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            Wood Technology Institute in Poznan conducts innovative research on  

      the use of ionic liquids (derivatives of quaternary ammonium salts) in wood 
preservation technology and wood materials. The research resulted in the 
development of "multitasking" fungicides, which are alternative to commercial 
wood preservatives environmentally toxic and contain heavy metals.   

 

           The goals of Project  no.POIG.01.03.01-30-074/08, co-financed by the  ERDF 
under the Innovative Economy Operational Programme, conducted in 
cooperation with Poznan University of Technology, Technical University of Lodz 
and the Silesian University of Technology were: 

ü development of innovative technologies of increasing durability of wood and 
composite wood materials using ionic liquids, 

ü  development of a method for cellulose isolation from lignocellulosic raw 
materials using ionic liquids. 

 

 

                                        
                                        



Pacing Innovation for the Bioeconomy 
7 th conference of the European Forest-Based Sector Technology Platform 

 

 

 

 

 

 

Chemical structure of ionic liquids 

 

 

 

 

 

  
Organic cation: ammonium (coconut oil), morpholine, azole  

 Anion: nitrate, herbicide, propioniate, acetate, citrate                   Modelling (using MM3 and PM5 programe ) the chemical 
                                                                                                     structure of lignocellulose by bonding  of IL (green ς carboxylate          
     groups, blue ς H2O molecule, yelow ς Ionic liquids, red-oxygen)  

The number of cation-anion combinations  

   is currently estimated at 1018 

 

 

 

 

 

 

                                        
                                        

Cation Anion 

Ionic liquids 
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      Biodegradability of new structures of ionic liquids in the environment is 

the most important advantage of the developed  biologically active 
substances, ensuring safe use of treated wood and wood materials, as well as 
their later utilization. 

 

 

 

 

 

 

 
        The course of decomposition of the ionic liquid cation of natural origin derived from coconut oil 

and a reference substance in the study of biodegradability according to OECD 302 B. 
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    Biodegradation of ionic liquids in trated wood by soil mould fungi at the level  of 28-42% during  

   a 12-week test of soil 

 

 

 

 

 

 

 

 

 

 
  (a)                                               Retention time ( min)                                                                     (b)                                               Retention time (min) 

 

HPLC chromatograms of the extracts from wood samples treated with [Arq C35][NO3] (a) ς initial 
samples, (b) ς samples after inculation with Gliocladium roseum strain 62 726 
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     Ionic liquids in innovative technologies  
     to increase sustainability of wood 

 
The activity of ionic liquids ï derivatives 

 of azoles ï against decaying fungus Coniophora puteana  

Threshold values: 

   

[Azole][Cytr] - ED50- 1 ppm; ED100- 10 ppm; LD- 50 ppm 

[Azole H][Cl]  ï ED50- <0.1 ppm; ED100-5 ppm; LD- 5 ppm 

 
The fungicidal values  of herbicide and nitrate ionic liquids 

 toward Coniophora puteana  fungus (pine Pinus sylvestris L.) 
 

           [Arq C35][NO3]             2.7 ï 4.3 kg/m3 

           [Arq 1230][NO3]            2.9 ï 4.4 kg/m3 

           [DDA][herbicide]           4.8 ï 7.7 kg/m3 

           [DDMA][NO3]                 2.98- 4.6 kg/m3 

Patents: P.392918, P. 393431, P. 395817 
The activity of ionic liquids toward moulds: 
Å Set I: Aspergillus niger, Penicillium funiculosum,  
        Alternaria alternata, Paecylomyces varioti, Trichoderma                                    [DDA][herbicide],[BA][herbicide],[Rok][1]-15g/m2                      
        viride                                                                                                                             [DDA][NO2], [Arq C35][NO2][Arq 1230][NO2]-15 g/m2 
Å Set II: Chaetomium globosum                                                                                    [Arq C35][NO3][Arq1230][NO3] ς 25 g/m2                                       
                                                                                                                     Effective protection of wood of pine Pinus sylvestris L. against  moulds  
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Development of bioactive derivatives of azoles in the form of ionic liquids in 

order to intensify biocidal activity, increase penetration, and minimize the 
necessary amount of these biocides introduced to protect lignocellulosic 
materials. 

 Thanks to innovative solutions, a new type of biodegradable biocides with low 
threshold values ׳׳against fungi and bacteria (pathogens of wood) was developed. 
These biocides have significant economic and environmental effects and at the 
same time no adverse effects on humans.  

 
The result is an original in the world. 
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        FT-IR spectra of treated wood confirmed the bond of ammonium ionic liquids to wood.  

        Formation of ammonium carboxylate in chemical structure of wood and wood modification by 
long alkyl chain was observed. 

 

 

 

 

 

 

 
 

 

         

        

         

          The reduction of band at 1735 cm-1 v(C=O)COOH in Scot pine wood treated with [DDA][NO3] and [BA][NO3]  is 
attributed to dissociation of wood carboxylic acid into carboxylate anion.  

          Simultaneously  an increase in band intensity at 1606 and 1593 cm-1  is attributed to carbonyl streching vibration 
in ammonium carboxylate -R4N+ ...OOC- . 

         The reduction of band at 3000, 3354 cm-1 v(O-H)COOH in treated wood . 
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            The result of research on the use of ionic liquids in protecting technologies 
for wood-based  panels and plywood allowed development of novel protic ionic 
liquids that can be used as hardeners of adhesive amine resins (patent 
P.392949). Designed structure of these compounds, their parallel multi-activity, 
plays a role in curing resins and biocides, which is extremely desirable in the 
process of protection of  wood materials.    

 

 

 

 

 

 
Particleboards  are obtained in accordance with the requirements of PN-EN 312:2005 
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       Another achievement of the project is development of a method for cellulose 
dissolving in developed new morpholine ionic liquids. These compounds were 
proposed for patent protection (P.3917060) as new cellulose solvents. Current 
research focus on development of a novel method of dissolving papermaking 
raw materials and semi-finished products in ionic liquids in order to extract the 
carbohydrate fraction from the lignin fraction and ultimately obtain cellulose 
from a chemical-morphological conglomerate that wood is. 
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Ionic liquids as environmentally friendly cellulose  
solvents to extract pulp from  
wood raw material  
 

Cellulose standard dissolution tests and  

dissolution  of semi-finished paper in ionic liquids without  

Participation  and with involvement of enzymes: 

 chloride 1-butyl-3-methylimidazolium, application 

 of new  morpholine ionic liquids               Process of dissolving cellulose viscose (optical microscope ) 

  

Morphology  studies on the structure  

of cellulose  precipitated from   

ionic liquids 

 (SEM), FTIR spectra, 

 thermal properties of cellulose:  

TG, DTG, DSC, NMR  

 
 

                                        
                                        

http://upload.wikimedia.org/wikipedia/commons/0/07/Cellulose_Sessel.svg
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Conclusion 
 

The innovative nature of proposed solutions lies in creating stable and sustainable,  
deeply wood-penetrating new ionic liquids as wood preservatives of specific 
properties with respect to micro-organisms  responsible for wood degradation, and 
at the moment of (insignificant) wood leaching easily degradable by the micro-flora 
in soil and water environment. 
 
Results of physical and chemical research on the effect of ionic liquids on material 
allowed identification of bonds of new biocides and wood, which is indispensable  for 
identifying application of ionic liquids in wood preservation.  
 
The ability of combining ionic liquids with other biocides, e.g. boron or copper 
compounds, is an offer of new generation antifungal preparations for the chemical 
and wood industries as well as building construction. 
 
Investigation of application of ionic liquids as cellulose solvents blends in the world 
trends in research and development of innovation in the forest-based sector. 
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