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Bonding of wood today is one of the most important joining techniques in timber construction and al-

lows constructions to be built that would otherwise only be feasible with stronger materials such as steel or 

reinforced concrete. In times of limited natural resources, wood, as a renewable resource, is becoming more 

and more important for constructors, architects and engineers, due to its material specific advantages, such as 

its high strength to density ratio along with its positive eco-balance. 
Since the evolutional development of wood does not _t engineering demands in all cases, solutions must 

be found to optimize the material for civil engineering. The invention of glulam by Otto Hetzer in 1906 was a 
milestone for structural wood construction. Due to bonding, it was possible to improve the properties of the 
material signi_cantly by grading and removing defects to apply the strength properties to full capacity. 

Apart from wood, the adhesive is the second integral component. During Hetzer's time, one relied on 
high class casein adhesives made from acid milk casein, which was added with calcium compounds. This bio-
logical adhesive is interesting from an ecological view, however it is not resistant against moisture and there-
fore not capable of resisting delamination loads. Synthetic resins, such as phenol-resorcinol-formaldehyde 
(PRF) and melamine-urea-formaldehyde (MUF), which furthermore can be cost-e_ciently produced from pe-
trochemical raw materials, quickly replaced biological adhesives and are currently the most used adhesives for 
the bonding of timber. 

In the late 1980's, a new type of reactive adhesives based on polyurethane was developed and intro-
duced on the local market. The polymerization of polyurethanes goes back to developments made by Otto 
Bayer in 1937. By using polyurethane as an one-component adhesive, isocyanateterminated polyurethane-
prepolymers react with water from the substrate or the surrounding air humidity. Thus the system is complete-
ly di_erent to water-based polycondensation adhesives 

such as urea-, melamine- or phenol-resin in that they include water as a solvent and use an additive har-
dening component for curing at room temperature. 

Even though one-component polyurethane (1C PUR) exhibits favorable characteristics, such as its duc-
tile material behavior or its modi_ability in terms of reactivity and viscosity, de_cits existed regarding its 
thermal stability in comparison with PRF or MUF. In the past, the resistance of 1C PUR in a re situation has 
been doubted. As a result, research facilities, standardization organizations and the industry have strived to-
wards developing new standards and test methods. 
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The developed tests partly require that the adhesive must perform equally or better than the bonded 
wood. 1C PUR adhesives, developed in the 1990's, were not able to pass these tests. 

Knowledge regarding the thermal resistance of wood bonding with 1C PUR was limited and available 
publications on the topic were mostly based on commercially available adhesives without knowledge of the 
chemical composition. Due to this lack of suitable data, a research project by the adhesive producer Purbond in 
Switzerland and the raw material producer Bayer MaterialScience in Germany together with the Wood Physics 
Group of the Institute for Building Materials at ETH Zurich, was initiated to increase the state of knowledge of 
bonding with 1C PUR. Within this dissertation, basic investigations on the structure-property relationships of 
onecomponent moisture-curing adhesives under thermal load were initiated to create a basis for new develop-
ments by the adhesive producers. 

About 10 years ago the majority view regarding the thermal stability of 1C PUR adhesives was as a dis-
qualifying characteristic for its use in structural applications. Publications by di_erent authors presented results 
of adhesive tests at elevated temperatures, which revealed de_cits in the adhesive strength compared to poly-
condensation resins, such as PRF or MUF for example. 

However, investigations within this thesis clearly showed that a one-sided view on this type of adhesive 
can not su_ciently answer the question if polyurethane adhesives in general are appropriate for use in structural 
applications at elevated temperatures. The di_erentiated view on prepolymers, which are the basis for the ap-
plication oriented adhesives, reveals that as a result of the wide variety of PUR chemistry, a wide variety in the 
resulting properties is also possible. 

By systematic modi_cation of the hard segment content and the cross-linking of the prepolymers, the 
thermal stability could signi_cantly be increased. 

In the further formulation of the adhesives it could be shown that the use of selective types of inorganic 
and organic eller materials also signi_cantly improved the thermal stability of 1C PUR adhesives. These end-
ings were directly incorporated into the ongoing development of new products of the adhesive producers. The 
new standard for adhesive testing at elevated temperatures in the USA (ASTM D 7247, 2007), which requires 
a thermal stability of the adhesive that is higher than that of wood, close to its ignition temperature, was in fact 
a hurdle on which previous polyurethane systems failed. This thesis contributed to the development of a new 
generation of 1C PUR adhesives that are able to outperform the thermal stability of wood as measured by the 
aforementioned standard and pass the test. 

From the scientic point of view the thesis provides endings in the special held of 1C PUR adhesives for 
structural applications of engineered wood products that have not been previously published and therefore ex-
tends the knowledge of adhesives directly. Furthermore, results of previous publications have been partly re-
con_rmed, however, some generalized statements regarding the thermal stability of 1C PUR adhesives have 
been disproved or revised. The close collaboration between the raw material producer Bayer MaterialScience, 
the adhesive producer Purbond and the wood physics group at ETH has enabled a scientic process that other-
wise would hardly be possible. 

From these perspectives, the thesis provided a valuable contribution to the development of 1C PUR adhesive 
for structural applications on the one hand and to the wider usage of the natural recourse of wood on the other. 

 

 

  


