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Table 3. 

Influence of pH 
value of Cu( I/) 
sulphate solution on 
leaching of copper 
from Norway spruce 
samples • Utjecaj pH 
vrijednosti otopine 
bakrovog (//) sulfata 
na izluzivanje bakra iz 
uzoraka od smrekovine 

Figure 1. 

Copper 
ethanolamine complex 
(Zhang and Kame/em 
2000b) 

Table 4. 

Leaching of copper 
(ccu=0, 75%)from 
samples made of 
Norway spruce • 
/zluzivanje bakra 
(ccu= 0, 75%) iz 
uzoraka od smrekovine 

1 1 4  

cording to the standard EN 1 1 3 (ECS 1 989) . 
Then they were left to dry in a closed vessel 
for two weeks, in a half-closed vessel for the 
next, third week, and in an open vessel for the 
fourth week. After drying and conditioning, 
we sealed the encl grains of the samples with 
a two-component epoxy coating. Then we 
put five specimens per each treatment into a 
beaker and positioned them with ballasting 
device. After that, we added 500g of water 
and put a beaker with contents on a magnetic 
stirrer. The water was replaced six times , as 
described in the standard EN 1 250 (ECS 
1 994) . Afterwards, AAS analyses of water 
were performed and percentages of leached 
copper were calculated. The experiment was 
performed in three parallel leaching proce­
dures for each treatment. 

3. RESULTS AND DISCUSSION 
3. REZULTATI I RASPRAVA 

3. 1. Influence of pH on copper(//) sulphate 
leaching 

3. 1. Uljecaj pH faktora na izluiivanje bakar 
(II) sulfata 

pH of a solut ion Copper loss 
pH otop ine Gubitak bakra 

r%7 
1,59 26,2 

2,61 32,9 

3,60 49,8 

4,68 16, 1 

Copper source Copper loss 
lzvor bakra Gubitak bakra 

% 

Copper( I I )  octanoate + 
12,2 ethanolamine 

Copper( I I )  su lphate + oc- 12,6 tanoic acid + ethanolamine 

Copper( I I )  su lphate + 22,2 ethano lamine 

The pH value of a solution bas an im­
portant influence on copper(II) sulphate fixa­
tion and consequently on its leaching . It 
seems that there are two mechanisms of fixa-

tion of copper from a copper(II) sulphate 
based solution .  Copper is not soluble near 
neutral pH values . Therefore, if we treat 
spruce blocks with copper(II) sulphate solu­
tion with such a pH that copper(Il) i s  on the 
verge of solubility (e.g. pH = 4,7), pH of thi s  
solution i n  wood increases insufficient acid ic  
values and copper hydroxide i s  precipitated. 
S imilarly ,  the buffer capacity of wood takes 
a prominent part in changing the pH of the 
preservative solution (Albert et al. 1 999) . 
Copper hydroxide is not soluble in water and 
it cannot leach out of the preserved wood. 
This is well seen from Table 3. The treatment 
of wood with the copper(II) sulphate highest 
pH solution (pH = 4,68) resulted in a signifi ­
cantly reduced leaching o f  copper, compared 
to the leaching of copper from wood impreg­
nated with Cu(Il) sulphate solution with a pH 
value of3 ,60. We presume that the reason for 
this  phenomenon is due to copper precipita­
tion mentioned above. The other reason 
might be a cation exchange. Timber is a week 
cation exchanger and copper reacts by ion 
exchange with acidic groups (Hughes 1 999, 
Humar et al. 200 1 ) . The cation exchange ca­
pacity of wood largely depends on pH of a 
treatment solution. When pH of a solution in­
creases (e.g. from 3,6 to 4,68) ,  more acidic 
groups become dissociated and may be re­
sponsible for additional exchange s i tes and 
thus  more copper can be adsorbed and 
stronger copper complexes were formed 
(Rennie et al. 1 987) .  

The highest leaching of copper was 
found at the samples treated with a solution 
of pH 3 ,60 .  (Table 3). On the other hand, 
lower pH resulted in better fixation . This re­
sult , however, does not correlate with the l i t­
erature data and the above explanations . We 
must say that, for the time being, we are not 
able to explain these results 

3. 2. Influence of octanoic acid on leaching 
of copper from copper ethanolamine 
treated wood 

3. 2. Uljecaj oktankse kiseline na 
izluiivanje bakra iz drva zasti6enog 
bakar etanol aminom 

Water-borne Copper carboxylates are 
considered as the new, promising wood pre­
servatives . The best results were obtained 
with copper(II) octanoate . I t  is a complex of 
copper with a l inear, saturated octanoic acid 
(Pohleven et  al. 1 994) . Copper(II) octanoate 
is not soluble in water, but it dissolves well 
aqueous amine solution.  Cu ions are prone to 
form complexes with ethanolamine through 
amino and hydroxyl groups . I t  is suggested 
that copper in aqueous solution of ethano­
lamine is co-ordinated to two nitrogen atoms 
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and two oxygen atoms as seen from Figure 
1 .  This assumption was well supported also 
by our recent results (EPR, polarimetry, col­
ormetry, . . .  ) (Humar et al. unpublished) . 

The main goal of our leaching experi­
ments with copper/ethanolamine solutions 
was to clarify whether it is reasonable to use 
a presynthesized copper(II) octanoate in the 
copper(II) octanoate - water - ethanolamine 
system, or whether we could achieve the 
same results with a combination of cop­
per(II), octanoic acid and ethanolamine. The 
leaching results showed that there was no sta­
tistically significant difference between 
these two systems (Table 4). In both cases, 
approximately 1 2.5% of copper was leached 
(Table 4) . This is an important result, as we 
could save substantial costs by using these 
components ( copper(II) sulphate and oc­
tanoic acid) instead of synthesised copper(II) 
octanoate. Furthermore, these results con­
firmed an important role of octanoic acid. 
More than 22% of copper was leached from 
the wood treated with a preservative solution 
of copper(II) sulphate and ethanolamine 
without octanoic acid. This i s  almost twice 
more than at the wood impregnated with cop­
per-based solutions with octanoic acid (Ta­
ble 4) . We presume that octanoic acid has a 
hydrophobic effect, or that there are some 
complexes formed between copper, octanoic 
acid and ethanolamine, which influence cop­
per leaching. 

Also, some other results (EPR, po­
larimetry, colonnetry, etc) confirmed our as­
sumption that there is no difference between 
copper(II) octanoate/ethanolamine aqueous 
solution and copper(II) sulphate/octanoic 
acid/ethanolamine containing aqueous solu­
tion. 

Copper/amine based preservatives are 
commercially available products . They are 
introduced as Wolmanit CX, Tanalith E, Im­
pralit KDS ,  Kuproflorin, . . .  These preserv­
atives are now estimated to have sales over 
1 000 tones per year in Europe (Hughes 
1999) . 

4. CONCLUSIONS 
4. ZAKLJUCCI 

One of the biggest disadvantages of 
copper-based preservatives is the fact that 
copper does not get fixed into wood so it can 
be easily leached out. By adding chromium 
the problem can be resolved. As chromium 
is regarded as non-suitable, we wanted to 
find another way for fixing copper. From the 
results presented in the paper, we can con­
clude that amines seem suitable substitutes 
for chromium. According to our results and 
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the quoted li terature, i t  can b e  seen that leach­
ing of copper from copper/amine preserved 
wood is influenced by amine source, pH­
value of the preservative solution , copper 
amine molar ratio, concentration, etc . What 
we have found out is that we can achieve the 
same leaching results with the preservative 
using components copper(II) sulphate and 
octanoic acid ,  instead of synthesi sed cop­
per(II) octanoate in  ethanolamine aqueous 
solution. 
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