,50 74,60 76,02 74,66 74,70 74,37 75,03 80 75,69 72,38 

Specific mass 

loss (kg/m2) 
6,20 8,43 8,44 8,60 8,44 8,45 8,41 8,49 9,05 8,562 8,19 

Percentage 

mass loss (%) 
63,11 79,33 79,37 80,02 79,40 79,43 79,26 79,57 81,79 79,93 78,34 

* - wood samples dried at temperature 70°C, ** - wood samples dried at temperature 120°C 

 

The best results were obtained for the formulations containing PC and aminosilanes. 

 

 

4. CONCLUSIONS 

 

The new, bio-friendly wood protective systems based on: alkaloids, propolis and plant oils 

(linseed, soy and tung oil), organosilicone compounds (MTMOS, APTMOS, AATMOS, 

APTEOS, OTEOS, VTMOS) and imidazoles have potential to protect wood against biological 

and physical degradation. More than 110 formulations have been tested so far against A. niger, 

C. puteana and fire activity. The results of mycological tests revealed, that aminosilanes 

formulated with natural oils are able to protect wood against microfungi and wood destroying 

fungi. MFT and MLC tests shown that wood treated with formulations containing potassium 

carbonate, natural oils and aminosilanes exhibits antifire properties. The effectiveness of above 

mentioned model protective compositions strongly depends on a method of its application. 

The vast spectrum of an application properties, i.e. aesthetic-decorative properties (colour, shine 

and effect of metamerism), chemical resistance (impact of solvents and careconserving agents), 

resistance to mechanical factors (adhesion and resistance to impact and scratching) and emission 

of VOC from the treated wood will be measured in the next stages of the project. Selected 

protective systems will be subjected to LCA. The extension of life for wood products due to 

appropriate wood protection should encourage industry to the wider practical application of such 

natural components.  
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