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WOOD HYDROPHOBIZATION BY AMMONIUM IONIC 
LIQUIDS 

Strongly hydrophobic ammonium ionic liquids penetrating the wood structure and 
protecting solid wood from water absorption were developed. By covering the  
surface of wood with ammonium ionic liquid the wood is hydrophobically and  
antiseptically protected for a long time. As it was mentioned above, swelling and 
water absorption of protected wood is several times less compared to unprotected 
wood. The dimensional stability is also improved. 
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Introduction 

Ionic liquids (IL's) are a class of chemical compounds composed of organic 
cations and organic or inorganic anions with melting points below 100°C [Wel-
ton 1999; Wasserscheid, Keim 2000; Wasserscheid, Welton 2008; Deetlefs, 
Seddon 2010; Dupont et al. 2002; Kichner 2009]. Typically IL's have broad 
liquid ranges, low vapour pressures, are thermally stable, and may be non-
coordinating as well. They have attracted significant attention due to their poten-
tial application in wood preservation [Pernak et al. 2008; Stasiewicz et al. 2008; 
Pernak et al. 2004, 2005; Zabielska-Matejuk et al. 2004, 2008]. 

In this study the properties of one of the ammonium ionic liquids, i.e. dide-
cyldimethylammonium dodecylbenzenesulfonate [DDA][ABS], are presented. 
The above-mentioned ionic liquid has been successfully synthesised in high 
yields by exchange reaction. The halide anion was replaced by new dodecylben-
zenesulfonate anion. The new ionic liquid is solid in the room temperature, but 
in 55 degree Celsius it melts and becomes a highly hydrophobic oil. In this form 
it can be applied on wood surface. 
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Fig. 1. Didecyldimethylammonium dodecylbenzenesulfonate [DDA][ABS] 
Rys. 1. Dodecylobenzenosulfonian didecylodimetyloamoniowy [DDA][ABS] 
 

The aim of the investigation was to verify the possibilities of wood hydro-
phobization using the ammonium ionic liquid. The investigation included meas-
urement of water absorption by and swelling of solid wood impregnated with the 
above-mentioned liquid. 

Materials and methods 

Didecyldimethylammonium dodecylbenzenesulfonate used in the investigation 
is a solid substance when stored in the room temperature and changes to the 
liquid state when warmed up to a temperature of 70–90 deg. C in water bath. 

Beech wood was used in the tests. 20 samples of the dimensions as in fig. 2 
were prepared. The above-mentioned ionic liquid was applied on half of the 
samples by immersion. The excess of the liquid was mechanically removed. The 
average surface covering was about 80 g/m2. On covering the samples with the 
ionic liquid all of them were conditioned at normal conditions (20 deg. C, 65% 
R.H.) for 18 hours. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The sample used for swelling and water absorption tests 
Rys. 2. Próbka do badań spęcznienia i nasiąkliwości 

             Depth of soaking 
             Głębokość moczenia 
  Ionic liquid covering level 

  Poziom pokrycia cieczą jonową 
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Fig. 3. The samples during soaking in water (unprotected samples at the front) 
Rys. 3. Próbki podczas moczenia w wodzie (z przodu próbki niezabezpieczone) 

 

The samples were soaked in water at the temperature of 20 deg. C for total 
time of 168 hours. During that time successive measurements of the dimensions 
and weight were made. The measurement of the dimensions was taken at the 25. 
mm of the sample length from the immersed end. The measurements were taken 
after 10 min, 30 min, 2 h, 6 h, 24 h, 72 h and 168 h since the immersion was 
started. The samples were immersed in water to the depth of 50 mm (fig. 3). 
 

Results and discussion 

The visual differences between the water absorption of the uncovered (unpro-
tected) samples and the samples covered (protected) with the ammonium ionic 
liquid are shown in fig. 4. As it can be seen the most dynamic water uptake can 
be observed after the first 10–30 min from the beginning of the test. After 6 h 
from the test start the unprotected samples absorbed about 18% mass of water 
with the reference to the initial sample weight. At the same time the samples 
covered with the ionic liquid took less than 5% mass of water. After about 70–72 
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hours of soaking of the uncovered samples the intensity of the water absorption 
process got weaker. In the case of samples covered with the ionic liquid the dy-
namics of the water uptake was more regular and no changes similar to those 
which occurred in the case of unprotected samples were observed. After 7 days 
of soaking the total water uptake was over 60% in the case of unprotected sam-
ples and about 30% in the case of samples protected with the ionic liquid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The water absorption of the unprotected samples and the samples protected 
with the ionic liquid 
Rys. 4. Nasiąkliwość próbek zabezpieczonych i niezabezpieczonych cieczą jonową 
 

The swelling of the uncovered samples and the samples covered with the 
ammonium ionic liquid when soaked in water is presented in fig. 5. In compari-
son with the water absorption dynamics the biggest intensity of the swelling 
process could be observed during 2 initial hours of the test. The biggest differ-
ences between the intensity of swelling of both types of the samples were ob-
served after 2 h of the test elapsed. Interestingly, in the case of unprotected sam-
ples the intensity of swelling decreased asymptotically after about 70–72 hours 
of the test, thus at the same time when water absorption decreased as well. After 
7 days of soaking the swelling of all the samples (uncovered and covered with 
the ionic liquid) was almost the same. It can be pointed out, that the ammonium 
ionic liquid reduces water absorption by wood and, what was proved above, 
minimises the intensity of swelling of wood. 
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Fig. 5. The swelling of the unprotected samples and the samples protected with the 
ionic liquid 
Rys. 5. Spęcznienie próbek zabezpieczonych i niezabezpieczonych cieczą jonową 
 
 
Conclusions 

The research has shown that the investigated ammonium ionic liquid 
([DDA][ABS]) significantly minimises water absorption by wood. During the 
initial phase of soaking (i.e. after 10 minutes) the absorption by wood impreg-
nated with the above-mentioned ionic liquid was over 6 times less in comparison 
with the untreated wood. That difference was getting smaller as the soaking time 
lengthened and after 7 days was about 2 times higher to the advantage of wood 
protected with the ionic liquid. The biggest difference (over 2.5 times bigger) 
between swelling of protected and unprotected wood was observed after about 2 
hours of soaking. With time that difference was decreasing asymptotically. After 
the whole test (7 days) the swelling of protected and unprotected samples was 
almost equal. 
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HYDROFOBIZACJA DREWNA ZA POMOCĄ AMONIOWYCH 
CIECZY JONOWYCH 

Streszczenie 

Opracowano ciecze jonowe, o charakterze bardzo silnie hydrofobowym, które przenika-
jąc do struktury drewna zabezpieczają ją przed wnikaniem wody. Poprzez powierzch-
niowe naniesienie cieczy jonowej uzyskuje się drewno odporne przez długi czas na  
działanie wody oraz posiadające powierzchnię antyseptyczną. Drewno zabezpieczone  
w opisany sposób charakteryzuje się kilkakrotnie mniejszą nasiąkliwością i spęcznie-
niem, jak również mniejszymi odkształceniami, w porównaniu z drewnem niezabezpie-
czonym. 

Słowa kluczowe: drewno, ciecz jonowa, hydrofobizacja, pęcznienie, nasiąkliwość 
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Dorota FUCZEK, Jadwiga ZABIELSKA-MATEJUK, Juliusz PERNAK, 
Weronika PRZYBYLSKA ∗ 

WETTABILITY OF WOOD SURFACES TREATED 
WITH IONIC LIQUIDS 

The aim of the research was to measure the wettability of wood surface protected 
with three ionic liquids differing in terms of cation and anion structure as well as 
fungicidal properties. Herbicidal ionic liquids with functional anion, nitrate(V) 
with cation derived from natural coconut oil and ionic liquid with dodecylben-
zenesulfonate anion were tested. The investigation was carried out on pine wood 
Pinus sylvestris L. The presented results indicate that the ionic liquids containing 
12-carbon hydrophobic alkyl chain in their structure, i.e. [DDA][ABS] and 
[ArqC35][NO3], worsened wood wettability, thus improved the protection of wood 
against water. 

Keywords: wettability, contact angle, ionic liquids, wood 

Introduction 

Microbiological destruction processes of wood caused not only by fungi, but 
also by algae, bacteria, insects or marine organisms, can be sufficiently inhibited 
or eliminated thanks to preservation of wood with chemicals often aided by 
physical treatment, e.g. high temperature processing. Current wood protection, 
having no negative consequences for the environment, prefers replacement of 
classic preservatives with biodegradable components. Heat treatment of wood, 
leading to elimination of nutrients for fungi, increases wood natural resistance to 
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microbiological decomposition and simultaneously decreases its susceptibility to 
damping [Hakkou et al. 2005; Noskowiak 2007]. The hydrophobization effect 
together with improved durability can be achieved through modification of wood 
with organosilicon compounds [Tinggaut et al. 2005; Gosh et al. 2008; Sèbe, 
Brook 2001], synthetic resins [Bach et al. 2005] and other hydrophobic agents. 
Fungistatic and fungicidal properties of quaternary ammonium salts and then 
ionic liquids have opened those compounds the door to application in wood 
preservation [Pernak et al. 2004, 2005; Zabielska-Matejuk 2005]. The conse-
quence of the amphiphilic character of those compounds is their adsorption on 
the surface of microorganism cells, which is especially visible in the case of 
chemotrophic bacteria that are constituents of water biocenosis and soil. It can 
cause their elimination from the environment.  

The possibility of ionic liquid structure modification is one of the most pre-
cious features of those organic compounds. They facilitate matching of a bio-
logically active structure to a microorganism species and, in the case of an in-
crease in resistance, exchange of the functional group for a more efficient. The 
introduction of the hydrophobic alkyl chain (relatively specific anions) into the 
ionic liquid structure makes it possible to obtain multifunctional compounds that 
are biocidal and able to protect a lignocellulosic conglomerate, such as wood, 
against water. This property of ionic liquids makes the process of wood preser-
vation easier, because they lower wettability, hygroscopicity and impregnability 
of wood, thus inhibiting colonisation of wood by microorganisms and their 
growth in it. The investigation of changes in wettability of wood surface before 
and after the treatment with ionic liquids can be a confirmation of the hydropho-
bic character of protection with those chemicals. The assessment of wood sur-
face wettability can be made on the basis of the measurement of contact angles, 
calculation of free surface energy, work of adhesion, and critical surface tension 
of wetting [Gray 1962; Gunnells et al. 1994; Liptakowa, Paprzycki 1984; Lis, 
Proszyk 2001]. 

In this study wettability (contact angle) of wood surface protected with three 
ionic liquids differing in terms of cation and anion structure as well as fungicidal 
properties was investigated. Herbicidal ionic liquids with functional anion, ni-
trate(V) with cation derived from natural coconut oil and ionic liquid with dode-
cylbenzenesulfonate anion were tested.  

Materials and methods 

The ionic liquids were developed and synthesised in the Institute of Chemical 
Technology and Engineering of the Poznan University of Technology by M. Kot 
[Pernak et al. 2009]. Structures of the synthesised compounds were confirmed 
by the analysis of 1 H NMR and 13C NMR spectra (Varian 300 VT type spectro-
scope). The prepared compounds had the form of wax. 
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For the research the following compounds were taken into consideration: 
− [Ciech][1] – ionic liquid with didecyldimethylammonium cation and her-

bicidal anion, 
− [DDA][ABS] – didecyldimethylammonium dodecylbenzenesulfonate, 
− [ArqC35][NO3] – nitrate(V) with cation derived from natural coconut oil 

[Zabielska-Matejuk, Pernak 2009]. 
The investigation was carried out on Scots pine sapwood Pinus sylvestris L. 

of the density of 480–520 kg/m3. The samples’ dimensions were 100 × 50 × 10 mm 
(the longer edges were parallel to the fibers). The measurements of contact angle 
were performed on samples conditioned at a temperature of 20±1°C and  
humidity of 65±2% to a moisture content of 12±1%. The isopropanol solution of 
[Ciech][1] and [DDA][ABS] and water solution of [ArqC35][NO3] in the 
amount of 50 g pure active substance on m2 of wood were applied using a paint 
brush on the sanded surfaces (100 × 50 mm) of tangential and radial section of 
the samples. Then the samples were conditioned for 4 weeks in the dishes over a 
saturated solution of ammonium nitrate with a moisture content of 12±1%. The 
average angle measured between the covered surface and the water drop  
remaining on it, called the contact angle, was determined on the basis of  
a 10-measurement set (5 measurements on early wood and 5 measurements on 
late wood). The average contact angle was determined every second for 60, 180 
or 240 seconds (depending on the preservative type and section of wood). For 
the purpose of comparison the contact angle for uncovered wood (control  
samples) was also measured. For each drop around 5µl of redistilled water of  
a temperature of 23±1°C was used.  

The measurements were taken using a KSV CAM 101 apparatus. 

Results and discussion 

The highest value of the contact angle was determined for wood with didecyldi-
methylammonium dodecylbenzenesulfonate. The contact angles of samples pro-
tected with [DDA][ABS] remained around the level of 50 deg for over 4 min-
utes. Wood treated with that ionic liquid demonstrated much better water repel-
lency than in the case of untreated wood and wood treated with other preserva-
tives. Better resistance to water, in comparison with untreated wood, was  
obtained also for nitrate(V) with cation derived from natural coconut oil treat-
ment. In the case of [Ciech][1] the water drop applied on the wood surface spilt 
and soaked into it immediately. As it is illustrated in fig. the water drop was 
absorbed into the protected surface after 2 seconds of measurements. 
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Fig. 1. Contact angles determined on the wood radial section  
Rys. 1. Kąty zwilżania wyznaczone na przekroju promieniowym 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Contact angles determined on the tangent section of the control samples and 
the samples treated with [DDA][ABS] and [ArqC35][NO3] 
Rys. 2.  Kąty zwilżania wyznaczone na przekroju stycznym dla próbki kontrolnej oraz dla 
próbek zabezpieczonych [DDA][ABS] i [ArqC35][NO3] 
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Fig. 3. Contact angles determined on the tangent section of the control samples and 
the samples treated with [Ciech] [1] 
Rys. 3. Kąty zwilżania wyznaczone na przekroju stycznym dla próbki kontrolnej oraz dla 
próbki zabezpieczonej [Ciech] [1] 
 

The tested ionic liquids behaved differently depending on whether early or 
late wood was concerned. The results presented in fig 4 and fig 5 indicate that 
early wood treated with [DDA][ABS] and [ArqC35][NO3] demonstrated better 
water repellency than late wood. 

However, this difference is much bigger in the case of the tangential section 
of wood treated with nitrate(V) with cation derived from natural coconut oil. 
Unlike behaviour was observed in the case of unprotected wood, where water 
repellency of early wood was smaller than that of late wood on the tangential 
section. According to Herczeg [1965] it is hard to draw unequivocal conclusions 
whether this phenomenon is a consequence of greater roughness or the  
differences in chemical composition of early wood and late wood, such as the 
content of extractives. However, it can be assumed that better penetration of the 
above-mentioned ionic liquids into early wood can cause its better protection 
against water. 

Even though both ionic liquids [DDA][ABS] and [ArqC35][NO3] improved 
water repellency of wood, the application of the latter can be limited. This limi-
tation is caused by the white marks which occurred after water absorption of the 
wood samples. The explanation of this phenomenon can be that nitrate(V) with 
cation derived from natural coconut oil is soluble in water.  
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Fig. 4. The contact angles of early wood and late wood protected with [Arq C35] 
[NO3] depending on the wood section 
Rys. 4. Kąty zwilżania drewna wczesnego i późnego zabezpieczonego [Arq C35 [NO3]  
w zależności od przekroju 
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Fig. 4. The contact angles of early wood and late wood protected with [DDA] [ABS] 
depending on the wood section 
Rys. 4. Kąty zwilżania drewna wczesnego i późnego zabezpieczonego [DDA][ABS] 
w zależności od przekroju 
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Fig. 5. The average contact angles determined on the radial section 
Rys. 5. Średnie kąty zwilżania wyznaczone na przekroju promieniowym 
 

 
The contact angle, determined by drawing a tangent to the drop at the con-

tact point between the liquid and the solid intersection, is the most direct indica-
tor of wettability. From the practical point of view, this parameter can be very 
useful for selection of a proper method for finishing of wood or unfinished  
panels. Chemical treatment of wood by different compounds with reactive 
groups, especially with polymer, can lead to an increase in the hydrophobic 
character of wood, both on its surface and inside it [Bach et al. 2005].  

This study demonstrates a possibility of quick assessment of the influence of 
ionic liquids on wood wettability using the contact angle measurement. The 
presented results indicate the potential of ionic liquids for protection of wood 
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against water, especially of didecyldimethylammonium dodecylbenzenesul-
fonate which significantly decreases the absorption of water by wood. The con-
tact angle of wood protected with ionic liquids depends on the length of the hy-
drocarbon chain in their structure. The compounds with a hydrophobic dodecyl 
alkyl substituent in the anion of [DDA][ABS] were the most effective in terms 
of decreasing the wetting of the treated Scots pine sapwood. The compound 
developed from coconut oil [ArqC35][NO3], containing a mixture of hydrocar-
bon chain ranging from C8 to C14, demonstrated lower wood hydrophobization 
ability. The introduction of herbicidal anion into the structure ionic liquids with 
didecyldimethylammonium cation caused an increase in the treated wood wet-
tability in comparison with the control wood.  

Conclusions 

The results presented above lead to the following conclusions: 
− the two out of the three tested ionic liquids, i.e. [DDA][ABS] and 

[ArqC35][NO3] containing the long hydrocarbon chain, worsened the 
wettability of wood, thus improved the protection of wood against water, 

− the wood treated with [Ciech][1] had higher wettability than the untreated 
wood, 

− in the case of wood treated with [DDA][ABS] and [ArqC35][NO3] 
significant differences in terms of early wood and late wood wettability on 
the tangential section were observed. 
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BADANIA ZWILŻALNOŚCI DREWNA ZABEZPIECZONEGO 
POWIERZCHNIOWO CIECZAMI JONOWYMI 

Streszczenie 

Przedstawiono badania zwilżalności drewna zabezpieczonego powierzchniowo trzema 
cieczami jonowymi, o zróżnicowanej strukturze zarówno kationu, jak i anionu oraz 
skuteczności działania grzybobójczego. Zbadano „herbicydowe ciecze jonowe” z funk-
cyjnym anionem, azotan(V) z kationem pochodzenia naturalnego z oleju kokosowego oraz 
ciecz jonową z anionem dodecylobenzosulfonowym. Badania wykonano na drewnie sosny 
Pinus sylvestris L. Wykazano, iż ciecze jonowe zawierające w strukturze 12-weglowy, 
hydrofobowy łańcuch alkilowy [DDA][ABS] oraz [ArqC35][NO3], wprowadzone do drewna 
wpływają na pogorszenie jego zwilżalności, a tym samym na zwiększenie jego odporności na 
działanie wody. 
 
Słowa kluczowe: zwilżalność, kąt zwilżania, ciecze jonowe, drewno  




