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The objective of this research was to provide a useful approach of polymer synthesis 
for accelerating the fast cure of phenol-urea-formaldehyde (PUF) resin as wood 
adhesive by optimizing its structure and composition. The PUF resins containing high 
contents of very reactive groups such as para-methylol groups were synthesized by 
reacting methylolurea, phenol, and formaldehyde in the presence of magnesium oxide 
(MgO) as catalyst. The effects of synthesis parameters including F/(P + U), OH/P, 
and MgO/P mole ratios on the structure, composition, curing characteristics, and their 
relationships of PUF resins were investigated. The results indicated that MgO seemed 
to be an efficacious catalyst for PUF resin synthesis and promote its faster cure. The 
increase in the F/(P + U) mole ratio or/and OH/P mole ratio appeared to be beneficial 
for the formation of para-methylol groups and cocondensed methylene linkages 
between phenolic methylol groups and urea units, and for the removal of unreacted 
urea. In case of Catalyst/P mole ratio, an appropriate dosage of added metal-ion was 
very important for synthesizing the high-content reactive groups of PUF resins, 
otherwise leading to the reverse effects. 
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1. Introduction 
Phenol-formaldehyde (PF) resins are obtained in the reaction of phenol and 
formaldehyde in aqueous alkaline solutions. This type of resin has a wide range of 
commercial applications in industrial products such as molding compounds, coatings, 
flame retardants, and wood adhesives [1]. 
A well-known method to modify PF resin is the introduction of urea component 
during or after the resin preparation to synthesize phenol-urea-formaldehyde (PUF) 
resin, in order to reduce the production cost and accelerated cure process of PF resin 
[2–7]. In the past several years, many synthetic methods have been developed to 
prepare low-cost and high-performance PUF resins [5–12]. 
Resol-type PUF cocondensed resins can be prepared by alkaline treatments of the 
cocondensed resins once synthesized by reacting phenol with UF concentrate. Urea 
component addition in PUF resin has lead to additional reactions, additional structures 
and more complicated compositions. These variations in structures and compositions 
had profound influences on the cure characteristics of the resins. Although the 
synthesized PUF resins showed better cure properties especially in cure rate, as well 
as PF resin the ortho-methylol groups of PUF resin took up still the dominant 
proportion in all methylol groups’ contents, which further restricted its cure reaction. 
Several reports also indicate that part of unreacted urea was still present in the PUF 
resin, which needed higher activation energy values to crosslink during the cure 
[9,10]. In general, para-methylol groups react more easily with other functional 
groups at higher rates than ortho-methylol groups during the resin cure. So if the 
proportion of para-methylol groups to ortho-methylol groups was increased and the 
residual amount of unreacted urea was reduced, the PUF resin would cure more 
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rapidly in theory. The cure time significantly influences the productivity and cost for 
the manufacture of resin-based materials. 
 Thus, an increasing cure rate can result in savings for manufacturers. Fraser et al. 
[13] and Huang et al. [14] reported thatbivalent metal ions such as Mg2+ and Zn2+ 
can promote the polymerization of ortho-methylol groups to form the methylene 
linkages by ortho-directing effects and result in more para-methylol groups leave in 
PF resin. In 2009, our research found that Mg2+ can also accelerate the fast cure of 
PUF resin [8]. However, detailed studies on synthesis parameters and its influences on 
chemical structure, composition, and curing characteristics have not been reported in 
the literature. These are very important for the manufacture of resin-based composite 
products. Therefore, based on our earlier research [8,15], this study used magnesium 
oxide (MgO) as catalyst to synthesize PUF resins containing high contents of very 
reactive groups such as para-methylol groups and low residual amounts of unreacted 
urea, in order to make the resin fast cure by optimizing its structure and composition. 
The understanding of the chemistry, structure, and composition will give valuable 
information on reaction mechanism and product application of MgO-catalyzed PUF 
resins. 
In this article, the series of PUF resins were synthesized by reacting methylolurea, 
phenol, and formaldehyde in the presence of MgO as catalyst. The effects of synthesis 
parameters including formaldehyde/(phenol + urea) [F/(P + U)] mole ratio, 
hydroxyl/phenol (OH/P) mole ratio, and catalyst/phenol (MgO/P) mole ratio on the 
structure, composition, curing characteristics, and their relationships of PUF resins 
were investigated by both liquid 13C nuclear magnetic resonance (NMR) and cure 
time test.  
 
EXPERIMENTAL 

APPARATUS REQUIRED: -Glass rod, beakers, funnel, measuring cylinder, 
dropper and filter paper. 

PRINCIPLE: - Phenol formaldehyde resins (PFs) are condensation polymers and are 
obtained by condensing phenol with formaldehyde in the presence of an acidic or 
alkaline catalyst. They were first prepared by Backeland, an American Chemist who 
gave them the name as Bakelite. These are thermosetting polymers.  

Thermosets:- The polymers which on heating change irreversibly into hard rigid and 
infusible materials are called thermosetting polymers. These polymers are usually 
prepared by heating relatively low molecular mass, semi fluid polymers, which 
becomes infusible and form an in soluble hard mass on heating. The hardening on 
heating is due to the formation of extensive cross-linking between different polymeric 
chains. This lead to the formation of a 3-Dimnesional network of bonds  connecting 
the polymer chains. Since the 3D network structure is rigid and does not soften on  
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SCHEME-1: 

 
 

SCHEME 2: 
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Applications: 

Phenolic resins are found in myriad industrial products. Phenolic laminates are 
made by impregnating one or more layers of a base material such as 
paper, fiberglass or cotton with phenolic resin and laminating the resin-saturated base 
material under heat and pressure. The resin fully polymerizes (cures) during this 
process. The base material choice depends on the intended application of the finished 
product. Paper phenolics are used in manufacturing electrical components such as 
punch-through boards and household laminates. Glass phenolics are particularly well 
suited for use in the high speedbearing market. Phenolic micro-balloons are used for 
density control. Snooker balls as well as balls from many table-based ball games are 
also made from phenol formaldehyde resin. The binding agent in normal (organic) 
brake pads, brake shoes and clutch disks are phenolic resin. Synthetic resin bonded 
paper, made from phenolic resin and paper, is used to make countertops. 

Phenolic resins are also used for making exterior plywood commonly known as WBP 
(Weather & boil proof) Plywood because Phenolic resins have no melting point but 
only a decomposing point in the temperature zone of 220 degree Celsius & above. 

Phenolic resin is used as a binder in loudspeaker driver suspension components which 
are made of cloth. 

Sometimes people select phenolic resin parts because their coefficient of thermal 
expansion closely matches that of the aluminum used for other parts of a system, as in 
early computer systems and Duramold. 

The Dutch forger Han van Meegeren mixed phenol formaldehyde with his oil paints 
before baking the finished canvas in order to fake the drying out of the paint over the 
centuries. 

Result & Discussion: 
 
The synthesis of Phenol/Formaldehyde resin is a complicated process that contains 
many kinds of individual reactions including addition and condensation reactions of 
phenol, and benzaldehyde. The addition reactions occur between phenol and 
benzaldehyde,      dimedon, respectively.  
The main reactions are condensation including self-condensation and co-condensation 
of  which contribute to the main structure and the increased polymer chain of 
Phenol/Formaldehyde resin. These reactions are influenced by synthesis parameters 
such as mole ratio of reactants, pH value, and preparation methods. To clearly identify 
the complicated relationships on the functional groups and synthesis parameters in the 
control and KOH-catalyzed Phenol/Formaldehyde resins. 
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