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 Background: Urea formaldehyde adhesive is the most used adhesive in the reconstituted 
wood panels sector, because it presents satisfactory performance and low cost. 
However, this adhesive has lower mechanical strength when compared to phenolic 
adhesives. As a result, additives have been sought to improve the characteristics of urea 
formaldehyde adhesives. The nanotechnology development, specifically nanoparticles, 
has contributed to the emergence of a new generation of high performance adhesives. 
Objective: Evaluate the effect of nanoclay addition (Na+ montmorillonite) in 
proportions of 2, 4 and 6% on urea formaldehyde adhesive and its effect on the shear 
strength of the glue line in bonded joints of Eucalyptus sp. Results: The nanoclay 
addition altered properties of the urea formaldehyde adhesive. The increase in the 
percentage of nanoclay caused an increase of viscosity and pH values, contrary 
behavior was observed for the nonvolatile content and gel time. It was observed a 10% 
increase in shear strength in the glue line of the bonded joints when 2% of the nanoclay 
was added. However, the addition of 4 and 6% of nanoclay caused a reduction of 
approximately 5 and 21%, respectively, in the mechanical strength of the bonded joints. 
The adjusted quadratic model presented a high coefficient of determination, indicating 
that the model is adequate to estimate the shear strength in the glue line. Conclusion: 
The panels produced with nanoclay contents above 2%, presented a performance of 
increase of the viscosity, reduction of gelatinization time and reduction of mechanical 
resistance. These changes in adhesive properties, with the addition of montmorillonite 
above 2%, may compromise the wood panels quality.  

 
INTRODUCTION 

 
The use of synthetic adhesives contributed decisively to the development of the wood panels industry, 

allowing the efficient use of low quality wood and wood industry waste. It is estimated that 80% of the currently 
traded wood products use adhesives (Zhao et al., 2011). In developing countries, the adhesive price is very high 
in relation to the total cost of the wood panels, because most of the raw materials for the adhesives production 
are derived from petroleum (Gonçalves et al., 2016). 

The urea formaldehyde adhesive belongs to the amino-resins class. It is the product of condensation 
reaction between formaldehyde and urea, and it is considered one of the most important adhesives in the wood 
industry (Ateş et al., 2013; Belini et al., 2015). The urea formaldehyde adhesive is the most used adhesive in the 
reconstituted wood panels sector, because it presents satisfactory performance and low cost when compared to 
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other commercial adhesives. However, it has less resistance to moisture and there is formaldehyde emission 
over time, as a result of the low stability of the amino-methylene bonds. Therefore, its use is restricted to low 
humidity or internal environments (Roumeli et al., 2012). For applications where higher moisture resistance is 
required, other adhesives are indicated, such as phenol formaldehyde, resorcinol formaldehyde or melamine 
formaldehyde, but they have a higher production cost than urea formaldehyde (Iwakiri et al., 2005). 

The alternatives to solve the low moisture resistance and the formaldehyde emission of urea formaldehyde 
adhesives are modifications in the synthesis methods of the adhesive or the use of additives (Roumeli et al., 
2012). The modification in the adhesive synthesis process is complex and may raise the price of the adhesive 
production process, thus the use of additives is a more viable option. Additives are substances that when added 
to the adhesive can modify their properties, acting as extenders or as fillers. Extenders are derived from starch 
and proteins, with adhesion power, contributing to improve the adhesives viscosity. Fillers are inert substances, 
devoid of adhesion properties, which are added to the adhesives only to increase the adhesive volume and 
reduce cost, without affecting the viscosity of the adhesive, according to ASTM D907-15 (ASTM, 2015). 

The improvement achieved in adhesives by conventional additives still limits their use. Therefore, the 
introduction of nanotechnology may result in new opportunities for timber industry, allowing the generation of 
products that maximize resources and minimize costs (Mohan, 2013). The nanotechnology development, 
specifically nanoparticles, has contributed to the emergence of a new generation of high performance adhesives. 
Several nanoparticles, such as silicates, aluminum oxides and nanocellulose, have been used to increase the 
performance of many wood adhesives (Moya et al., 2015). 

Among the nanoparticles, there is the montmorillonite, a nanoclay of the smectite group. It is abundantly 
present in nature and used as reinforcement material for polymers (Basak et al., 2011). The advantage of 
polymer nanocomposites is that they can exhibit superior mechanical and thermal properties even in low 
quantities. This behavior is due to the strong interfacial interaction between the polymer matrix and the silicate 
layers (Ray and Okamoto, 2003). 

Some researchers have reported the good performance of nanoclays when used as a reinforcing element in 
wood adhesives, obtaining significant gains in resistance, besides increasing the thermal stability (Lei et al., 
2008; Moya et al., 2015). Zhou et al. (2012) found that the addition of Na+ montmorillonite nanoclay to 
melamine-urea-formaldehyde (MUF) adhesive improved their performance in wood particleboard. The small 
percentages of nanoclay added improved the internal bond strength of the panel. Furthermore, the addition of 
Na+ montmorillonite was shown to increase considerably the resistance of the MUF resin to abrasion. Kaboorani 
and Riedl (2011) found in their study that nanoclay impacted the bond strength of polyvinyl acetate with 
different magnitude depending on type and loading. Also, the shear strength of joints at dry state was increased 
by the addition of nanoclay. Li et al. (2015) shown that the shear strength of starch-based wood adhesives in the 
dry state was significantly enhanced by the addition of 5% (w/w, dry starch basis) montmorillonite. Fang et al. 
(2014) found in their study that the montmorillonite reinforced phenol formaldehyde and the strength and 
modulus of elasticity (MOE) of plywood were improved significantly. 

Thus, the objective of this work was to evaluate the effect of Na+ montmorillonite nanoclay addition on 
urea formaldehyde adhesive and its effect on the shear strength of the glue line in wood bonded joints of 
Eucalyptus sp. 

 
MATERIAL AND METHODS 

 
Adhesive preparation: 

The commercial adhesive urea formaldehyde and Na+ montmorillonite (Na-MMT) were obtained by 
donation from Duratex and Colormix, respectively. The nanoclay characteristics were: 

- Moisture content: 4-9%; 
- Density: 2.86 g.cm-3; 
- pH: 9.00 
- Dry particle size: <25 μm; 
- X Ray results: d001= 1.17nm. 
The nanoclay was added to the adhesive urea formaldehyde in the proportions of 0, 2, 4 and 6%, on the 

nonvolatile content of the commercial resin, totalizing four treatments. 
It was added water in the proportion of 2:1 in relation to the nanoclay amount, avoiding the formation of 

granules and aiming for better homogenization. 
It was used ammonium sulfate (NH4)2SO4 as catalyst, in 20% solution. The proportion used was 2% on the 

nonvolatile content of the adhesive. 
 
Adhesive properties: 

The properties of viscosity, nonvolatile content, gel time and pH were measured, for the four treatments. 
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The viscosity was determined according to the American standard ASTM D 1084-97 - method B (ASTM, 
2016), through a Brookfield-LV viscometer, using spindles. The spindle used was number 3, with a rotational 
speed of 12 rpm and a conversion factor of 100, in samples of approximately 150 mL. 

The gelatinization time (gel time) was obtained using samples of 1 g of adhesive from each treatment, 
placed in test tubes of 15 cm in height and 2 cm in diameter. The set of test tube and glass rod was dipped in a 
glycerin bath under stirring at 180 °C. The gelatinization time of each treatment was the time between the test 
tube immersion in the glycerin and the sample hardening, according to ASTM D 2471-99 (ASTM, 1999). 

The nonvolatile content determination was performed according to ASTM D 1490-01 (ASTM, 2013), by 
weighing 1 g of the adhesive sample and drying it in the oven at 103 ± 3 °C, until constant mass. 

The pH of the adhesives was determined by the pH-meter Digimed, model DM-2P, at 25 °C, in adhesive 
samples of approximately 100 mL. 
 
Bonded joints production: 

It was used Eucalyptus sp., aged approximately 10 years, to make the bonded joints.  The wood boards 
dimensions were 40 x 10 x 0.5 cm. The wood boards were conditioned in an oven at 30 °C until reaching 
approximately 8% moisture content, on a dry basis. Each glued joint consisted of two wood boards in which 250 
g.cm-2 of adhesive was applied on a double face, manually, with the aid of brushes and spatulas. 

After the adhesive application, the joints were cold-pressed for 6 minutes and then hot-pressed in a 
hydraulic press INCO type PHC, at 180 °C and 12 kgf.cm-2 pressure for 8 minutes. It was produced 8 bonded 
joints by treatment (0, 2, 4 and 6% nanoclay), totalizing 32 sample units. 

Subsequently, the wood bonded joints were placed in a conditioned room with temperature of 23 ± 2 °C and 
relative humidity of 65 ± 3%, until reaching constant mass, for further shear strength determination. 
 
Shear strength in the glue line: 

The shear strength in the glue line was determined according to ASTM D 2339-98 (ASTM, 2017). The 
specimens were prepared and then conditioned in an air-conditioned room at 23 ± 2 °C and 65 ± 3% relative 
humidity. 

After acclimatization, the mechanical test of shear strength was performed on the glue line in a pneumatic 
shearing test machine Contenco-Pavitest 1.01-0, model I 4230. 
 
Experimental design: 

It was used the Completely Randomized Design (CRD) for the data evaluation. For the adhesives properties 
(viscosity, nonvolatile content, gel time and pH), the Tukey test at a 95% confidence level was established to 
determine whether there was a statistically significant difference between the means. It was adjusted a quadratic 
model between the nanoclays percentages and the shear strength in the glue line. Statistical analyzes were 
performed with the software SISVAR 5.6 and Statistica 12.0. 

 
RESULTS AND DISCUSSION 

 
Table 1 shows the adhesive properties according to the amount of nanoclay added. 

 
Table 1: Mean values of adhesive properties 

Treatment 
(% Na-MMT) 

Viscosity 
(cP) 

Nonvolatile 
content (%) 

Gel time (s) 
pH 

Without catalyst 
With 
catalyst 

0 217    d 62.7  a 203  a 31.7  a 7.59  d 
2 417    c 60.6  ab 156  b 31.0  a 8.35  c 
4 500    b 58.2  bc 131  b 29.0  a 8.52  b 
6 3500  a 56.1  c 96   c 27.7  a 8.74  a 

Note: Means followed by the same letter (columns) show no statistical differences by the Tukey test, at the 5% level of significance. 
 
The adhesive viscosity increased as a higher percentage of nanoclay was added. The viscosity increase may 

be a result of the reaction between the adhesive and the nanoclay, leading to the formation of a complex 
structure and reducing the mobility of the urea formaldehyde chains in the solution (Qi et al., 2016). It is 
observed a relation between the viscosity raising and the nanoclay addition, but an excess of nanoclay can result 
in the absorption of water from the system by nanoclay structure, thus increasing the viscosity (Chang et al., 
2007; Li et al., 2015). Values obtained with the addition of up to 4% of nanoclay are acceptable for both 
plywood and reconstituted panels, above this percentage the increase in viscosity can limit the adhesive 
application. 

The nonvolatile content corresponds to the mass percentage of the nonvolatile material present in the 
adhesive (Almeida et al., 2014). There was a significant reduction in nonvolatile content with the addition of 
nanoclay. The decrease in this property may be related to the dilution in water. 
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The gelatinization time is defined as the time required for the prepolymer to be transformed into a three-
dimensional structure, which can be used to evaluate molecular activity (Zhang et al., 2013). The nanoclay 
addition caused a slight decrease in the adhesives gelatinization time, although no significant differences were 
observed. According to Mahrholz et al. (2009) this behavior can be due to the increment of the interactions 
between the polymer chains of the adhesive with the nanoclay surface. Lei et al. (2008) found that slight 
percentages of Na+ montmorillonite nanoclay could accelerates hardening of a urea formaldehyde resin and it 
could lead to increased water resistance of plywood and internal bond of particleboard. 

The adhesive pH increased as larger proportions of nanoclay were added, due to the basic character of the 
montmorillonite, in which the adhesive produced with 6% of nanoclay presented the highest pH value. It is 
important that the adhesive exhibits pH values ranging from 2.5 to 11.0, since pH above this range may cause 
wood fibers degradation and values below may cause foaming, compromising the adhesive application 
(Carvalho et al., 2016). 

It was observed an increase in the shear strength in the glue line with the addition of up to 2% of nanoclay. 
Above this content, there was a decrease in the mechanical resistance values (Figure 1). The adjusted quadratic 
model presented a high coefficient of determination, indicating that the model is adequate to estimate the shear 
strength in the glue line. 

 
Fig. 1: Shear strength in the glue line for the different percentages of Na+ montmorillonite nanoclay addition. 

 
It was observed a 10% increase in shear strength in the glue line of the bonded joints when 2% of the 

nanoclay was added. However, the addition of 4 and 6% of nanoclay caused a reduction of approximately 5 and 
21%, respectively, in the mechanical strength of the bonded joints. 

This behavior indicates that nanoclay addition above 2% may have resulted in an agglomeration of its 
particles leading to the formation of granules in the glue line. This caused alterations in the urea formaldehyde 
adhesive rheology, producing brittle and less malleable glue line. Thus, the appearance of fissures is favored, 
what is detrimental to the mechanical strength of bonded joints (Ashori and Nourbakhsh, 2009). In addition, 
high levels of nanoclay may have caused a low adhesive penetration into the wood due to the significant 
increase of its viscosity and reduction of the gelatinization time, resulting in the adhesive cure before its 
movement and mobility functions occur. According to Kaboorani and Riedl (2011) the results of shear strength 
measurement suggested that shear strength has high sensibility to uniform dispersion of clay in the polymer, a 
good dispersion of nanoclay in the matrix results in an improvement on the properties of the adhesive. 

As can be seen, the panels produced with nanoclay contents above 2%, presented a performance of increase 
of the viscosity, reduction of gelatinization time and reduction of mechanical resistance. These changes in 
adhesive properties, with the addition of montmorillonite above 2%, may compromise the wood panels quality. 
 
Conclusion: 

The use of nanocomposites leads to a change in mechanical properties in wood panels, even with the 
addition of a relatively low content of inorganic reinforcement. Thus, the results of this study are acceptable 
considering that the low quantity of nanoclay added could be an alternative to improve the wood bonded joints 
performance, as required by the wood panels industry.  

The adhesive viscosity increased as a higher percentage of nanoclay was added. There was a significant 
reduction in nonvolatile content with the addition of nanoclay. The increase in nanoclay proportion in the 
adhesive results in a gelatinization time decrease. The adhesive pH increased as larger proportions of nanoclay 
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were added. The addition of up to 2% Na+ montmorillonite nanoclay resulted in a relative improvement of shear 
strength in the glue line. The nanoclay addition in percentages higher than 2% reduced the shear strength values.  

From this work, it has been shown that Na+ montmorillonite nanoparticles are promising for the 
improvement of the urea formaldehyde adhesive performance and so, further studies to this direction are 
worthwhile. 
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