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INFLUENCE OF LIQUEFIED AND CCB CONTAINING LIQUEFIED
WOOD ON GROWTH OF WOOD DECAY FUNGI

D. Hrastnik*, F. Budija!, M. Humar?, M. Petrict

ABSTRACT

There are high amounts of post-consumed protected waste wood removed from service every year.
The residual biocides, including copper, chromium and boron from CCB (Cu, Cr, B) in post-consumed
wood that was protected with biocides may cause environmental problems during waste management,
for example during land filling. Therefore, the aim of this study was to find out if Cu and Cr in the
processed waste wood, previously treated with CCB, can be re-used as a wood preservative or in coatings
made of liquefied wood. Liquefaction of CCB containing waste wood could be as well the first step
in the elimination process of metals. So, the optimal conditions for liquefaction of CCB (Cu, Cr and
B) containing black poplar (Populus nigra L.) wood were established and compared with liquefaction
of uncontaminated black poplar wood. The reactants for liquefaction of black poplar wood sawdust
were ethylene glycol (EG) and sulphuric acid. It was observed that in the last stages of the liquefaction
process, the presence of Cu, Cr and B did not have any influence on liquefaction yield (LY, while their
influence was observed in first stages of the solvolytic reaction. Investigations of fungicidal properties
of uncontaminated and CCB containing liquefied wood showed higher antifungal efficacy of liquefied
wood without Cu, Cr and B than of liquefied wood that contained CCB. In the tested concentration
range, the presence of Cu even promoted the growth of selected wood decay fungi. One of the reasons
for higher toxicity of liquefied black poplar sawdust without Cu, Cr and B, was its very low pH value.

Keywords: Liquefied wood, copper, chromium, boron, preservatives, post-consumed wood, wood
decay fungi

INTRODUCTION

Due to a threat of shortage of fossil based sources and especially due to negative impacts of their
usage on the environment, utilisation of renewable natural resources, including biomass, is becoming
more and more important. Biomass is the term used to describe all biologically produced matter. Biomass,
mainly in the form of wood, is the oldest form of energy used by humans. Beside its applications in a
natural - solid form, liquid and gas biomass based products can be produced and used as a fuel or for
further organic syntheses (Lin ef al. 1997).

The conversion technologies into a liquid or gas state can be separated into four basic categories:
direct combustion processes, biochemical, thermochemical and agrochemical processes (Demirbas
2001). The most important ones are biochemical and thermochemical processes (Tsoul et al. 2004).
Biochemical processes are anaerobic digestion (decomposition through bacterial action in the absence
of oxygen) and alcoholic fermentation (ethanol can be produced from certain materials which contain
sugars, starch, hemicellulose or cellulose). Further categories of thermochemical processes are pyrolysis,
gasification, supercritical fluid extraction, hydro thermal upgrading process and liquefaction. Pyrolysis
converts biomass into a liquid, charcoal and non-condensable gases, acetic acid, acetone and methanol,
by heating the biomass to about 480°C in the absence of air. Gasification is similar to pyrolysis but it is
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performed at higher temperatures in order to optimize the gas production. Application of supercritical
fluid extraction enables biomass to be converted to primary products and thereafter further on into a
variety of final products. A hydro thermal upgrading process is another way to produce bio-crudes
with converting biomass in a wet environment at high pressure to partially oxygenated hydrocarbons.
Liquefaction is performed at relatively low temperatures and high pressure using a catalyst (Demirbas
2001). However, with a correctly selected solvent system and a catalyst, the biomass can be liquefied also
under atmospheric pressure at a moderately elevated temperature (150°C). There have been numerous
reports in the literature on wood liquefaction and possible applications of liquefied wood (for instance
in Shiraishi and Yoshioka 1998, Kobayashi et al. 2000, Kurimoto ef al. 2001, Yamada and Ono 2001,
Doh et. al. 2005, Budija et al. 2009, Kunaver et al. 2010). As a source for liquefaction, biocide treated
post-consumed wood can be used as well as shown for instance by Shiraishi and Hse (2000) or Lin and
Hse (2005). Namely, impregnated post-consumed wood still contains the biocides which were chosen
due to their toxicity towards wood decay organisms, but are also toxic to other organisms and thusly
potentially harmful to humans and to the environment (Krook et al. 2006, Ochoa-Acufia and Roberts
2006). Several methods for the disposal of biocide containing post-consumed wood have been studied.
These are: recycling and recovery, chemical extraction, bioremediation, electrodialytic remediation and
thermal destruction (Helsen and Van den Bulck 2005). The intention of all these methods is to remove
toxic preservatives out of wood without harmful emissions into the environment. As mentioned, that
is why some investigations were focused on liquefaction of biocide containing post-consumed wood.
Additionally, ideas to use liquefied post-consumed wood with toxic preservatives for wood preservation
have emerged. Humar et al. (2011) liquefied CCB (copper, chromium and boron compounds based
wood preservative formulation) containing Norway spruce wood and tried to use it as a preservative
for common beech and Norway spruce wood. However, the results did not clearly show if the CCB
containing liquefied wood had biocidal properties or was bio-inactive. On the other hand, leaching of
copper from spruce wood, impregnated with the liquefied CCB treated wood was significantly reduced.

The aim of this study was continuation of investigations of Humar et al. (2011) in order to optimise
liquefaction of CCB containing wood with ethylene glycol (EG). We also wanted to clarify possible
fungicidal properties of liquefied and of CCB containing liquefied wood, especially as the liquefied
wood proved to be an effective binder for boron based preservative compounds (Lesar ef al. 2012). To
simplify the experiments, sawdust of black poplar wood was treated with commercial CCB formulations
and afterwards liquefied, instead of Norway spruce wood that was used in our previous research (Humar
et al. 2011). We believe, that as a model, black poplar wood is more convenient than Norway spruce,
as liquefaction of black poplar wood is rather unproblematic.

MATERIAL AND METHODS

In order to avoid uncontrolled influence of weathering, biological degradation and to have defined
material, this research was not performed with the aged impregnated wood. So, instead of using the real
samples from service, our experiments were performed with the model specimens — CCB impregnated
sawdust. Black poplar (Populus nigra L.) wood was used for liquefaction. Sawdust was prepared using
the Retsch SM 2000 laboratory cutting mill and fractionated using a 0.24 mm sieve. The sawdust was
divided into three parts. The first part was not contaminated with CCB (uncontaminated black poplar
sawdust — UBP sawdust). Into the sawdust of the second part, the commercial preservative CCB solution,
prepared from 34.0% CuSO, x 5H,0, 37.3% K,Cr,0, and 28.7% H,BO, (Silvanol, Silvaprodukt,
Ljubljana, Slovenia) was added, to reach low concentration of the biocide (target retention 4 kg/m’, as
used in use class 3 applications) in wood (low retention impregnated black poplar sawdust — LRIBP
sawdust). The third part contained higher concentration (target retention 16 kg/m?, as used in use class
4 applications) of the biocide (high retention impregnated black poplar sawdust — HRIBP sawdust).
Black poplar sawdust was impregnated with the CCB formulation as follows: it was soaked in the
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aqueous solution of CCB for three days in order to achieve uniform distribution and sufficient retention.
The immersed sawdust was mixed two times per day. As wet sawdust is heavier than water, it sank, so
there was no loading necessary. This process enabled uniform distribution of the active ingredients in
the wood. As cross-sections of the sawdust particles are rather small, the volume of the particles was
uniformly impregnated. Thus the material was more homogenous than the ground impregnated timber
would be. Afterwards, the impregnated wood was oven dried at 60°C for 7 days and furthermore
conditioned at laboratory conditions for 14 days to ensure complete reduction of chromium from Cr(VI)
to Cr(III). Concentrations of copper and chromium in the UBP, LRIBP and HRIBP sawdust, and in the
nutrient medium with the highest added amount of HRIBP were determined with the X-ray fluorescence
spectrometer (Oxford instruments, Twin-x). The measurements were performed with the PIN detector
(U=26kV,I=112 pA, t =360 s) on two parallel specimens.

Prior to liquefaction, the UBP, LRIBP and HRIBP sawdust was oven dried (24 h, 103°C). The
liquefaction reaction mixtures were prepared with 4 g of sawdust. Different ratios of ethylene glycol
(EG) as a reagent and sulphuric acid (H,SO,) as a catalyst were used. The ratios between sawdust and
EGwere1:3,1:4and1:5. Portions of the added sulphuric acid were 2, 3 and 4% to the weight of EG.
The reaction times were 8, 15, 30, 45, 60, 75, 90, 105 and 120 min. Different concentrations of EG and
the catalyst was applied to study their influence on liquefaction yield (LY). The liquefaction reactions
were carried out in thin-walled test tubes which were immersed in oil bath preheated to 150°C to start
the reaction. After the selected reaction time the test tubes were immersed in cool tap water to quench
the reaction. The obtained products were then diluted with a mixture of 1,4-dioxane and water (4/1) and
filtered through filter disks (Sartorius filter disks 388 grade/84/mm?). Afterwards, the mixture of water
and 1,4-dioxane was evaporated under reduced pressure obtained with a water pump. Concentrations
of copper and chromium in UBP, LRIBP and HRIBP liquefied sawdust were determined with X-ray
fluorescence spectroscopy, similarly as already described for the concentrations in impregnated sawdust
prior to liquefaction.

Liquefaction parameters used for investigations of fungicidal properties of UBP, LRIBP and HRIBP
liquefied sawdust were temperature 150°C, ratio between sawdust and EG 1 : 3 and 3% of added
sulphuric acid to the weight of EG. Fungicidal properties of UBP, LRIBP and HRIBP liquefied sawdust
were examined with brown and white rot fungi. The brown rot fungi were Gloeophyllum trabeum
(Pers.) Murrill, and Antrodia vaillantii (DC.) Ryvarden. The white rot fungus was Trametes versicolor
(L.:Fr.) Quél. The fungal cultures were grown and maintained on potato dextrose agar (PDA — DIFCO
Laboratories, USA). 39 g of PDA was added into 1 L of distilled water. 20 mL of liquid PDA was added
into test tubes which were closed with aluminium foil. The test tubes were held in an autoclave for 15
min (121°C; 1,5 bar). After that they were brought into a laminar flow where UBP, LRIBP and HRIBP
liquefied sawdust was added (100, 200, 500 or 1000 nL) into still hot and liquid PDA, to achieve uniform
distribution. It was not possible to add higher amounts of the liquefied sawdust containing Cu, Cr and B
because PDA cannot harden when containing too high concentrations of the mentioned elements from the
biocide. In addition, it was expected, that the synergism between biocides and liquefied wood could be
maybe expressed also at lower concentrations. Still hot and liquid mixtures were spilled into Petri dishes
(sterile, plastic, 9 cm diameter) where they were cooled to room temperature. Three parallel samples
per each combination were prepared for each fungi. To perform the growth test, three additional Petri
dishes for each fungi with pure PDA, without liquefied sawdust, were prepared. The Petri dishes were
inoculated with small pieces of fungal mycelia and exposed for 13 days at constant laboratory conditions
(T =25°C, RH = 75%). The cumulative growth was measured from the third day of inoculation. The
measurements of fungal growth in three directions gave us the average fungal mycelia growth per day.
Fungi on pure PDA overgrew Petri dishes in 10 days, and this is why fungal growth reduction was
observed on the 10" day. Nevertheless, some other interesting results were exhibited also during all 13
days of exposing to fungi.
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RESULTS AND DISCUSSION

Liquefaction of CCB containing black poplar wood

Concentrations of copper and chromium in UBP, LRIBP and HRIBP sawdust are shown in table
1. Both elements in UBP sawdust were under detection limit of the X-ray fluorescence spectrometer.
The concentrations of copper and chromium in LRIBP and HRIBP sawdust are in compliance with the

target retention of 4 kg of CCB per 1 m® as used in use class 3 applications and 16 kg of CCB per 1 m?
as used in use class 4 applications.

Table 1. Concentration of copper and chromium in UBP, LRIBP and HRIBP sawdust

Cu Cr
Uncontaminated black poplar sawdust 0* 0%
(UBP saw@ust)
Lov enion mpregmatedack b | 4552725 pm
Highenon smpresnted0ack P | 5314 319

* under the detection limit of 3 ppm for Cu and of 4 ppm for Cr.

Determination of the optimal liquefaction conditions of uncontaminated black poplar sawdust was
studied by Budija ef al. (2009). They used diethylene glycol (DEG) as a reagent and sulphuric acid as
a catalyst. The study showed that almost 100% of sawdust was liquefied if the ratio between sawdust
and DEG was higher than 1: 2. Further increasing of the ratio did not have influence on LY. Our study
with EG showed similar results at liquefaction of LRIBP sawdust, where EG was used as a reagent and
sulphuric acid as a catalyst. In order to determine the optimal liquefaction conditions, three different
ratios between EG and LRIBP sawdust were tested (1: 3; 1: 4; 1: 5), at the fixed concentration of the
catalyst to the weight of EG (3%) and at a constant temperature (150°C) as shown in figure 1.

——Ratio1:3 —&—Ratio1:4 —&—Ratio1:5

100%
90% |
80%
70%
60% |
50%
40%
30%
20%
10%

Liquefaction yield [%]

0 15 30 45 60 75 90 105 120
Time [min]

Figure 1. Liquefaction yield (LY) at the constant concentration of the catalyst to the weight of EG
(3%) and temperature (150°C), dependent on different ratios between EG and LRIBP sawdust.
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Differences in LY were observable only in the first stages of liquefaction, where a higher amount
of EG was needed to achieve uniform mixing of EG with the sawdust. The same was observed by
Budija ef al. (2009). In the last stage of liquefaction, the influence of the ratio between EG and LRIBP
sawdust was not exhibited anymore, as the sawdust was immersed long enough to be completely
wetted and presumably impregnated with the reaction mixture. Because of lower LY in the first stages
of liquefaction reaction where the ratio between EG and LRIBP sawdust was 1 : 3 and no differences
in LY in dependence of the EG to LRIBP sawdust ratio in the last stage of the liquefaction reaction, the
influence of the concentration of the catalyst on LY was studied only at the EG to LRIBP sawdust ratio
of 1 : 4, at 150°C (Figure 2).

—8—2% of catalyst —¢—3% of catalyst —&— 4% of catalyst

100%

90%

X 80%

T 70%
@

S 60%

§ 50%

ﬁ 40%

T 30%
3

g 20%
o |

10%

0%

0 D 30 45 60 75 90 105 120
Time [min]

Figure 2. Liquefaction yield (LY) at the constant ratio between EG and LRIBP sawdust of 1 :
4 at 150°C in dependence of the catalyst concentration.

As can be seen from figure 2, more than 2% of the catalyst according to the weight of EG was
needed to achieve good LY but on the other hand, further increase of the concentration above 3% did
not influence the LY any more.

To check a potential influence of the biocide content in poplar wood on LY, UBP, LRIBP and HRIBP
sawdust were liquefied at the following conditions: the ratio between EG and sawdust was 1:3, the
catalyst concentration was 3% according to the weight of EG and the temperature 150°C (Figure 3).
There were significant differences observed in the initial stages of the liquefaction reaction. The reason
for the lower LY at the HRIBP sawdust at the beginning of liquefaction process could be in rather poor
wetting of CCB impregnated wood by EG. Namely, it is well known, that CCB impregnated wood is
less hydrophilic than uncontaminated wood (Maldas and Kamdem 1998). This was clearly evident at our
experiment as well. Because of acidity of CCB (pH value of commercial CCB formulations is around
3 (Humar et al. 2005) we expected better LY at HRIBP sawdust but the results were not in agreement
with our expectations. In addition, it was presumed that the presence of metal ions in the system will
catalyse the process, but as can be resolved from Figure 3, increased concentrations of copper and
chromium did not result in increased LY.
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—o—LRIBP sawdust  —=—HRIBP sawdust ~ —&— UBP sawdust

100%
90%

Liquefaction yield [%]
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Figure 3. Liquefaction yield (LY) at the EG : sawdust ratio of 1 : 3, 3% of the catalyst to the weight
of EG and at 150°C in dependence of the sawdust type.

Concentrations of copper and chromium in UBP, LRIBP and HRIBP liquefied sawdust are shown in
table 2. In comparison with the data in table 1, the concentrations of copper and chromium in LRIBP and
HRIBP liquefied sawdust were substantially lower than in CCB containing wood prior to liquefaction.
There was 80% and 60% less copper and chromium in the liquefied sawdust, respectively. The most
important reason is the dilution during the liquefaction process, since the ratio between sawdust and EG
was 1: 3. Secondly, liquefaction yields of up to approximately 90% were achieved and some copper and
chromium could remain in the solid residues. Additionally, during liquefaction some volatile products
that evaporate from the mixture during liquefaction are formed (Budija et a/. 2010). It is known that
copper and chromium atoms/ions can form some volatile complexes with organic compounds and these
could evaporate from the liquefaction mixture (Shapcott et al. 1977, Helsen et al. 2007). Formation
of such compounds cannot be excluded also in our case. Elucidation of the mass balance of the heavy
metals should be the topic of future investigations.

Table 2. Concentration of copper and chromium in
UBP, LRIBP and HRIBP liquefied sawdust.

Cu Cr

Uncontaminated black poplar 0* 0*
liquefied sawdust (UBP liquefied ppm ppm
sawdust)

Low retention impregnated black
poplar liquefied sawdust (LRIBP
liquefied sawdust)

High retention impregnated black
poplar liquefied sawdust (HRIBP
liquefied sawdust)

272 ppm 1050 ppm

458 ppm 2405 ppm

* under the detection limit of 3 ppm for Cu and of 4 ppm for Cr.

Although the main focus of the present article is on Cu and Cr in liquefied wood, one may be interested
in what happens with the boron containing compounds during liquefaction of CCB containing sawdust
and could they also have any role in a potential fungal inhibition. On the basis of the data from literature,
three assumptions can be made: (i) volatile complexes of boron with wood polymer fragments and other
compounds in liquefied wood could be formed. Because of the high temperature applied during the
liquefaction reaction, the majority of boron could evaporate from the mixture; (ii) various complexes
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with organic compounds in liquefied wood could be formed; (iii) some part of boron could be eliminated
by evaporation of volatile complexes and the other part could remain in the liquefaction product in
the form of stable complexes. For instance, some borate esters (which could certainly be formed with
some depolymerised fragments of wood components) are well known to be volatile. Even more, such
complexes are well known to be applied as wood preservatives (e.g. Baysal and Yalinkilic 2005). It is
also known that dehydration of boric acid under heat yields some forms of boric oxide depending on
temperature level, and on the other hand, boric acid itself can be vaporised under heat. Similarly, as
written by Kataoka et al. (2008), it is well known that boric acid and its salts sodium tetraborate and
sodium metaborate are all volatile. Especially in acidic media (such as liquefied wood in our experiment)
the volatilities are extremely increased. Volatility of the complexes containing boron was for example
also illustrated by D’Ulivo (2004). Secondly, various boron containing complexes (for the purpose of
wood protection) are mentioned in the review by Obanda et al. (2008). Just as an example, spiro-borate
complexes of derivatised 2-hydroxybenzyl alcohol may react with Cu(II) to form the tetrakis boronato
bis aquo copper II. Penn et al. (1997) report on borate complexes of carbohydrates - the borate complexes
with sugar hydroxyl groups. Borate is also known to form stable complexes with cis-diols (Landers
et al. 1992). As stated by Asad ef al. (1997) a range of substances form chelates with boron, including
polyhydric alcohols, sugars, and phenolic compounds. All in all, the mentioned examples support well
enough our presumptions mentioned under (i)-(iii), but certainly they should be elucidated and potentially
confirmed by additional extensive research of boron complexes in liquefied wood.

Fungicidal properties of liquefied sawdust

Further on, fungicidal properties of UBP, LRIBP and HRIBP liquefied sawdust were determined.
Liquefaction was carried out at 150°C and with 3% of added sulphuric acid. The ratio between EG
and sawdust was 1: 3. Although these were not the optimal conditions in the first stages of liquefaction
(Figure 1), they were used to minimize the influence of non-reacted EG in liquefied sawdust on fungicidal
properties. The higher ratio between EG and sawdust does not have the influence on LY in the last
stage of liquefaction (Figure 1). The fungal cultures were grown and maintained on PDA because we
wanted to draw attention just to the influence of liquefied sawdust on chosen fungi and to avoid potential
interactions between wood and liquefied wood. Reduction of fungal growth due to addition of different
concentrations of UBP, LRIBP and HRIBP liquefied sawdust into PDA was comparable for all 3 fungal
species (Table 3).
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Table 3. Influence of different added concentrations of UBP, LRIBP and HRIBP liquefied sawdust on
growth reduction of Trametes versicolor, Antrodia vaillantii and Gloeophyllum trabeum compared to
fungal growth on pure PDA on the 10" day after inoculation.

Wood decay fungi
: Volume of liquefied Trametes Antrodia Gloeophyllum
Type (\f()l(l)((liueﬁed wood per 20 mL of versicolor vaillantii trabeum
growth medium Growth reduction
100 pLL -0,98% - -3,25%
200 uL -6,83% -17,32% -20,13%
UBP liquefied

sawdust 500 pLL -56,59% -25,59% -67,53%
1000 pL -100,00% -100,00% -93,51%
100 pL -0,98% -18,50% -11,69%
200 uL -14,63% -26,77% -27,92%

LRIBP liquefied
sawdust 500 uL -53,17% - -61,69%
1000 puL -99,02% -96,06% -75,97%
100 uL -6,83% 5,12% -11,69%
200 uL -7,80% -3,15% -31,82%

HRIBP liquefied
sawdust 500 uL -48,78% -8,66% -53,25%
1000 L -68,78% -44.88% -69,48%
Pure PDA 0,00% 0,00% 0,00%

Some interesting results in table 3 are compared further and more clearly shown in figures 4-6.
Figure 4 shows that addition of 1000 uL of UBP liquefied sawdust completely reduced growth of

Trametes versicolor. The growth reduction after addition of 1000 pL of LRIBP liquefied sawdust into
PDA was lower and even less exhibited when 1000 uL of HRIBP liquefied sawdust was added.
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Figure 4. Influence of UBP, LRIBP and HRIBP liquefied sawdust (1000 pL was added per 20 mL
of PDA) on growth reduction of Trametes versicolor.

The same was observed at Antrodia vaillantii (Figure 5), although the observed growth reduction
was not as pronounced as at Trametes versicolor.

&= UBP liquefied sawdust (1000 pl) —==LRIBP liquefied sawdust (1000 pl)
—2—HRIBP liquefied sawdust (1000 pl)=<=Pure PDA
70

60

40

30

20

Cumulative growth [mm]

10

Figure 5. Influence of UBP, LRIBP and HRIBP liquefied sawdust
(1000 pL was added per 20 mL of PDA) on growth reduction of Antrodia vaillantii.

The lowest growth reduction was observed at Gloeophyllum trabeum (Figure 6). Data in Figures 4,
5 and 6, show that the addition of LRIBP and HRIBP liquefied sawdust in general reduced the growth,
but to a much lesser extent than the UBP liquefied sawdust without copper and chromium. So, it seems
that copper and chromium did not reduce the growth but even promoted it, when compared to the effect
of UBP liquefied sawdust containing samples. One may assume that the observed growth reduction at
the LRIBP and HRIBP liquefied sawdust samples was the consequence of the liquefied sawdust itself,
only, especially when its pH is taken into consideration. pH of LRIBP and HRIBP liquefied sawdust
was about 0.8, while pH of UBP liquefied sawdust was about 0,05. This could be one reason why UBP
liquefied sawdust was more fungitoxic than LRIBP and HRIBP. The minimum inhibitory concentration
of copper for Trametes versicolor is 160 ppm and for Gloeophyllum trabeum 640 ppm (Humar and
Lesar 2008). The minimum inhibitory concentration of copper for Antrodia vaillantii is 1600 ppm in
nutrient medium (Pohleven et al. 2001). In table 2 it is shown that the concentration of copper in LRIBP
liquefied sawdust was 272 ppm and in HRIBP liquefied sawdust 458 ppm. In the growth medium with
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the highest amount of 1000 uL HRIBP liquefied sawdust the concentration of copper was only 10 ppm.
This concentration of copper is much lower than the inhibitory concentration for any of our test fungi.

—&=—UBP liquefied sawdust (1000 pl) —==LRIBP liquefied sawdust (1000 pl)
== HRIBP liquefied sawdust (1000 pl)==<=Pure PDA
70

0 o
50 el

40 /
30

Cumulative growth [mm]

Figure 6. Influence of UBP, LRIBP and HRIBP liquefied sawdust
(1000 pL was added per 20 mL of PDA) on growth reduction of Gloeophyllum trabeum.

Figures 7, 8 and 9 show the influence of UBP, LRIBP and HRIBP liquefied sawdust concentration
in PDA on growth reduction of Trametes versicolor, which is the most sensitive one to copper (Humar
and Lesar 2008), as indicated also by our results.

—&—UBP liquefied sawdust (100 pl) —==UBP liquefied sawdust (200 pl)
== UBP liquefied sawdust (500 pl) =s<=UBP liquefied sawdust (1000 pl)

70

60 - ﬁ

50

A f———————————————————————— / — / —
30

20 +

Cumulative growth [mm]

10 +

Figure 7. Influence of different concentrations of UBP
liquefied sawdust on growth reduction of Trametes versicolor.

The concentration of 1000 pL UBP liquefied sawdust per 20 mL of the growth medium (Figure 7)
was high enough to inhibit the growth of Trametes versicolor. On the other hand, Humar et al. (2011)
observed that the “liquefaction” reaction product of ethylene glycol and H,SO,, without wood, reduced
decay, but not enough to fulfil the requirements of the EN 113-2004 standard

It was expected, that LRIBP liquefied sawdust containing CCB could perform better than the UBP
liquefied sawdust, due to the remained biocides. But the addition of 1000 pL of LRIBP liquefied sawdust
was not satisfactory anymore to inhibit the growth of Trametes versicolor (Figure 8). In the last days
Trametes versicolor started to grow.
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Figure 8. Influence of different concentrations of LRIBP liquefied sawdust
on the growth reduction of Trametes versicolor.

Even less fungitoxic to Trametes versicolor was HRIBP liquefied sawdust (Figure 9). Various
studies showed that copper is biocidally inactive in small quantities. Even more, it is an essential trace
mineral for the growth of plants and is generally absorbed in the form of the divalent cation Cu?". It is
incorporated into a large number of plant organic compounds. It is also an enzyme activator and becomes
a component of certain enzymes that function in respiration and photosynthesis processes. Stimulating
effect of cooper on the growth of fungi was observed by Wazny and Thornton (1986).

—&=HRIBP liquefied sawdust (100 pl) ===HRIBP liquefied sawdust (200 pl)
—A—HRIBP liquefied sawdust (500 pl) —s<=HRIBP liquefied sawdust {1000 pl)
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Figure 9. Influence of different concentrations of HRIBP liquefied sawdust
on the growth reduction of Trametes versicolor.

Lower toxicity of LRIBP and HRIBP liquefied sawdust in comparison to the observed fungitoxic
effectiveness of the liquefied sawdust without the biocide indicate that liquefied sawdust, copper and
chromium did not act synergistically and that very probably new chemical complexes (compounds) with
fungitoxic effectiveness were not formed in the liquefied mixtures. Tentatively, some complexes between
Cu, Cr or B and compounds in liquefied wood mixtures could be formed, but if this is the case, they are
without fungitoxic effectiveness or they even lower fungicidal activity of the system.
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CONCLUSIONS

Liquefaction of CCB (Cu, Cr and B) containing wood could be the first step in an elimination
process of metals from waste, post-consumed biocidally protected wood. Therefore, we investigated
the possibility of liquefaction of CCB containing poplar wood and it was proven that CCB (Cu, Cr
and B) containing wood can be liquefied just as successfully as wood without remains of a CCB wood
preservative. However, the presence of the metal ions in the system did not catalyse the liquefaction
process, as exhibited by the same liquefaction yields for wood with and without Cu, Cr and B. Optimal
liquefaction conditions for CCB containing wood are similar to those for uncontaminated wood.

As it was shown by our previous research, that liquefied wood could be an effective binder for boron
based preservative compounds; the possible influence of CCB containing liquefied wood on growth of
wood decay fungi was investigated as well. It was stated, that CCB containing liquefied wood was
less fungitoxic than the wood without Cu, Cr and B. Small quantities of copper in liquefied wood even
stimulated the growth of fungi. One reason for the observed fungicidal influence of liquefied wood
without Cu, Cr and B may originate in its very low pH value.
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