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1. INTRODUCTION
Mechanisms operative within bio-composite materails during heated consolidation interact in three space dimensions
and time as their porous structure is compacted and gains structural integrity. Consequent structure-property
relationships determine product performance. Mechanisms include: 1) heat and moisture transfer with phase change and
within-void vapour convection and diffusion, 2) hygro-thermo-viscoelastic micro-stress accomodation and associated
macro-scale densification [1,2], and 3) thermally driven adhesive polymerization and consequent inter-fibre strength
development. The mechanisms’ interaction has been modelled deterministically with a view to aiding in product
developement and optimization [1,3]. Material property input data measurements include fluid permeability and
tortuosity as functions of material compaction, and non-linear high strain viscoelasticity [4,5,6] as functions of sorbed
cell wall moisture content and temperature (along with thermal conductivity and sorptive characteristics) [6]. Emphasis
is given here to the role of adhesion in the process. Adhesion kinetics data have been measured with the ABES
(Automated Bonding Evaluation System) technique [7], and these data have been incorporated within the simulation
models to yield a 3-D mappings of micro-structural bond strength.
2. BOND STENGTH KINETICS
The rate at which adhesive micro-bonds develop strength within many types of composite material during their heated
consolidation critically influences product structure and industrial manufacturing efficiency [7,8]. Matching the
reactivity of adhesives to processes and material variables requires information on the responsiveness of adhesives to
transient thermal, mechanical, and chemical environments. An overview of the ABES instrument employed here to
measure adhesion kinetics is shown as Figure 1.

Figure 1.The Automated Bonding Evaluation System (ABES) instrument
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2.1. Measurement methods and results
Miniature bonds (commercial UF adhesive with solids content of 65%, catalyzed with 1.25% NH4Cl, applied at 45g/m2, and 0.7mm thick maple
wood, measuring 20mm x 5mm) were formed and tested in the instrument under dynamically controlled conditions of
temperature, pressing load, and time. Bond lines attained target temperatures (+/- 0.8oC) within 6 seconds and, having
reached the pre-selected cure level, were tested within 3 seconds (4MPa/sec loading rate). The derived set of nearisothermal strength development data (Figure 3, left) exhibits nearly linear strength development up to quite high
strength levels, and linear regression was applied to the early stages of cure. The slopes of the regressed lines represent
the bond strength development rates corresponding to the pressing temperatures employed [8]. Plotting these rates
against forming temperature reflects the reactivity of the adhesive-substrate combination (Figure 2, right). Rates of
thermal damage (declines after peak strength attainment) have also been extracted.
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Figure 2.Isothermal strength development plots (left) and regressed rates versus temperature (right)
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2.2. Modeling adhesion mappings in an industrial press
To demonstrate the significance of the measured adhesion kinetics (ABES) data, numerical methods have been used to
estimate the development of bond strength that occurs in an industrial continuous press where internal temperatures
change with time [9] (simulated and mill-validated MDF mat was initially at 9.6% mc, temperature of 40 0C, density of 100 kg/m3, precompressed height of 166 mm, and width of 2.3 m; press with an in-feed radius of 30 m at a speed of 129 mm/s). The predicted cross-sectional
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Figure 3.Cross-sectional temperature (left) and bond strength (right) mappings within the modeled industrial MDF mat
3. CONCLUSION
Adhesion kinetics of a UF adhesive has been evaluated over a temperature range of 95- to 140-oC and the derived data
applied to the changing conditions that occur in an industrial continuous press. Clearly, the scale and topography of the
test bonds does not match the nature of bonding sites in an MDF panel. Predicted spatial mappings must therefore be
interpreted with care. Such predictions are useful when evaluating and comparing the likely behaviour of a range of
adhesive formulations and press operating strategies. Further, the ABES technique may be used to aid in adhesive
development without applying the data to process models. Superimposed on the strength increasing data are the effects
of curing temperature on bond strength maxima and the rate of post-maximum decline. The latter may be attributable to
thermal damage to the polymeric structure of the cured adhesive. Strength maxima also appear to be higher when bonds
are held at low and moderate temperatures for prolonged periods (rather than being cured quickly at high temperature).
This effect may be due to the reported tendency for polymer chain lengthening to be greater at low temperatures (as
opposed to a predominance of 3-D cross-linking which is favoured at higher temperatures [6].

References
[1] A.J. Bolton, P.E. Humphrey, and P.K. Kavvouras. The hot pressing of dry formed wood-based composites. Part
VI. The importance of stresses in the pressed mattress and their relevance to the minimization of pressing time and
the variability of board properties. Holzforschung, 43 (6) pp. 406-410, 1989.
[2] H. Thoemen, C. Haselein and P.E. Humphrey. Modelling the physical processes relevant during hot pressing of
wood-based composites. Part II. Rheology. Holz Roh-Wkst., pp. 125-133, 2006.
[3] H. Thoemen, and P.E. Humphrey. Modelling the physical processes relevant during hot pressing of wood-based
composites. Part I. Heat and mass transfer. Holz Roh-Wkst., pp. 1-10, 2006.
[4] L.J. Gibson, M.F. Ashby, Cellular solids: Structure and properties, Pergamon, Oxford, 1988. ISBN 0-080366607-4.
[5] J.A Davies, Mechanisms of Morphogenesis: the Creation of biological forms. Elsevier, London, 2005. ISBN
13:978-0-12-204651-3.
[6] A.C. Neville, Biology of fibrous Composites: Development beyond the cell membrane. Cambridge Univ. Press,
Cambridge. ISBN 0-521-41051-7.
[7] P.E. Humphrey. A device to test adhesive bonds. US Patent number 5,170,028 (and other patents). US Patent
Office, Washington, DC. USA. 1993.
[8] P.E. Humphrey, Adhesive bond-strength development in pressing operations: some considerations. Proc. First
European Panel Products Symposium, pp. 145-155. Bio-Composites Centre, UWB, Llandudno, Wales, 1997.
[9] H. Thoemen, and P.E. Humphrey. Modelling the continuous pressing process for wood based composites, Wood
and Fiber Science, 33, pp. 78-87, 2003.

p 2/2

