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BONDING OF PINE WOOD PROTECTED WITH VARIOUS PRESERVATIVES

Marek Jablonski, Marcin Zbiec
Warsaw University of Life Sciences – SGGW, Poland

Research describes possibility of gluing wood preserved with simple bio and composite bio-fire preservatives.
Mechanical strength of the final product should not be impaired by any preservation from the environmental threats or
fire hazard. Ecologically important product lifetime and safety to human life consist of three mentioned factors. Influ-
ence of preservatives applied before and after gluing is described.
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Introduction
In building industry, especially in dwelling branch

lots of constructional wood and wood-based materi-
als is used. Ecology-wise, product made of wood
should have sufficient lifetime, extremely important
in saving precious material and forest resources which
become lately less and less renewable. These mate-
rials are exposed to fungi, pests and sometimes fire.
Staining fungi, causing bluish, grey or black tarnish
depreciate quality and decorative value of wood. Fungi
growth are caused mainly by inappropriate climate
conditions, which are usually impossible to avoid. It
is purposeful to protect them with bio and fireproof-
ing preservatives, improving building and residents
security. Protection of glued wood materials can be
performed after gluing, or raw material may be pro-
tected before gluing into wood composites, beams,
plywood etc. Research aims at determination of pro-
tection influence on shear strength of bonds made
varoius waterproof glues

Research objective
Research determines influence of wood preser-

vation on shear strength of selected synthetic glue
bonds. For comparison reasons shear strength of
bonds in unprotected wood was also tested.  Preser-
vatives applied to the wood were chosen from the
most commonly used blue stain and multipurpose bio-
fire treatments. For blue-stain treatment preserva-
tive named Xps and for fireproofing agent Firesmart
Bio P/Po� were chosen for tests.

For simple bio protected gluability tests 2 mm
pine veneers of 460 kg/m3 density were immersed
in 7% preservative solution for one minute. Treated
veneers were seasoned down to 8% humidity con-
tent and then glued accordingly to technical require-
ments of selected glues.

For gluing tests three waterproof type glues
were selected: phenolic-formaldehyde, polyvinyl ac-
etate, melamine-urea-phenolic-formaldehyde .Urea-
formaldehyde glue was used for dry conditions. UF
and PVAC glues did not properly bond impregnated
veneers, probably because of high preservative alka-
linity (pH around 13). To lower pH, impregnated ve-
neers were treated with 1% oxalic acid, conditioned,
and then glued with mentioned glues. After 4 week
seasoning glued packets were cut into strength test-
ing samples.

For multi-purpose bio and fire-proofing treat-
ment different procedure was chosen, as building
construction works undergo preservation before glu-
ing or after gluing directly on building site. Veneers
were then split into two parts: first part after hu-
midifying up to 28% was treated twice with
Firesmart Bio P/Po� by brushing, then conditioned down
to 9% moisture content and glued on the hydraulic
press. Second part was glued with the same techno-
logical regime, and then went thru protection proce-
dure as mentioned above and after 4-week condi-
tioning cut into test samples.

Results of gluability tests of  bio-preserved wood
is shown in table1

Glue type 

Average shear 
strength in 

natural wood. 
[N/mm2]

Standard deviation 
[N/mm2]

Variation 
[%]

Average shear 
strength in 

treated wood 
[N/mm2]

Standard 
deviation 
[N/mm2]

Variation 
[%]

urea-formaldehyde 6,1 0,27 4,4 0,0 - - 
urea-formaldehyde 
(dealkalized wood) 6,1 0,27 4,4 3,3 0,34 10,3 

phenolic formaldehyde 6,8 0,33 4,8 5,7 0,46 8,1 
phenolic formaldehyde 
(dealkalized wood) 6,8 0,33 4,8 6,5 0,21 3,2 

PVAC 6,4 0,41 6,4 0,0 - - 
PVAC (dealkalized wood) 6,4 0,41 6,4 5,6 0,26 4,6 
melamine-urea-phenolic-
formaldehyde 5,9 0,26 4,4 4,8 0,42 8,8 

melamine-urea-phenolic-
formaldehyde 
(dealkalized wood) 

5,9 0,26 4,4 5,4 0,32 5,9 

Table 1. Shear strength of glue bonds in with blue stain and mould treated and natural wood
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Results of gluability tests of  bio and fire-pre- served wood is shown in table2

Table 2. Shear strength of selected glue bonds in pine wood impregnated before gluing with
FIRESMART Bio p/po�*).  and in unprotected wood

From glues tested only phenolic-formaldehyde
and melamine-urea-phenolic-formaldehyde resins got
satisfactory results with bio-preserved wood. Ob-
tained results around 84% of shear strength in natu-
ral wood for phenolic-formaldehyde resin and 82%
with melamine-urea-phenolic-formaldehyde resin are
acceptable. Urea-formaldehyde and polyvinyl-acetate
glues did not manage to bond high pH surfaces, treat-
ment with 1% oxalic caused increase to  55% for
urea-formaldehyde resin and 88% for PVAC. Urea-
formaldehyde and melamine-urea-phenolic-formalde-
hyde resins bonds increased up to 95% and 91%
respectively.

Impregnation of ready glued packets showed
good results. Bonds of urea-formaldehyde glue in
impregnated wood were 5% stronger than in control
samples. Results gained with phenolic-formaldehyde
glue were even better with 17%. gain. Improvement
of bonds in impregnated wood can be caused by pre-
servative affecting glue in a manner similar to hard-
ener. Less spectacular results were achieved for
polyvinyl-acetate and melamine-urea-phenolic-form-
aldehyde glue, with strength dropping by 22% and
13% respectively.

Shear strength in wood previously impregnated
with mentioned preservative and then glued noticed
an insignificant drop. For urea-formaldehyde and glue
by 15%, phenolic formaldehyde and melamine-urea-
phenolic-formaldehyde by 17% and a bit more for
polyvinyl-acetate glue by 25% (similarly as for pres-
ervation-after gluing test).

Conclusion
1. Phenolic-formaldehyde and melamine-urea-

phenolic-formaldehyde resins glue pine veneer treated
with Xps bio-preservative without additional proce-
dures.

2. Urea-formaldehyde and polyvinyl acetate
glues require neutralization of basic surfaces of pine
veneer with Xps preservative with diluted acid, pro-
cedure increases strength of all glues tested

3. Urea-formaldehyde, polyvinyl acetate,
melamine-urea-phenolic-formaldehyde and phenolic-
formaldehyde glues can be used for gluing of
Firesmart Bio P/Poz impregnated wood and can be
impregnated with the above preservative after glu-
ing, best results are achieved for preservation of
ready-made elements.

Glue type 

Average shear 
strength in 

unprotected 
wood 

[N/mm2]

Standard deviation 
[N/mm2]

Variation 
[%]

Average shear 
strength in 

protected wood 
[N/mm2]

Standard 
deviation 
[N/mm2]

Variation 
[%]

urea-formaldehyde 
(impregnation before 
gluing)

5,9 0,30 5,1 5,0 0,43 8,6 

urea-formaldehyde 
(impregnation after 
gluing)

5,9 0,30 5,1 6,2 0,56 9,0 

Phenolic-formaldehyde 
(impregnation before 
gluing) 

5,4 0,36 6,7 4,5 0,35 7,7 

Phenolic-formaldehyde 
(impregnation after 
gluing) 

5,4 0,36 6,7 6,3 0,53 8,4 

PVAC 
(impregnation before 
gluing) 

5,5 0,43 7,8 4,2 0,16 3,8 

PVAC 
(impregnation after 
gluing) 

5,5 0,43 7,8 4,3 0,36 8,4 

melamine-urea-
phenolic-formaldehyde 
(impregnation before 
gluing) 

5,9 0,26 4,4 4,9 0,31 6,3 

melamine-urea-
phenolic-formaldehyde 
(impregnation after 
gluing) 

5,9 0,26 4,4 5,1 0,26 5,1 


