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Abstract: Urea formaldehyde adhesives were synthesized at different pH values (2-10), 

and the viscosity, gel time, adhesive strength and solid content were evaluated. The 

specific viscosity generally decreased with increased pH with the least at pH 7. The gel 

time showed rapid decrease in strong acid conditions, pH 2-4.5, then an increase with a 

maximum at pH 7 and a general decrease in the alkaline condition. The solid content was 

independent of pH. The adhesive strength was the highest at pH 5 and 8, and the least at 

pH 7. The implication of these results is discussed with respect to the performance of the 

adhesives on different adherends. 

Keywords: urea formaldehyde adhesive; pH; effect; viscosity; gel time; solid content; 

adhesive strength; adhesive. 

 

1. Introduction 

Polymerization of urea and formaldehyde under mild alkaline condition yields low molar mass 

methylol urea derivatives, which are further polymerized under acidic condition into infusible solid 

materials (UF plastics) [1,2]. During the preparation, the UF polymer passes from low vicious solution 

into an adhesive paste before forming a solid infusible polymer network [3]. Thus, there is a range of 

variation of the properties of the UF resin made under the alkaline and acidic conditions and this 

affects application of the UF resin as an adhesive. The adhesive should spread easily on the bonding 

surface, and should also have ability of bonding two solid adherends together, and the adhesive should 

cure and solidify in a short time to acquire some physical characteristics similar to those of the 

adherends, hence forming a useful joint capable of transmitting stress from one adherend to another 
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[4]. It is then necessary to know how the pH of the reaction mixture affects the properties and 

performance of the resultant UF polymers used as adhesive. In order to study these effects, different 

samples of UF adhesives were synthesized at different pH values of 2, 3, 4.5, 5, 7, 8, 9 and 10, and 

their properties and performance on different adherends were evaluated. 

2. Materials and Methods 

2.1. Chemicals 

The chemicals urea, formaldehyde, ammonia, ammonium chloride, sulphuric acid and sodium 

hydroxide used for the experiments were of the general purpose grade and were bought from the 

chemical stores in Uyo.  

2.2. Preparation of Adhesives  

The method of preparing UF resins (adhesive) reported by Vogel [5] and Oss [6] are complex 

and requires the use of expensive apparatus and a long time in the dismantling of the system before 

removing an aliquot amount of the reaction mixture for property evaluation. Therefore, a simple 

apparatus consisting of an open glass beaker and a stirrer was used in these experiments. UF adhesive 

was prepared from urea and 40% aqueous formaldehyde at pH of 2, 3, 4.5, 5, 7, 8, 9 and 10 using 

aqueous ammonia, 10% NaOH and 0.5 M H2SO4 solutions in adjusting the pH. The method reported 

by Vogel [5] was used in the open glass beaker. The liberated water in the system was removed by 

direct heating to evaporation. Further heating turned the product into an adhesive paste. Then heating 

was topped and the haste transferred to a container which was made air tied with a cover. 

The recommended laboratory method of preparing UF adhesive requires the use of reflux and a 

distillation set up [5]. This apparatus was found cumbersome and time consuming during pH 

adjustment, as it involves the removal of the reflux system at each time the pH was to be adjusted and 

rearrangement for further distillation of the by-product (water) [4]. In the open beaker procedure the 

adjustment of the pH was easily and conveniently carried out by dipping a stirrer into the reaction 

mixture and placing a drop of the reaction mixture on the graduated pH paper to determine the pH 

while the solid content was determined by direct heating of a known quantity of the reaction mixture at 

100 oC to evaporate the by-product, water. This method was simple enough for demonstrating UF 

adhesive preparations to students.   

2.3. Characterization of the UF Adhesives  

The solid content of the adhesive was determined by heating a known weight of the adhesive 

sample at 100 oC until a residue of glassy solid was obtained, it was then weighed [7]. The gel time 
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was determined at a temperature of 95 oC in presence of ammonium chloride and a trace of water. 

Adhesive strength on paper/wood, paper/glass and paper/concrete wall adherends, gummed by 

smearing a light film of the adhesive treated with ammonium chloride as curing agent on the surface of 

the adherends, was assessed qualitatively while that of paper/paper adherends was assessed 

quantitatively by measuring the peeling (adhesive) strength from the spring balance. The viscosity was 

determined relative to the viscosity of 40% sucrose solution using burette flow rate method.  

3. Results and Discussion 

3.1. Properties of UF Adhesive  

Table 1 shows the variation of the pH with the solid content, specific viscosity, gel time and the 

adhesive strength of the UF adhesive prepared at pH 2 – 10. The solid content of each adhesive 

preparation was high (> 90%). The specific viscosity of the adhesive decreases with the acid pH and 

minimum value was obtained at pH 7. The gel time shows rapid decrease in strong acid (pH 2-4.5) 

conditions, then an increase with a maximum at pH 7, and a general decrease in the alkaline condition. 

The adhesive strength for the paper adherends shows high values at pH 5 and 8, and the lowest at the 

neutral pH 7.  

At pH 5 the trend is that the gel time is increasing with pH but the viscosity is decreasing while 

at pH 8 the specific viscosity is highest under the alkaline conditions and the gel time is decreasing 

with increasing pH. From these observations, there must be a compromise between gelation and 

viscosity of the UF preparation for it to act as an adhesive. UF resin as a suitable adhesive can 

therefore be prepared at the pH between 5 and 6 in the acidic condition and between 7.5 and 8.5 in the 

alkaline condition. The opposing effects of gelation and viscosity limits the tendency to crosslinking 

action and the spreadability of the adhesive at these pH ranges otherwise rapid crosslinking would 

make the adhesive become infusible solid, unable to flow and spread on the adherends for ease of 

bonding.  

 

Table 1. Variation of solid content, viscosity, gel time and adhesive strength with pH 

Sample A B C D E F G H 

pH of Sample  2 3 4.5 5 7 8 9 10 

Solid Content (%) 91.63 90.75 92.2 90.29 96.50 90.60 92.20 91.19 

Specific Viscosity a  22.0 21.8 17.1 15.4 2.0 7.6 5.0 2.3 

Gel Time (min) 80 51.5 20.0 40.0 62.3 44.0 23.5 16.0 

Adhesive Strength b  2.73 2.79 2.5 2.94 2.07 2.91 2.55 1.38 

Note: a Relative to 40% glucose solution; b Paper/paper (N).  



Int. J. Modern Chem. 2012, 2(1): 15-19          

 

Copyright © 2012 by Modern Scientific Press Company, Florida, USA 

18

This tendency can be explained in terms of separation of charges or double layer tendency due 

to the excess positive or negative charges in the colloidal system of UF adhesive. At pH 7 the charges 

are neutralized and the UF resin loses its tendency to behave as adhesive but with the presence of 

moderate excess positive charges (H+) in the acid pH and moderate excess negative charge (OH-) in the 

alkaline pH, the UF resin as a whole is able to bind two adherends while maintaining their intra-

molecular bonds. On the other hand, at very low pH the crosslinking reaction dominants and the 

resultant UF polymer should have very high molar mass and results in formation of solid polymer 

initially moldable solid but ending in infusible hard plastics. In the high pH of the alkaline condition, 

the tendency is the formation of larger molecular methylol urea derivatives with low crosslinks, hence 

a more plastic solid incapable of bonding with the adherends. Thus, at low pH and high pH (alkaline) 

the UF resins are not suitable for adhesive preparation but are functional adhesives at mildly acidic and 

mildly alkaline pH [8]. 

This deduction was further tested by using the adhesive preparation on different adherends. The 

result is shown in Table 2. The adhesive preparation at pH 5 and 8 were quite good for bonding 

paper/wood. Very poor means that very little or no bonding was achieved on the surfaces. Cases where 

a little bonding, seem to be achieved, mere touching of the paper readily detaches it from the substrate 

to which it was meant to be bonded to paper/concrete wall adherends while the preparation at the pH 8 

was also good for paper/glass adherends. 

 

Table 2. Qualitative comparison of adhesive performance of different adherends of UF adhesives 

Types of Adherends 
pH Values of Samples  

2 3 4.5 5 7 8 9 10 

Light paper and wood  

Light paper and glass  

Light paper and wall 

Cardboard paper and wood  

Cardboard paper and wall 

P 

P 

P 

P 

P 

G 

P 

F 

G 

G 

P 

P 

P 

F 

F 

V.G 

F 

G 

V.G 

V.G 

V.P 

P 

P 

V.P 

V.G 

G 

G 

G 

V.P 

G 

F 

P 

P 

G 

F 

P 

P 

P 

P 

P 

Note: V.P = Very poor; P = Poor; G = Good; F = Fair; V.G = Very Good.  

4. Conclusions 

This study shows that the urea formaldehyde resin can be prepared at mild acidic and alkaline 

conditions (pH 5 and 8) for use as an adhesive. The experimental results show that such preparations 

have high adhesive strength, high solid content (> 90%), moderate gel time and moderate specific 

viscosity, enough for it to spread on the surface of the adherends and set in a short time to bond the 

adherends strongly. The open vessel reactor was found suitable and may be adopted for small-scale 

industrial preparation. 
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