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Abstract: 

The use of residues from human activities has been currently gaining ground in the 

national and international markets, aiming toward the production of more sustainable 

materials that are less aggressive to the environment. Reusing and adding value to new 

products has also become an important factor in reducing production costs and the best 

alternative for this is process optimization. The choice for residual balsa wood was due 

to its rapid growth and low density, as well as for its ease of engineering and determining 

the ideal amount of resin for different types of panels. This study aims to investigate the 

influence of the content variation of castor oil-based polyurethane resin on the physical 

and mechanical properties of OSB board particles made from residual balsa wood in 

reforestation areas. The panels were produced with 8, 10, and 12 % commercial castor 

oil-based polyurethane resin and 9 mm long particles; their physical and mechanical 

characterizations followed international normative recommendations. The results 

indicated that the panels with resin contents higher than 10 % reached the minimum 

regulatory requirements for type 2 OSB panels, suitable for structural application. On the 

other hand, the panels produced with 8 % resin reached the minimum requirements for 

type 1 OSB panels, suitable for non-structural use by the furniture industry, such as 

linings and partitions. Therefore, our study concludes that the variation of resin contents 

for OSB panels of residual balsa wood allowed us to achieve optimal levels for the use of 

castor oil-based polyurethane resin, reaching minimum values recommended by 

regulations for OSB panels type 1 and 2 and a great possibility of application of this 

product for engineered materials. 
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Introduction 

 

 

Aiming at reducing the pressure on the environment and contributing to the promotion of 

sustainability in industrial processes, particle boards (among them, OSB panels - Oriented 

Strand Board) with residual forest biomass agglomerated with organic resin are being 

consolidated in the market as alternatives to various applications, such as linings and 

partitions for the furniture industry (Surdi 2015), as well as being used in construction, in 

applications such as floorings and sealing. 

The residual balsa wood from reforestation regions has a rapid growth rate, ready for use 

within 4 to 5 years, whereas the commercial trees (Pine and Eucalyptus), which are used 

by the plywood industry, demand approximately 8 to 12 years. Moreover, Balsa wood 

has a low apparent density, around 200 kg/m3, compared to Pine and Eucalyptus, which 

reach 600 to 800 kg/m3 values. This low density is essential for its easy handling, allowing 

it to be engineered into panels of specific density. 

Some recent studies have investigated OSB panels produced with balsa wood residue 

from reforestation, agglomerated with organic resin (Barbirato et al. 2019, Barbirato et 

al. 2018, Campos Filho et al. 2021, Hellmeister et al. 2021, Lopes Junior et al. 2021, 

Soriano et al. 2021). All these studies, however, used resin contents higher than 11 %.  

Lopes Junior et al. (2023) developed OSB panels of Balsa wood waste with castor oil 

polyurethane resin incorporating 1 % to 3 % of the resin mass of aluminum oxide (Al2O3) 

microparticles to enhance the physical and mechanical performance of the OSB panels. 

The authors produced panels with a medium density (650 kg/m3) and 13 % of resin 

content. The results indicated that the OSB panels with 2 % Al2O3 presented an increase 

in physical and mechanical properties (accelerated aging and internal adhesion). 



 

 

Martins et al. (2023) also studied OSB panels with Balsa wood waste however, the 

authors studied another geometry (sandwich with undulated core), which is another type 

of material but the faces of this sandwich panel used OSB flat panels. The authors 

produced OSB panels with low density (550 kg/m3) and 13 % castor oil polyurethane 

resin content. The physical and mechanical results for OSB flat panels indicated lower 

values when compared to other studies. Both recent studies produced OSB flat panels 

with 13 % resin content which is higher in comparison to the wood panel industry. 

The wood panel industry often uses urea-formaldehyde and phenol-formaldehyde resins, 

and the reported resin contents are less than 10 %. The main objective is achieving a lower 

resin content while meeting the normative recommendations. Notably, the wood panel 

industries in countries with wood supply use only the trunk of trees. To produce OSB 

panels, however, it is possible to use residues, such as chips, logs with imperfections 

(nodes and bark), and low-quality wood. This practice allows for a sustainable destination 

for this material, adds value to this new product, contributes to the reduction of the 

environmental impact caused by the disposal or burning of this raw material, and 

incorporates the product into the circular economy of the timber sector. 

The novelty of this study is in the reduction of castor oil-based polyurethane resin 

contents in the production of OSB panels of residual balsa wood to approximate the 

contents used commercially, presenting the physical and mechanical performance as well 

as the anatomical characteristics of this new product. This reduction in resin content seeks 

a more sustainable alternative, since the wood comes from reforestation, and presents a 

more economical alternative since the amount of resin used is lower when compared with 

percentages greater than 12 %.  

Therefore, this study aims to investigate the influence of the variation of castor oil-based 

polyurethane resin content on the physical and mechanical properties of OSB particle 



 

 

panels made of residual balsa wood from reforestation areas, with a density of 650 kg/m3 

(density used commercially for OSB panels), agglomerates with low contents (8, 10, and 

12 %) of castor oil polyurethane resin (phenol-free). The mechanical characterization of 

these flat OSB panels, for possible applications in both the furniture and construction 

business, follows the minimum recommendations of the EN 300 (2006). 

 

 

Materials and methods 

 

 

Production of OSB panels of residual balsa wood (RBW) 

 

 

OSB panels were produced from balsa wood waste from reforestation regions (SisGen 

A4206B8), i.e.: 1- Balsa wood residue (woodchips) was processed in a wood chipper 

(Marconi brand, model MA685), and chips with a length of 90 cm, a width of 25 cm, and 

thickness of 1 mm were produced (Figure 1a); 2- after the production of the chips, they 

were sent to a greenhouse with a temperature of 65 °C, for 48 hours, to obtain a material 

with 8 % humidity; 3- After drying, the chips were sieved to remove the finer grains 4- 

An estimation was performed of the number of particles for the targeted density of 650 

kg/m3 panel and for the variation of the contents (8, 10, and 12 %) of castor oil-based 

polyurethane resin (castor-PU) to be used by the panel. Subsequently, the particles were 

inserted into a concrete mixer and the resin was applied by spraying to obtain a 

homogeneous distribution of the resin along the particles; 5- the material was inserted 

into a mattress mold (600 mm × 600 mm × 10 mm), considering the face-core-face mass 



 

 

ratio of 30:40:30 (Figure 1b), and then transferred to the thermohydraulic press (pressure 

5 MPa, the temperature of 100 °C, and pressing time of 10 minutes) (Figure 1c). At the 

end of the pressing process, the panels were stored at room temperature for 72 h, a period 

marked by the continuation of the resin curing process. After this period, the panels were 

tapered in their final dimensions (580 mm × 580 mm) from which specimens were 

extracted for physical, mechanical, and anatomical characterization tests. Thus, OSB 

panels of residual balsa wood (Figure 1d) were manufactured according to the 

experimental plan presented in Table 1, totaling 8 panels (two for each treatment). The 

OSB panels of balsa residual wood of this study were referenced with the following 

abbreviations: RBW-8, RBW-10, and RBW-12. 

 

 

Figure 1: Production process: (a) Balsa wood chips; (b) particle forming and guiding 

mold; (c) Mattress pressing; (d) Balsa wood OSB panel. 



 

 

Table 1: Treatments studied and resin contents. 

 

 

 

Physical and mechanical characterization of residual balsa wood OSB 

panels 

 

 

The physical (water absorption, thickness swelling, and apparent density) and mechanical 

(static bending, internal adhesion, and screw pullout for face and top) characterization of 

residual balsa wood OSB panels (RBW panels) followed the recommendations of 

normative documents EN 310 (1993), EN 317 (1993), EN 319 (1993), EN 320 (2011), 

and EN 323 (1993). Table 2 shows the description of each test, the standards used, 

dimensions, and the total quantity of samples per test. The physical tests performed were 

done to prove the efficiency of the resin concerning impermeability when in contact with 

water, and the mechanical tests were made to evaluate the characteristics of the wood and 

its potential for applications in the furniture industry or construction. 

Table 2: Experimental plan of physical and mechanical tests. 

 

 

 



 

 

The results obtained were compared with the minimum requirements of the European 

standard EN 300 (2002) that defines four types of uses for OSB panels, regarding their 

use in the furniture and construction industry. 

For the statistical analysis of the data, an inferential analysis was performed to diagnose 

the existence of a significant difference between the treatments studied (RBW-8, RBW-

10, and RBW-12). The completely random design (CRD) was used, and the data were 

compared by Tukey’s test when the ANOVA was significant, both were tested with 

p<0,05.  

 

 

Anatomical characterization of residual balsa wood OSB panels 

 

 

The images of the OSB panels of residual balsa wood were obtained through a Scanning 

Electron Microscope (SEM), Hitachi TM300 model. For the acquisition of the images, 

the electron backscattering technique was used, amplified by 50×, 100×, and 200×, which 

allowed for the identification of the dispersion of the resin inside the panels according to 

the variation of the contents used. This analysis is also important to understand the 

efficiency of panel compaction, an extremely important characteristic since it directly 

reflects on the physical and mechanical properties of the panels. 

 

 

Results and discussion 

 



 

 

 

The results obtained from the physical, mechanical, and anatomical characterizations 

from RBW-8, RBW-10, and RBW-12 panels agglomerates with different levels of castor 

oil polyurethane resin (Castor-PU) are presented in the next items. 

 

 

Physical and mechanical characterization of residual balsa wood OSB 

panels 

 

Table 3 shows the physical properties of RBW panels, such as apparent density, water 

absorption (2 hours and 24 hours), and thickness swelling (2 hours and 24 hours), 

compared to the specifications of the European standard EN 300 (2002), which are 

presented by the mean and respective coefficient of variation (CV). This regulation 

presents four types of OSB panels up to 10 mm thick (Types 1 to 4), which are indicated 

according to the application of the panel as structural or non-structural, in dry or humid 

environments, and external or internal use of the construction. 

 

 

 

 

 

 



 

 

Table 3: Mean values for the physical properties of OSB panels of residual balsa wood. 

 

RBW – Residual Balsa Wood Panel; OSB – Oriented Strand Board. Mean values followed by different 

letters in the column differ significantly to 5 % (p<0,05) by the Tukey’s Test. 

 

With the results obtained for the physical properties, it was observed that for water 

absorption (WA) (2 hours and 24 hours) the treatments RBW-8 and RBW-10 showed no 

statistically significant difference between them but showed a statistically significant 

difference (p<0,05) about the RBW-12 treatment. For the values obtained from thickness 

swelling (TS) (2 hours), all treatments showed no statistical difference among themselves. 

For The TS (24 hours) the treatments RBW-8 and RBW-10 did not present significant 

difference (p<0,05) among themselves, but the RBW-8 treatment showed a significant 

difference for the RBW-12 treatment, which showed no statistical difference for the 

RBW-10 treatment. When compared with EN 300 (2002), the RBW-8 treatment did not 

reach values for TYPE 1 OSB panels, the RBW-10 treatment reached for OSB type 1 

panels, and the RBW-12 treatment reached minimum requirements recommended by the 

regulatory for type 2 OSB panels (Figure 2). 

 



 

 

 

Figure 2: Comparison of treatment results with the standard EN 300 (2002). Thickness 

Swelling 24 hours. 

 

It is important to highlight that as the resin content increases there is a tendency for less 

water absorption, this also happens for thickness swelling, proving a direct relationship 

between the resin content and the physical properties of the panels. The RBW-10 

treatment showed results for TS (24 h) close to Lopes Junior et al. (2021), which obtained 

TS (24 h) value equal to 23,26 % for OSB panels of residual balsa wood of 650 kg/m³ 

and castor-PU resin content of 13 %. Barbirato et al. (2019) obtained results for WA (24h) 

of 134 % and 106 % considering OSB panels of residual balsa wood of 650 kg/m³ and 

castor-PU resin contents of 11 % and 15 %, respectively. 

Overall, there was no statistical difference between the mean values obtained for apparent 

density and they are within the range of 621,56 to 643,57 kg/m³, this proves that the 

production process of the residual balsa wood OSB panels was successfully performed 

and reached the intended target density of 650 kg/m³. 
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Mechanical characterization of residual balsa wood OSB panels 

(RBW) 

Table 4 shows the mechanical properties of RBW panels obtained by static bending tests 

(MOR and MOE), internal adhesion (IA), and screw pullout (face and top) compared to 

the specifications of the European standard EN 300 (2002), which are presented by the 

mean and respective coefficient of variation (CV). 

Table 4: Mean values for the physical properties of OSB panels of residual balsa wood. 

 

 

RBW – Residual Balsa Wood Panel; OSB – Oriented Strand Board. Mean values followed by different 

letters in the column differ significantly to 5 % (p<0,05) by the Tukey’s Test. 

 



 

 

 

 

With the results obtained for the mechanical properties, it was observed that for the 

longitudinal and transverse rupture modulus (MOR) and the longitudinal modulus of 

elasticity (MOE), the treatments RBW-8, RBW-10, and RBW-12 did not present 

significant differences (p<0,05) between them. For the transverse modulus of elasticity, 

however, the RBW-8 treatment showed no significant difference (p<0,05) compared to 

the RBW-10 treatment but presented a statistical difference from the RBW-12 treatment, 

which, in turn, did not present a statistically significant difference compared to the RBW-

10 treatment. For internal adhesion (IA), the RBW-10 and RBW-12 treatments showed 

no statistically significant difference between them, while the RBW-8 treatment showed 

a significant difference compared to the other treatments studied. Comparing the results 

of the treatments with the EN 300 (2002), they all achieved sufficient results to be 

classified as type 2 OSB panels (Figure 3). 

 



 

 

 

Figure 3: Comparison of treatment results with the standard (EN 300 (2002)). (a) and 

(b) Modulus of rupture longitudinal and transverse. (c) and (d) Modulus of elasticity 

longitudinal and transverse. (e) Internal Adhesion. 

 

Lopes Junior et al. (2021) and Campos Filho et al. (2021) worked with OSB panels of 

residual balsa wood with a density of 650 kg/m³ and castor oil resin content of 13 %. 

Considering the treatments RBW-8 and RBW-10, our study obtained values for 

transverse MOR, longitudinal MOE, and IA are higher than those obtained by the 

aforementioned authors, using lower resin contents. 



 

 

For the withdrawal test, the analysis of the mean values obtained allowed us to observe 

that the increase in density and resin content, from RBW-8 to RBW-12, resulted in a 

better performance. Thus, it is important to emphasize that the optimization of the resin 

content with the density used is extremely valuable for the physical and mechanical 

properties of the OSB panel of residual balsa wood. 

 

 

Anatomical characterization of OSB panels of residual balsa wood 

 

 

Figure 4 shows the scanning electron microscope (SEM) images of the cross-section of 

the RBW panels amplified by 100×. There is adequate compaction of the particles; 

however, Figure 4a, with a resin content of 8 %, shows a greater number of voids 

compared to the other treatments, a characteristic that directly influences the physical and 

mechanical properties of the panels. Figure 4b, with a resin content of 10 %, presents a 

smaller number of voids compared to Figure 4a, and these voids are reduced with the 

increase of the resin content (Figure 4c). 

 



 

 

      

Figure 4: Cross section - SEM (Zoom 100x): (a) 8 %; (b) 10 %; (c) 12 %. 

 

 

Conclusions 

 

 

The study of the resin content for residual balsa wood OSB panels from reforestation 

regions showed that panels with 8 % castor PU resin presented results very close to the 

minimum requirements presented by the standard and in comparison, with other literature 

found, it presented a very good performance similar being superior in some tests, as was 

the case of Internal Adhesion (IA). For panels with more than 10 % castor PU resin, 

standard recommendations were met. This content is justified by the characteristics of the 

wood (porous), to achieve the minimum requirements of the European standard for OSB 



 

 

type 2 structural panels. Studies have also shown that it is possible to produce panels with 

resin levels below 10 % for non-structural applications such as furniture, linings, and 

partitions, reaching the minimum requirements for type 1 OSB panels. 
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