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Long Term Goals / Strategies
� Expand markets for wood products by improving end use performance
� Improve manufacturing processes to maintain cost competitiveness 

Key Objectives
� Correlate wood chemical characteristics such as pH and buffering capacity to panel properties such as

internal bond, static bending strength and water-resistance.
� Help panel manufacturers use alternate species as raw materials by verifying their buffering capacities and

adjusting pressing conditions.
� Help resin suppliers adjust their catalyst systems to overcome negative effect of wood acids on bonding. 

Key Actions and Deliverables

Deliverable Expected Delivery Date

Influence of the duration of storage (interior and exterior) on the chemical properties
of softwood and hardwood species that are commonly used for manufacturing MDF,
particleboard, and OSB panels

April 2002

Influence of heat treatment, location of tree growth, and season of harvest on the
chemical properties of softwood and hardwood species that are commonly used for
manufacturing MDF, particleboard, and OSB panels

Effect of the wood chemical characteristics on the degree cure of UF, PF, and MDI
adhesives

April 2003

Effect of the wood chemical characteristics on bond quality of UF, PF and MDI
adhesives

Improvement of adhesive bond quality through modifying and adjusting wood
surface chemistry, pressing conditions, and adhesive catalyst systems 

April 2004

Status
Continuing project

Partners
Resin suppliers, Panel manufacturers
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Rationale and Potential Impact
Wood surface chemical condition may have a negative impact on adhesive cure and bonding processes where
a pH-sensitive adhesive is used.  In North America, more and more MDF, particleboard and OSB mills are
now using a mixture of softwood and hardwood species in their production and some of these mills are
experiencing difficulties in controlling bond quality.  Some of the variability in bond strength might be
attributed to wood extractives, which are known to vary among different wood species and also by harvesting
season, duration of storage, and time and temperature of drying process. With phenolic resins used in OSB
production, a long pressing time might be required to overcome the neutralizing effect of acids on caustic
catalyst in the resin.  On the other hand, a urea-formaldehyde resin, normally used for particleboard and MDF
production, is acid-catalysed and cannot be used to an optimum state-of-cure in a high pH environment. A
preliminary study at Forintek has demonstrated that wood chemical characteristics are different among seven
wood species examined and have different effects on curing rate and bond quality of a phenolic resin. 

This study will focus on improving the bond quality of MDF and particleboard bonded with UF resins, and
OSB made with PF and MDI resins. Softwood, hardwood and mixture of them will be characterised by pH
value and acid buffering capacity. It is expected that this work will help panel manufacturers improve their
products by (1) reducing resin and panel production costs; (2) overcoming the negative effect of wood surface
chemistry due to variation in wood species; and (3) introducing more wood species as raw materials for the
panel products.

Proposed Approach
� Development of a method for quick determination of wood pH value
� Determination of wood chemical properties as influenced by duration of storage (inside) 
� Determination of wood chemical properties as influenced by duration of storage (outdoors)

Work Completed 2001-2002

Development of a procedure for measuring the pH value of wood

It was reported that a specific type of pH meter with the flat-head electrode could be used to determine the pH
value of solid wood. The objective of this study was to develop a procedure for quick determination of a
strand’s pH value using this type of meter. In this work, freshly cut logs were waferized into strands with a
dimension of 0.025 in thickness x 1.25 in width. The strands with either sanded or unsanded surfaces were
then soaked in distilled water at a water/wood weight ratio of 36; for example, 2.24-g of aspen, 2.17-g of
southern yellow pine, 2.50-g of white birch strands were soaked respectively in 82-ml, 78-ml, and 90-ml of
distilled water.  A 200-ml beaker was used for each wood species and covered with a film and set for different
periods of time (6-192 hours) at room temperature. The pH meter was calibrated with pH 4.00 and 7.00
standard buffer solutions. For each strand, the pH was measured at 5 points over the strand surface. Test
results of average pH are summarised in the following table.
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Table 1 pH values of three wood species measured by a pH meter with flat head electrode
White Birch Aspen Southern Yellow PineSurface

Treatment

Soaking
Time

(Hours) Water Strand Water Strand Water Strand

6 5.91 5.62 5.74
24 5.59 5.41 6.09 5.91 6.24 5.85Unsanded

192 5.17 4.10 6.03 5.20 5.71 5.10
24 6.16 5.72 6.33 5.70 6.12 5.77

Sanded
48 5.65 6.18 5.79

This table shows that in most cases an increase in strand soaking time in the water reduced the pH values of
both strands and water.  Sanding of strand surfaces yielded in lower pH values for aspen and southern yellow
pine after 24-h soaking.  Previous work by Xiang-Ming Wang1 had indicated that, determined by an extraction
method, pH values of white birch, aspen, and southern yellow pine were 4.61, 5.93, 4.63, respectively.  It
seemed that only pH values of aspen were comparable to each other by these two methods. It was also noticed
that reading of pH with the flat head electrode was influenced by strand surface roughness and flatness,
soaking times, pressure applied on the electrode, and stabilisation time prior to reading. It was concluded that,
based on the test results, this method did not seem to be suitable for measuring pH of wood in the form of
strand.

Effect of storage life of wet strands at ambient condition on wood chemical characteristics and bond
quality

The objective of this study was to evaluate how the storage of strands under a wet conditions affect wood
chemical characteristics as ell as mechanical and physical properties of flakeboards made from these
contaminated strands. Information on fungal growth on the strands after 4 weeks is given below.

Types of fungi observed in this study were determined by visual inspection.  Fungi (1)-(4) are moulds and
were identified by their green colour. Moulds only grow on the wood surface without damaging wood
structure and can be removed without leaving permanent marks. Fungus No. (5) not only changes wood
surface colour but also penetrates into wood.  Strength properties are not affected but the change wood colour
permanent.  The pH value of each species slightly increased during the storage.  Fungal growth after 4 weeks
of incubation varied from 5% of the surface for birch (white and yellow) and southern yellow pine to 15% for
aspen, red maple and sweetgum.

A series of flakeboards were made from the following species mix after conditioning of the wood for 0-4
weeks under wet conditions.

(1) 100% Aspen
(2) 50% Aspen/25% White Birch/25% Yellow Birch
(3) 50% Aspen/50% Red Maple
(4) 50% SYP/50% Sweet Gum

Evaluation of mechanical and physical properties of these panels indicated that the storage of strands under
wet conditions did not generally affect the mechanical and physical properties of OSB even after 4 weeks.
Flexural properties and internal bond actually improved for all species mix.  An increase in water absorption
was also noticed for the panels made from 50/50 aspen/red maple and 50/50 SYP/sweetgum strands treated for
4 weeks. This work implies that fungal growth in the early stages may result in some changes in chemistry
wood surface, which in turn, favours bonding of panel with PF resin.
                                                     
1 Study of Adhesive Requirements for OSB from High Density Hardwood (Wang and Wan 2000)
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Effect of outdoor storage life of wood particles outdoors on wood chemical characteristics and bond
quality

The objective of this study was to systematically investigate how environmental conditions (temperature, time,
and humidity) during wood storage affect wood chemical properties (pH and buffering) and consequently UF
resin curing and bond quality.

Three piles of shavings were set up outdoors at the beginning of August 2001. Each pile was set up as a
hemisphere (11 ft in height and 11 ft in diameter), which roughly contained 250 ft3 (7 m3) or 1200 lb (550 kg)
of particles.  To investigate the ageing effects of sunshine and rainfall on wood, one of the piles was protected
with a shelter. Another pile was treated with fungi. The third pile was used as a control without any protection.
Two probes were placed in each pile to record the changes in temperature and relative humidity.  A
temperature probe and a rainfall meter were also setup outside the piles to monitor the weather conditions as a
function of time. The outdoor treatment of particles was ended in the middle of November 2001. The material
from each pile was kept for measuring chemical characteristics of wood and making particelboard and MDF
panel.

A series of particleboard was prepared from the shavings stored outdoors for more than 3 months (August-
November).  Results showed that mechanical properties of panels made from unprotected wood were generally
superior to those of panels made from shavings stored under shelter.  Panels constructed from the interior layer
of the pile protected by bioprotectant showed better MOR and MOE, but poor IB compared to the untreated
shavings; however, all properties of the panels made from the interior layer were lower compared to the
untreated shavings.  The poor performance of the panels made from bioprotectant treated shavings was
probably due to the decreased wood buffer capacity after the treatment with the bio-solution.  This could be
overcomed by properly adjusting UF resin buffer capacity.

Test results on particleboard indicated that the storage of shavings without treatment or protection under wet
conditions at the selected period of time, did not affect the mechanical and physical properties of the panels.
This work also implies that fungal growth in the early stages may modify wood surface properties, which in
turn, favours bonding of particleboard with UF resin.
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Effect of season of harvest on bond quality

The objective of this study was to characterise how wood chemical properties vary as a function of the
harvesting seasons for wood species normally used for OSB, particleboard and MDF panels. Information on
raw material collection is summarised as follows. Chemical characterisation of these wood species is
underway.

Table 3 Wood material collected for chemical characterisation as a function of harvesting seasons and
panel type 

Seasons of HarvestWood
Species
Panel

Species Winter 
(21/12-21/03)

Spring
(21/03-21/06)

Summer 
(21/06-21/09)

Fall
(21/09-21/12)

Aspen Jan.24, 2001 June 01, 2001 Aug. 09,2001 Oct. 18, 2001
White Birch Feb.10, 2001 June 01, 2001 Aug. 09,2001 Oct. 18, 2001
Yellow Birch Feb.10, 2001 June 01, 2001 Aug. 09,2001 Oct. 18, 2001
Red Maple Feb.24, 2001 June 01, 2001 Aug. 09,2001 Oct. 19, 2001
SYP Jan.30, 2001 May 08, 2001 Aug. xx, 2001 Oct. xx, 2001

OSB

Sweet Gum Jan.30, 2001 May 08, 2001 Aug. xx, 2001 Oct. xx, 2001
Jack Pine Feb.xx, 2001 Sept.13,2000 Nov.xx, 2001
Black Spruce Feb.xx, 2001 Sept.13,2000 Nov.xx, 2001
White Spruce March 17, 2001 June 01, 2001 Aug. 09,2001 Oct. 19, 2001PB

Balsam Fir March 17, 2001 June 01, 2001 Aug. 09,2001 Oct. 19, 2001
Jack Pine Feb.xx, 2001 Sept.13,2000 Nov.xx 2001
Black Spruce Feb.xx, 2001 Sept.13,2000 Nov.xx, 2001
White Spruce March 17, 2001 June 01, 2001 Aug. 09,2001 Oct. 19, 2001MDF

Balsam Fir March 17, 2001 June 01, 2001 Aug. 09,2001 Oct. 19, 2001


	Long Term Goals / Strategies
	Key Objectives
	Key Actions and Deliverables
	Status
	Partners
	Rationale and Potential Impact
	Proposed Approach
	Work Completed 2001-2002

